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1 . 0 CODE DESCRIPTIONS

This  document  is  a  compi la t ion  o f  the  code-user ’s  ins t ruc t ions  fo r  the

t h r e e computer codes OILSPMXS, SPMONLY, and 01LSPM3 described in Chapter 6 of

P a y n e  e t  a l . (1989) . The in ten t  o f  th is  user ’s  manua l  i s  to  descr ibe  how to

i n p u t  d a t a  a n d  o p e r a t e  t h e  c o d e s . A l l  i n t e r n a l  a n d  e x t e r n a l  r e f e r e n c e s

r e f e r r e d  t o  i n t h i s manual a re t h e same as those in Payne et al .  (1989).

D e t a i l s  o f the mathematical bases for these three computer codes can also be

found in  Chapter  3  o f  Payne e t  a l .  (1989) .

OILSPMXS is t h e  c o d i n g  o f  a n  a n a l y t i c a l  s o l u t i o n  f o r  o n e - d i m e n s i o n a l

t r a n s p o r t  o f o i l a n d  S P M  w h e r e  t h e  S P M  c o n c e n t r a t i o n  e x c e e d s t h e  o i l

c o n c e n t r a t i o n  t o s u c h  a n e x t e n t that the SPM concentrat ion does not change

s u b s t a n t i a l l y  d u e  t o t h e o i l - S P M  i n t e r a c t i o n s . T y p i c a l l y ,  i f  t h e  n u m b e r

dens i ty  o f  SPM par t ic les  exceeds the  number  dens i ty  o f  o i l  d rop le ts  by  a  fac tor

of 10, this code can be used.

SPMONLY is t h e  c o d i n g  o f  a n  a n a l y t i c a l  s o l u t i o n  f o r  o n e - d i m e n s i o n a l

t r a n s p o r t  o f sediment in  the  absence o f  o i l . It w a s  u s e d  p r i m a r i l y  t o  c h e c k

t h e  n u m e r i c a l  code tha t  fo l lows and to  prov ide  a  mathemat ica l l y -cons is ten t  SPM

c o n c e n t r a t i o n p r o f i l e  a t  s t e a d y  s t a t e  t o  s t a r t  t h e  n u m e r i c a l  i n t e g r a t i o n . Any

SPM pro f i le  tha t  i s “reasonable” can be used. Other  SPM pro f i les  no t  a t  s teady

state can also be used, but no coding has been provided to do so.

0 1 L S P M 3  i s  a  n u m e r i c a l  i n t e g r a t i o n  c o d e  t h a t  s o l v e s  t h e  o n e -

d imens iona l t r a n s p o r t  e q u a t i o n s  f o r  o i l  d r o p l e t s  a n d  S P M  t h a t  a r e  i n t e r a c t i n g .

T h e r e  a r e  v i r t u a l l y  n o  r e s t r i c t i o n s  o n  t h e  u s e  o f  t h i s  c o d e .

The choice of a source  term for  o i l  is  an  important  considerat ion .

The oil source term used in the codes is  a  decay ing exponent ia l  because

v i r t u a l l y  a n y  t i m e - v a r y i n g  s o u r c e of  o i l  f rom the open-ocean o i l  weather ing

c o d e  h a s  f o l l o w e d  t h i s  t r e n d . Fur thermore , e x p o n e n t i a l  a r e  d o - a b l e  i n  a

mathemat ica l sense. A ser ies  o f  exponent ia l  o i l -source te rms can a l s o  b e  u s e d

w i t h the  requi rement  that  the  code be  run for e x p o n e n t i a l  a n d  t h e  r e s u l t s
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added together . However, a  s ingle  exponent ia l  source term is  a l l  that  has been

used to  date .

T h e  c o d e s  a r e  o n e - d i m e n s i o n a l . T h e r e f o r e , the user must recognize

t h a t t h e y d o  n o t  d e s c r i b e  a n y t h r e e - d i m e n s i o n a l  e n v i r o n m e n t a l  s i t u a t i o n s .

However, t h i s  i s t h e  o n l y  l i m i t a t i o n  m a t h e m a t i c a l l y . Because the  descr ib ing

p a r t i a l  d i f f e r e n t i a l  e q u a t i o n s  a r e  l i n e a r  ( i . e . ,  a d d i t i v e  a n d  h o m o g e n e o u s ) ,  t h e

u s u a l s u p e r p o s i t i o n theorem c a n  b e  u s e d  t o  o b t a i n  o t h e r  r e s u l t s  ( e . g . ,  t h e

adding of  exponent ia l  o i l -source  terms be ing one) .

The sample  problems presented here in  i l lust rate  the  “best”  est imate  of

a v a i l a b l e i n p u t  p a r a m e t e r s . Addi t ional  est imates  for  input  parameters  can be

e x t r a c t e d  f r o m the exper imenta l  data  in  Chapter  5  of  Payne et  a l .  (1989) ,  and

C h a p t e r  7  ( c o n c l u s i o n s  a n d  m a j o r  f i n d i n g s ) should be consulted by anyone

i n t e r e s t e d  i n u s i n g t h e  m o d e l . As users become more experienced with the

models

s h o u l d

a t t e m p t

1 . 1

a n d  g a i n r e a l - w o r l d  e x p e r i e n c e , b e t t e r  e s t i m a t e s  f o r  i n p u t  p a r a m e t e r s

f o l l o w . One o f  the  major  purposes o f  a  model  i s  to  pred ic t  rea l i ty ,  o r

t o  d o  s o ,  b y  a d j u s t i n g  p a r a m e t e r s  u n t i l  r e a l i t y  i s  p r e d i c t e d .

CODE-USE DESCRIPTION: OILSPMXS

T h e  m a t h e m a t i c a l  m o d e l  t h a t  d e s c r i b e s  t h e  i n t e r a c t i o n  o f  o i l  d r o p l e t s

with excess SPM is coded in BASIC and named OILSPMXS.BAS. The mathematics are

d e s c r i b e d  i n  S e c t i o n  3 . 1  o f  P a y n e  e t  a l .  ( 1 9 8 9 ) . This code should be run from

a  c o m p i l e d  a n d l i n k e d  e x e c u t a b l e  f i l e . T h e  e x e c u t a b l e  f i l e  s h o u l d  b e  a

“ s t a n d - a l o n e ” a n d  n o t  r e q u i r e  a  r u n - t i m e  l i b r a r y .

Upon runn ing  OILS.PMXS by  typ ing  the  .EXE f i le  name,  the  screen w i l l

d i s p l a y  a  p r o m p t  a s k i n g  t h e  u s e r i f  t h e  p a r a m e t e r s  a r e  t o  b e  “ e d i t e d ”  o r

“ e n t e r e d , ”  a s  i l l u s t r a t e d  i n  T a b l e  1 . T h e  u s e r  c a n  t h e n  e n t e r  “ e d i t ”  a s  i l l u s -

t r a t e d . Prev ious ly  s tored va lues  o f  the  parameters  w i l l  be  d isp layed as  shown

in Table 2. I t  i s  recommended tha t  t h e  u s e r  “ e d i t ” p a r a m e t e r s  r a t h e r  t h a n

“ e n t e r ” because’ t h e  s t o r e d  p a r a m e t e r s a r e  i n  t h e  r a n g e  o f  i n t e r e s t  f o r

env i ronmenta l

( i . e . , e d i t e d

appl icat ions. Any of the displayed parameters

by typing “yes” to the prompt),  as i l lustrated in

388

can be changed

Table 2. Upon



Table 1. Initial Screen Prompt From 01LSPMXSJ3AS.

OIL ZNROPLBTS  INTERACTING WITH EXCESS SP14.
C O D E  NAME  IS 01LSP141CS.BAS,  V E R S I O N  O F ’  8-3-88  @ 0718

WANT TO EDIT OR ENTER INPUT PARAMETERS ? edi t

Table 2. Screen Display of Parameter Editing From OILSPMXS.BASL

OIL DROPLETS INTERACTING WITH EXCESS SP14.
C O D E  NAME IS OILSPMXS.BAS,  V E R S I O N  O F  8 - 3 - 8 8  @ 0 7 1 8

1. RISE VELOCITY, CM/SEC = .001
2 . T U R B U L E N T  DIFFUSIVITY,  CM*CM/SEC  = 100
3. D E P T H ,  M E T E R S  =  1 0
4 . N U M B E R  O F  ROOTS = 25
5 . ROOT ERROR LIMIT  = 1.000D-06
6. E X P O N E N T I A L  FLUX  TERM,  l /SEC = 4.600D-05
7 . I N I T I A L  O I L  F L U X ,  GRAM/(CM*CM*SEC)  = 1.800D-05

D I S A P P E A R A N C E  RATE  CONSTANT,  l/SEC = 9.400D-04
:: NUMBER OF DEPTH VALUES = 27
10. PRINT THE ROOTS? YES

WANT TO CHANGE ANY? yes

ENTER THE LINE NUMBER TO BE CHANGED? 3

ENTER THE DEPTH,  METERS ?  20
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enter ing “yes” the parameter l ine  number that is to be changed is entered

( e . g . , in Table 2 the depth is changed to 20 m). Af ter  each edi t  the  ent i re

p a r a m e t e r  l i s t  i s  d i s p l a y e d . The code will continue execution only after “no”

is entered at the parameter-change prompt as i l lustrated in Table 3.

The code executes in the compiled and linked mode in a few seconds.

T h e  i n i t i a l  o u t p u t is a summary of the input parameters and the roots of the

t r a n s c e n d e n t a l  f u n c t i o n  ( a l s o  r e f e r r e d  t o as eigenvalues)  for the problem.

Each page of the output begins with a header identifying the code name and ver-

sion. This information is coded into the source through character strings and

any user that  changes the code is urged also to make these changes (in the

f i rs t  few l ines of  the  source) . By doing this, a record is maintained that can

b e  o f  g r e a t  v a l u e  i n  d o c u m e n t i n g  r e s u l t s . An example of the first page of

output  is  i l lust ra ted in  Table  4 .

T h e  c a l c u l a t e d  o i l  d r o p l e t  c o n c e n t r a t i o n  p r o f i l e  f o r  a  u s e r - e n t e r e d

time of  1  hr  is  i l lust ra ted in  the  output  in  Table  5 .  The d imensionless  t ime

p r i n t e d  j u s t  u n d e r  t h e  t i m e of 1 hr is printed to provide the user with a

number that can be used to gauge how close the results are to a steady state

value. Typically, dimensionless times greater than 1.0 are indicative of a re-

s u l t t h a t is very close to steady state, and entering a greater t ime wil l  not

markedly change the results. However, this dimensionless t ime is printed only

as a gauge, and in some cases the steady state may be a zero-

concentration p r o f i l e . Note in the calculated results in Table 5 that the
-5

oil-droplet concentration varies from 5.04 x 10 g m / c m3 (50.4  ppm) at the sur-

face to 1.05 x 10
-5 gm/cm3 (10.5 ppm) at a depth of 5 m, and to O gm/cm3 at  the

bot tom. T h e  z e r o  c o n c e n t r a t i o n  a t  t h e  b o t t o m  i s  t h e

b o u n d a r y  c o n d i t i o n  d e s c r i b e d  i n  t h e  d e r i v a t i o n .

A summary of the  tota l  mater ia l  ba lance for

result of the ( imposed)

o i l  drople ts  is  pr in ted

a f t e r t h e  c o n c e n t r a t i o n  p r o f i l e . This summary provides information with

r e s p e c t  t o t h e  q u a n t i t y  o f  o i l  d r o p l e t s  d i s p e r s e d  i n t o  t h e  w a t e r  a t  t h e

s u r f a c e ,  i n t h i s example (i.e. , Table 5) 0.0597 grams at 1 hour; the mass of

unattached oil  droplets in the water,  0.0151 grams; oil  attached to SPM, 0.0415

grams; and oil  attached to the bottom, 0.0032 grams. The latter three masses
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Table 3. Screen Display of Parameters to be Used in Calculation, with a
Final User Response of “no’~ From OILSPMXSJ3AS.

OIL DROPLETS INTERACTING WITH EXCESS SPi4.
C O D E  N A M E  I S  OILSPMXS.BAS,  VERSION OF 8-3-88 @ 0718

1 . RISE VELOCITY, C M / S E C  = .001
2 . T U R B U L E N T  DIFFUSIVITY,  CM*CM/SEC  = 1 0 0
3 . D E P T H ,  M E T E R S  =  1 0
4 . NUMBER OF ROOTS = 25
5 . ROOT ERROR LIMIT = 1.000D-06
6 . EXPONENTIAL FLUX TERM,. l /SEC = 4.600D-05
7 . I N I T I A L  O I L  F L U X ,  GRAM/(CM*CM*SE(2)  =  1 . 8 0 0 1 ) - 0 5
8 . D I S A P P E A R A N C E  R A T E  C O N S T A N T ,  l/SEC  = 9.4013D-04
9 . NUMBER OF DEPTH VALUES = 27
10. PRINT THE ROOTS? YES

WANT TO CHANGE ANY? no



‘I’able 4. Printed Output of Problem Parameters From OILSPMXS.BAS.

CODE NAME IS  01 LSPt4XS. BAS, VERSION OF 8-3-88 @ 0718
RUN TIME = 07:15:01,  RUN DATE = 08-03-1988

THIS CODE SOLVES THE TRANSIENT ADVECTION-DISPERSION EQUATION FOR
OIL DROPLETS WITH FIRST-ORDER REACTION LOSS.

PROBLEM IDENTIFICATIONS PRE-LOADED PARAMETER TEST CASE

OIL DROPLET RISE VELOCITY = .00I  cM/SEC, DEPTH = 10 METERS

TURBULENT DIFFUSIVITY  = 1 0 0  CM*C.t4/SEC

ERROR LIMIT  FOR THE ROOTS = 1.000D-06

vx*L/(2*K)  = -5.000D-03  UNITLESS

THE 25 ROOTS OF F(BETA)  = BETA*COTANGENT(BETA) + VX*L/(2*K)

ROOT
1.568D+O0
4.711D+O0
7.853D+O0
1.1OOD+O1
1.414D+01
1.728D+01
2.042D+01
2.356D+01
2.670D+01
2.984D+01
3.299D+01
3.613D+01
3.927D+01
4.241D+01
4.555D+01
4.869D+OI
5.184D+01
5.498D+01
5.812D+01
6.126D+01
6.440D+01
6.754D+01
7.069D+01
7.383D+01
7.697D+OI

F ( BETA )
-4.lllD-07

3.831D-07
-7.362D-08
-2.266D-08

4.998D-07
3.937D-07

-4.653D-07
-8.318D-08

2.939D-07
3.739D-07
1.577D-07

-5.745D-07
3.101D-O7

-7.179D-07
6.801D-07

-9.371D-07
5.586D-08
6.808D-07
7.541D-07
5.503D-08
2.015D-07

-9.391D-07
-5.765D-08

9.708D-07
-6.114D-07

ERROR CODE
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

EXPONENTIAL FLUX TERM = 4.600D-05 l / S E C

INITIAL OIL FLUX = 1.800D-05 GRAMS/(CM*C14*SEC)

FIRST ORDER DISAPPEARANCE RATE CONSTANT? l/SEC = 9.400D-04  l/SEC

Z E T A - B A R  IS REAL (  <> VX/(2*K)  ) A N D  EQUAL TO 2.990D-03  VC14 (IZBAR = 1)
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‘I’able !5. C!akndated  Oil-Droplet Concentration Profile at 1 Hour From
OILSPMXS.BAS.

CODE NAME IS  01 LSPM2M. BAS,  VERSION OF 8-3-88  @ 0 7 1 8
RUN TIME  = 07:1!5:01,  RUN DATE = 08-03-1988

C A L C U L A T E D  R E S U L T S  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

CONCENTRATION PROFILE (GMICCI FOR ‘TIME = I.000D+OO HOURS
D I M E N S I O N L E S S  TIME,  K*TIL**2  = 3.600D-01

DEPTH
(CM)

0.000D+OO
3.846D+01
7,692D+OI
1.154D+02
1.538D+02
1.923D+02
2.308D+02
2.692D+02
3.077D+02
3.462D+02
3.846DI=02
4.231D+02
4.615D+02
5.000!2+02
5.385D+02
5.769D+02
6.154D+02
6.538!3+02
6.923D+02
‘7.308D+02
7.692D+02
8.077D+02
8.462D+02
8.846D+02
9.231D+02
9.615D+02
1.oociD+03

OIL  CONC
( Gwcc! )

5.040D-0!5 (SURFACE)
4.484D-05
3.988D-0!5
3e546D-o!5
3.152D-05
2.800D-05
2.413’7D-05
2,207D-05
le95’7D-05
1.’733D-O5
1.534D-05
1.355D-05
1.195D-05
1.052D-05
9 . 2 2 5 0 - 0 6
8.062D-06
7.OIID-06
6.057D-06
5.187D-06
4.390D-06
3.6!54D-06
2.969D-06
2.327D-06
1.717D-06
1.131D-06
5.614D-07
0.000D+OO (BOTTOM)

T O T A L  GRAMS OF OIL  DISPERSED INTO THE WATER COLUMN = 5.972D-02

GRAMS ok? FREE OIL DROPS IN THE WATER COLUMN = 1.507D-02
GRAMS OF OIL DROPS ATTACHE!3  T O  SPkf = 4.147D-02
GRAMS OF FREE OIL DROPS ATTACHED  T O  THE  BOTTOM = 3.179D-03

TOTAL GRAM? OP OIL  ACCOUNT%D FOR IN  THE CJkLCIJLATION = 5.972D-02
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must  sum to  the  mass o f  o i l  d ispersed in  order  to  “c lose”  the  mater ia l  ba lance.

Thus , t h e  l a s t  l i n e  o f  o u t p u t accounts  fo r  0 .0597 g  o f  o i l . The mater ia l

b a l a n c e  m u s t c l o s e  f o r  e a c h  c a l c u l a t i o n ;  l a c k  o f  s u c c e s s f u l  c l o s u r e  i n d i c a t e s

a n  e r r o r  i n  t h e  c a l c u l a t i o n .

T h e  o i l - d r o p l e t  c o n c e n t r a t i o n  p r o f i l e  a t  1 0  hr  i s  p resented in  Tab le  6

and is  to  be compared wi th  the  pro f i le  a t  1 hr  in  Tab le  5 . N o t e  t h a t  t h e  10-hr

c o n c e n t r a t i o n s a r e  c o n s i d e r a b l y  d e c r e a s e d  r e l a t i v e  t o  t h e  l - h r  c o n c e n t r a t i o n s .

T h i s is  due to  the  loss  o f  o i l  th rough reac t ion  and loss  o f  o i l  to  the  bot tom.

Note t h a t  t h e  d i s p e r s i o n  i s modeled as  a  decay ing exponent ia l ,  ( l ine  #6 in

T a b l e  2 )  a n d  a s  a  r e s u l t  t h e  o i l - d r o p l e t  f l u x  f r o m  t h e  s u r f a c e  g o e s  t o  z e r o  a t

la rge  va lues  o f  t ime.

T h e  s a m p l e  p r o b l e m i l lus t ra ted in  Tab les  1  th rough 6  is  based on an

(E/v)l/2 -1value of 10 sec . H o w e v e r ,  a  r e v i e w  o f  t h e  l i t e r a t u r e  ( T a b l e  7 )  f o r

e n e r g y  d i s s i p a t i o n  r a t e s
3in the ocean shows that a value of 0.01 erg/cm /see

c a n  b e  e x p e c t e d  ( a n d  d o w n  t o  0 . 0 0 0 3  erg/cm3/sec also) . On a per-unit

mass -o f - f l u i d  bas i s t h i s v a l u e  b e c o m e s  0 . 0 1  cm2/sec3, a n d  d i v i d i n g  by a

kinematic
1 / 2 -1

v i s c o s i t y  o f  0 . 0 1  c m 2/ s e c  y i e l d s  (e/v) == 1 sec .  The ra te  con-

s tant f o r  o i l - d r o p l e t loss with an excess SPM load of 100 mg/L then wi l l  be

0 . 0 0 0 0 9 4  s e c -1 ( d e c r e a s e d  b y  a f a c t o r  o f  1 0  f r o m  t h e  p r e v i o u s  c a s e ) .

C a l c u l a t e d  r e s u l t s  f o r  t h i s  r a t e  c o n s t a n t at 1 and 10 hr  are  presented in

Tables 8 through 10. N o t e  t h a t  t h e  f r e e  o i l - d r o p l e t  c o n c e n t r a t i o n  p r o f i l e  w i t h

t h e  d e c r e a s e d  a~ i n  T a b l e  8  i s  g r e a t e r  t h a n  t h a t  i n  T a b l e  5 . The reason for

t h i s  d i f f e r e n c e  i s  t h a t  i n  t h e  c a s e  w i t h  a  s m a l l e r  o i l - l o s s  r a t e  c o n s t a n t ,  m o r e

o i l remains

a t t a c h e d  t o

grams (Table

( T a b l e  9 ) .

and is to be

in the water column. This is also i l lustrated by the mass of oil

SPM at 1 hour; for a = 0.00094 the oil  mass attached is 0.0415
c

5)  whi le  for  a. = 0.000094 the oil mass attached is 0.00834 grams

T h e  correspon~ing  c a l c u l a t i o n  a t  10-hr  is

compared with Table 6.

1 . 2 CODE-USE DESCRIPTION: SPMONLY

The mathemat ica l  m o d e l  w h i c h  d e s c r i b e s  t h e

f i r s t - o r d e r r e a c t i o n  l o s s  i s  c o d e d  i n  BASIC a n d

presented in  Tab le  6-10

transport of SPM with a

n a m e d  SPMONLY.BAS. The
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Table 6. Calculated Oil-Droplet Concentration Profde at 10 Hours From
OILSPMXS.13AS.

C O D E  N A M E  IS  OILSPMXS. BAS, VERSION OF 8-3-88 @ 0718
RUN TIME  = 07:15:01,  RUN DATE = 0 8 - 0 3 - 1 9 8 8

C A L C U L A T E D  R E S U L T S  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

CONCENTRATION PROFILE (GM/CC) FOR TIME = 1.000D+O1  HOURS
DIMENSIONLESS TIME,  K*T/L**2  = 3.600D+O0

DEPTH
(CM)

0.000D+OO
3.846D+OI
7.692D+OI
1.154D+02
1.538D+02
1.923D+02
2.308D+02
2.692D+02
3.077D+02
3.462D+02
3.846D+02
4.231D+02
4.615D+02
5.000D+02
5.385D+02
5.769D+02
6.154D+02
6.538D+02
6.923D+02
7.308D+02
7’.692D+O2
8.077D+02
8.462D+02
8.846D+02
9.231D+02
9.615B+02
1.000!3+03

OIL CONC
( GM/CC)

1.145D-05 (SURFACE)
1.020D-05
9.083D-06
8.087D-06
7.197D-06
6.404D-06
5.695D-06
5,062D-06
4.496D-06
3.990D-06
3,537D-06
3.131D-06
2.767D-06
2.439D-06
2,144D-06
I,877D-06
1.636D-06
1.416D-06
1.215D-06
1.030D-06
8.583D-07
6.984D-07
5.478D-07
4.046D-07

‘ 2.667D-07
1.325D-07
0.000D+OO (BOTTOM)

TOTAL GRAMS OF OIL DISPERSED INTO THE WATER COLUMN = 3.166D-01

GRAMS OF FREE OIL DROPS IN THE WATER COLUMN = 3.459D-03
GRAMS OF OIL DROPS ATTACHED TO SPM = 2.843D-01
GRAMS OF FREE OIL DROPS ATTACHED TO THE BOTTOM = 2.881D-02

TOTAL GRAMS OF OIL ACCOUNTED FOR IN THE CALCULATION = 3.166D-01
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Table 7.

1

1-2

15

15

15

27

36

40

43

58

73

89

90

100

140

*In Raj (1977).

Umt Conv~. .

Observed Energy Dissipation Rates

F(envlcm%e )c Befe~nC~

6.4 E-2 Liu (1985)

3.0 E-2 Stewart &Grant (1962)

3.0 E-2 Stewart & Grant (1962)

2.5 E-2 Grant et al. (1968)

1.0 E-2 Liu (1985)

5.2 E-3 Grant et aL (1968)

1.5 E-1 13elyaev (1975)*

2.65 E-3 Liu (1985)

3,0 E-3 Grant et al. (1968)

4.8 E-3 Gmnt et aL (1968)

1.9 E-3 Grant et al. (1968)

3.4 E-4 Grant et al. (1968)

3.1 E-4 Grant et al. (1968)

6.25 E-4 Liu (1985)

3,7 E-2 Belyaev (1975)*

1 erg/cm%ec-  = 1 cm%ecs water
= IN wattsllcg water
= 10-7 w~~3

Reference:

Kirstein et al., “Observed Energy Dissipation Rates”, Interim Repofi, Integration of
~u;$;$d Particulate Matter and Oil Transportation Study, submitted to MMS, November

? .
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Table 8. Printed Output of Problem Parameters From OILSPMXS.BAS
(with ac=0.000094 sec-~).

CODE NAME IS OILSPMXS. BAS, VERSION OF 8-3-88 @ 0718
RUN TIME = 10:42:31,  RUN DATE = 08-03-1988

THIS CODE SOLVES THE TRANSIENT ADVECTION-DISPERSION EQUATION FOR
OIL DROPLETS WITH FIRST-ORDER REACTION LOSS.

PROBLEM IDENTIFICATION: PRE-LOADED PARA14ETER TEST CASE

OIL DROPLET RISE VELOCITY = .001  CM\SEC,  DEPTH = 10 M E T E R S

TURBULENT DIFFUSIVITY  = 1 0 0  C14*CM/SEC

ERROR LIMIT FOR THE ROOTS = 1.000D-06

17x*L/(2*K)  = -5.0000-03 UNITLESS

THE 25 ROOTS OF

ROOT
1.568D+O0
4.711D+O0
7.853D+O0
1.1OOD+OI
1.414D+OI
1.728D+OI
2.042D+01
2.356D+01
2.670D+01
2.984D+OI
3.299D+OZ
3.613D+OI
3.927D+OI
4.241D+01
4.555D+OI
4.869D+01
5.184D+Ol
5.498D+01
5.812D+01
6.126D+01
6.440D+01
6.754D+OI
7.069D+OI
7.383D+OI
7.697D+01

F(BETA)  =  J3ETA*COTANGENT(BETA) +  VX*L/(2*K)

F ( BETA ) ERROR CODE!
-4.lIID-07 1

3.831D-07 1
-7.362D-08 1
-2.266D-08 1

4.998D-07 1
3.937D-07 1

-4.6531)-07 1
-8.318D-08 1

2.939D-07 1
3.739D-07 L
1.577D-07 1

-5.745D-07 1
3a101D-07

-7.179D-07 :
6.801D-07 1

-9.371D-07 1
5.586D-08 1
6.808D-07 1
7.541D-07 1
5.503D-08 1
2.015D-07 1

-9.391D-07 1
-5.765D-08 1

9.708D-07 1
-6.114D-07 1

EXPONENTIAL FLUX TERM = 4.600D-05  l / S E C

INITIAL OIL FLUX = 1.800D-05  GRAMS/(CM*CM*SEC)

FI”RST ORDER DISAPPEARANCE RATE CONSTANT, l/SEC  = 9.400D-05  l/SEC

ZETA-BAR IS REAL ( <> VX/(2*K)  ) AND EQUAL TO 6.928D-04  l/CM (IZBAR  = 1)
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Table 9. Calculated Oil-Droplet Concentration Profile at 1 Hour From
OILSPMXS.BAS (with ac =0.000094 see-l).

CODE NAME IS  OILSPMXS. BAS,  VERSION OF 8-3-88 @ 0718
RUN TIME = 10:42:31,  RUN DATE = 08-03-1988

C A L C U L A T E D  RESULTS * * * * * * * * * * * * * * * * * * * x * * * * * * * * * * * * *

CONCENTRATION PROFILE (GM/CCl  FOR TIME = 1.000D+OO  HOURS
DIMENSIONLESS TIME, K*T/L**2  = 3.600D-01

DEPTH
(CM)

0,000D+OO
3.846D+01
7.692D+01
1.154D+02
1.538D+02
1.923D+02
2.308D+02
2.692D+02
3.077D+02
3.462D+02
3.846D+02
4.231D+02
4.615D+02
5.000D+02
5.385D+02
5.769D+02
6.154D+02
6.538D+02
6.923D+02
7.308D+02
7.692D+02
8.077D+02
8.462D+02
8.846D+02
9.231D+02
9.615D+0,2
1.0000+03

OIL CONC
( GM/CC)

9.647D-05 (SURFACE)
9.068D-05
8.512D-05
7.977D-05
7.463D-05
6.970D-05
6.498D-05
6.044D-05
5.61OD-O5
5.193D-05
4.794D-05
4.411D-05
4.044D-05
3.691D-05
3.353D-05
3.027D-05
2.713D-05
2.41OD-O5
2.117D-05
1.832D-05
1,556D-05
1.286D-05
1,022D-05
7.625D-06
5.063D-06
2.526D-06
0.000D+OO (BOTTOM)

TOTAL GRAMS OF OIL DISPERSED INTO TH’E WATER COLUMN = 5.972D-02

GRAMS OF FREE OIL DROPS IN THE WATER COLUMN = 4.073D-02
GRAMS OF OIL DROPS ATTACHED TO SPM = 8.342D-03
GRAMS OF FREE OIL DROPS ATTACHED TO THE BOTTO19 = 1.064D-02

TOTAL GRAMS OF OIL  ACCOUNTED FOR IN THE CALCULATION = 5.972D-02
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Table 10.

CODE  NAME

Calculated Oil-Droplet Concentration Profile at 10 Hours From
0HJ5PlWXS.BAS (with ac =0.000094 see-l).

1~ OILSPHXS.BAS,  VERSION OF 8-3-88 @ 0718
RUN TIME = 10:42:31,  RUN DATE =  08-03-1988 -

C A L C U L A T E D  R E S U L T S  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

CONCENTRATION PROFILE (GM/CC) FOR TIME = 1.000D+O1  HOURS
DIMZNS1ONLESS TIME,  K*T/L**2  = 3.600D+O0

DEPTH
(CM)

0.000D+OO
3.846D+01
7.692D+OI
1.154D+02
1.538D+02
1.923D+02
2.308D+02
2.692D+02
3.077D+02
3.462D+02
3.846D+02
4.231D+02
4.615D+02
5.000D+02
5.385D+02
5.769D+02
6.154D+02
6.538D+02
6.923D+02
7.308D+02
7.692D+02
8.077D+02
8.462D+02
8.846D+02
9.231DI=02
9.615D+02
1.000D+03

O I L  CONC
( GM\CC )

2.988D-05 (SURFACE)
2.855D-05
2.725D-05
2.597D-05
2.471D-05
2.346D-05
2.224D-05
2.I02D-05
1.983D-05
1.865D-05
1.748D-05
1.632D-05
1.518D-05
1.405D-05
1.293D-05
1.182D-05
1.071D-05
9.619D-06
8.531D-06
7.450D-06
6.375D-06
5e305D-06
4.238D-06
3.175D-06
2.115D-06
1.057D-06
0.000D+OO (BOTTOM)

TOTAL GRAMS OF OIL DISPERSED INTO THE WATER COLUMN = 3.166D-01

GRAMS OF FREE OIL DROPS IN THE WATER COLUMN = 1.434D-02
GRAMS OF OIL  DROPS ATTACHED TO SPM = 1.028D-01
GRAMS OF FREE OIL DROPS ATTACHED TO THE BOTTOM = 1.995D-01

TOTAL GRAMS OF OIL ACCOUNTED FOR IN THE CALCULATION = 3.166D-01
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m a t h e m a t i c s  i s d e s c r i b e d  i n  S e c t i o n  3 . 1 . 2  o f  P a y n e  e t  a l .  ( 1 9 8 9 ) . This code

shou ld  be run f rom a compi led  and l inked executab le  file. T h e  e x e c u t a b l e  f i l e

shou ld  be a  “s tand-a lone”  and not  requ i re  a  run- t ime l ib rary .

Upon runn ing SPMONLY by  typ ing  in  the  .EXE f i le name, the screen wi l l

d i s p l a y  a  p r o m p t  a s k i n g  t h e  u s e r i f  t h e  p a r a m e t e r s  a r e  t o  b e  “ e d i t e d ”  o r

“entered” . I t  i s  recommended that  the  user  enter “ed i t ”  because the parameters

s t o r e d  i n  t h e  c o d e  a r e  i n  t h e  r a n g e  o f  i n t e r e s t  o f  e n v i r o n m e n t a l  a p p l i c a t i o n s .

Any of  the  d isp layed parameters  can be changed ( i .e . ,  ed i ted)  by  typ ing “yes”

i n response to the prompt. Upon enter ing  “yes” the parameter  l ine  number  tha t

is  to  be changed is  entered. A f t e r  e a c h  e d i t  t h e  e n t i r e  p a r a m e t e r  l i s t  i s  d i s -

p l a y e d . T h e  c o d e  w i l l  c o n t i n u e  t o  e x e c u t e  o n l y  a f t e r  “ n o ”  i s  e n t e r e d  a t  t h e

parameter -change prompt  as  i l lus t ra ted in  Tab le  11.

Upon e n t e r i n g “no ” the  prompt  w i l l  ask  the  user  i f  co tangent  va lues

f rom Abramowicz  and Stegun are to be used. The Abramowitz and Stegun  cotangent

v a l u e s a r e  d o u b l e - p r e c i s i o n cotangent values as described in the Handbook of

M a t h e m a t i c a l  F u n c t i o n s  ( M . Abramowi tz  and I.A.  Stegun, page 76). The reason

this cotangent calculat ion was used is the recognition that some B A S I C  s o f t w a r e

d o e s  n o t  h a v e  d o u b l e - p r e c i s i o n  t r i g o n o m e t r i c  f u n c t i o n s , and i n  t h e  e a r l y

s tages o f  c o d i n g  a n  e r r o r  l i m i t  o f  l e s s t h a n  l,DO-05  cou ld  not  be a t ta ined in

s o l v i n g  f o r  t h e  r o o t s  o f  t h e  t r a n s c e n d e n t a l  f u n c t i o n  (eigenfunction).  M o s t  o f

the time it w i l l  make no d i f fe rence i f  the  Abramowi tz  and Stegun co tangent

v a l u e s a re used or if  the single-precision machine function is used. For the

example i l lustrated in Table 11, “no” is entered. The prompt will then ask for

a t ime to calculate the SPM concentration profi le.

The resul ts  of  a  ca lculat ion are  i l lust rated in  Tables  12 th rough 14.

T a b l e  1 2  p r o v i d e s documentat ion of the code name and version, an echo of the

input  parameters , a n d  t h e  r o o t s  o f  t h e  t r a n s c e n d e n t a l  f u n c t i o n  (eigenfunction).

The code name and vers ion are  pr in ted as  a  header  on each page o f  output  to

p r o v i d e  a  m e a n s o f  d o c u m e n t i n g  r e s u l t s . T h e s e  t w o  i d e n t i f i c a t i o n  i t e m s  a r e

c o d e d  i n t o  t h e  s o u r c e  t h r o u g h  c h a r a c t e r  s t r i n g s , and any user that changes the

code is  urged to  make these changes ( in  the  f i rs t  few l ines  o f  the  source) .
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Table 11. Screen Display of Parameter List for SPMONLY.BAS.

SUSPENDED-PARTI CULATE-MATTER (SPM) CALCULATION
C O D E  NA14E IS SPMONLY.BAS,  VERSION OF 8-4-88 @ 0746

1 . TERMINAL VELOCITY, CM/SEC = .001
2. TURBULENT DIFFUSIVITY,  CM*CM/SEC = 1 0 0
3. DEPTH, METERS = 10
4. NUMBER OF ROOTS = 25
5 . ROOT ERROR LIMIT  = 1.000D-06
6 . SPM-LOSS  RATE CONSTANT, l /SEC = 9.400D-07
7 . FLUX RATE, GM/SEC*CM*EM  = 4.600D-05
8 . DEPOSITION RATE,  CM/SEC = 4.600D-02
9 . NUMBER OF DEPTH VALUES = 49
10. PRINT T H E  ROOTS? YES

WANT TO CHANGE ANY? N

DO YOU WANT ABRAMOWITZ & STEGUN COTANGENT VALUES? NO

ENTER THE TIME IN HOURS ? 1.

T I M E  E N T E R E D  I S  1.000D+OO

IS  THIS  CORRECT ?  y~=
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Table 120 Printed Output From SPMONLY Documenting Problem
Parameters.

CODE NAME IS SPMONLY. BAS, V E R S I O N  OF 8-4-88 @ 0 7 4 6
RUN TIME = 08:12:02,  RUN DATE = 08-04-1988

THIS  CODE SOLVES THE 1-D TRANSIENT ADVECTION-DISPERSION  EQUATION FOR SPM
(ANALYTICAL SOLUTION] WITH FIRST-ORDER REACTION LOSS.

TERMINAL VELOCITY = 1.000D-03  CM/’SEC, DEPTH = 10.0 M E T E R S

TURBULENT DIFFUSIVITY  = 1 0 0 . 0  CM*CM/’SEC

FLUX RATE FROM THE BOTTOM = 4.600D-05  G14/SEC*CM*CM

DEPOSITION RATE = 4.600D-02  CM/SEC

ERROR LIMIT FOR THE ROOTS = 1.000D-06

A  =  VX/(2*K)  =  5.000D-06 l/CM

ROOTS CALCULATED USING MACHINE FUNCTIONS.

THE 25 ROOTS OF F(BETA)=BETA*COTANGENT(BETA)-K*  ((A*L)”2-A*KS*L+BETAA2)i  (KS*L)

ROOT
6.319D-01
3.281D+O0
6.355D+O0
9.473D+O0
1.260D+01
1.574D+01
1.887D+01
2.201D+01
2.515D+01
2.829D+01
3.143D+01
3.457D+01
3.771D+01
4.085D+01
4.399D+01
4.713D+01
5.027D+OL
5.342D+01
5.656D+OI
5.970D+OI
6.284Q+01
6.598D+01
6.912D+01
7.226D+01
7.540D+01

F ( BETA )
1.685D-07
9.872D-07

-6.364D-07
-1.659D-07
-8.777D-07
-3.807D-07

4.496D-07
6.450D-07

-7.795D-07
-4.485D-08
-6.668D-07

9.841D-07
1.799D-07
5.034D-07
6.818D-07

-7.496D-07
-3.562D-07
-9.183D-07
-4.542D-07
-8.393D-07
-6.561D-07

7.975D-07
-9.499D-08

5.386D-07
3.503D-07

IN IT IAL  5PM FLUX = 4.600D-05

FIRST-ORDER 5PM DISAPPEARANCE

1
1

1
1

1

GRAHS/’(Cl4*Cl4*SEC )

RATS CONSTANT, l/SEC  = 9.400D-07  l/SgC
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Table 13. Printed Output From SPMONLY, SPM Profile at 1 Hour.

CODE  NAUB IS SPMONLY.  BAS,  VERSION OF 8-4-88  @ 0 7 4 6
RUM TIHB = 08:12:02, R U N  DATE = 08-04-19$8

CONCENTRATION PROFILES AT TIME = 1.000D+OO HOURS ● **********************

DEPTH
CM

0.000D+OO
2.083D+01
4.167D+01
6.250D+01
8.333D+Ol
1.042D+02
1.250D+02
1.458D+02
1.667D+02
1.875D+02
2.083D+02
2.292D+02
2.500D+02
2.708D+02
2.917D+02
3.125D+02
3.333D+02
3.542D+02
3.750D+02
3.958D+02
4.167D+02
4.375D+02
4.583D+02
4.792D+02
5.000D+02
5.208D+02
5.417D+02
5.625D+02
5.833D+02
6.042D+02
6.250D+02
6.458D+02
6.667D+02
6.875D+02
7.083D+02
7.292Q+02
7.500D+02
7.708D+02
7.917D+02
8.125D+02
8.333D+02
8.542D+02
8.750D+02
8.958D+02
9.167D+02
9.375D+02
9.583D+02
9.7920+02
1.000D+03

GRAM  OF SP14
GRAM  OF SPM

GRAMS OF SP!4

GRAMS 0? SPH
GRAMS OF SPH

SPU CONC.
GU/Ct4**3

7.772D-05  (SURFACE)
7 . 7 8 1 0 - 0 5
7.805D-05
7.845D-05
7 . 8 9 9 0 - 0 5
7.968D-05.
8.053D-05
8.152D-05
8.267D-05
8.397D-05
8.542D-05
8.702D-05
8 . 8 7 7 0 - 0 5
9.067D-05
9.273D-05
9.493D-05
9.729D-05
9.980D-05
1.025D-04
1.053D-04
I,083D-04
1.I14D-04
1.146D-04
l,181D-04
1.217D-04
L.254D-04
1.293D-04
1.333D-04
1.375D-04
1.418D-04
1.463D-04
1.510D-04
1.558D-04
1.607D-04
1.658D-04
L.711D-04
1.765D-04
1.820D-04
1.877D-04
1.936D-04
1.996D-04
2.057D-04
2.120D-04
2.184D-04
2.250D-04
2.317D-04
2.386D-04
2.456D-04
2.527D-04  [BOTTO141

(UNATTACHED) IN THE WATER  COLUNN  = 1.362D-01
ATTACHED TO OIL = 2.395D-04

I N  VAT~R  +  ATTACHBD = 1.365D-01

FROH THB BOTTOM (FROM VX*C-K*OC/DX) = 1.3650-01
FRON THB  BOTTOM  ( F R O M  -rO+KS*C)  =  1.3t5D-Ql
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Table 14. Printed Output From SPMONLY, SPM Profile at 6 Hours.

C O D E  NANE IS SPHONLY.  BAS,  VERSION OF 8-4-88 @ 0746
RUN TIME = 08:12:02,  RUN DATE = 08-04-1988

CONCENTRATION PROFILES AT TIME  = 6.000D+OO  H O U R S  * * * * * * * * * * * * * * * * * * * * * * *

DEPTH
CM

0,000D+OO
2.083D+01
4.167D+OL
6.250D+01
8.333D+01
1.042D+02
1.250D+02
1.458D+02
1.667D+02
1.875D+02
2.083D+02
2.292D+02
2.500D+02
2.7080+02
2.917D+02
3.1250+02
3,333D+02
3.542D+02
3.750D+02
3.958D+02
4.167D+02
4.375D+02
4.583D+02
4.792D+02
5.000D+02
5.208D+02
5.417D+02
5.625D+02
5.833D+02
6.042D+02
6.250D+02
6.458D+02
6,667D+02
6.875D+02
7.083D+02
7.292D+02
7.500D+02
7.708D+02
7.917D+02
8.125D+02
8.333D+02
8.542D+02
8.750D+02
8.950D+02
9.L67D+02
9.375D+02
9.583D+02
9.’?92D+O2
1.000D+03

9PM COPJC.
Gk4/CM**3

5.395D-04 (SURFACE)
5.397D-04
5 . 3 9 9 0 - 0 4
5.402D-04
5.406D-04
5.411D-04.
5.416D-04
5,422D-04
5.429D-04
5.437)3-04
5.445D-04
5,455D-04
5.465D-04
5 . 4 7 6 0 - 0 4
5.487D-04
5.500D-04
5.513D-04
5.527D-04
5.541D-04
5.557D-04
5.573D-04
5.590D-04
5.608D-04
5.626D-04
5.645D-04
5.665D-04
5.686D-04
5.708D-04
5.730D-04
5.753D-04
5.776D-04
5.801D-04
5.826D-04
5.852D-04
5.879D~04
5.906D-04
5.934D-04
5.963D-04
5.992D-04
6 . 0 2 2 0 - 0 4
6.053D-04
6 . 0 8 5 0 - 0 4
6 . 1 1 7 0 - 0 4
6.150D-04
6.L83D-04
6.217D-04
6.252D-04
6.288D-04
6.324D-04  (BOTTOM)

GRAMI  OP SPH (UNATTACHED) IN THE MATER  COLUNN = 5.717D-01
GRAMS  OF SP14 ATTACHED TO OIL ~ 6.677D-03

GRAM  OF SP14 IN lfATRR + A T T A C H E D  = 5.784D-01

GRAIN  0? 9PM F R O M  THE BOTTO14  ( F R O M  VX*C-K*DC/DX)  =  5 . 7 8 4 0 - 0 1
GRANS 0? SPM FROM T H E  B O T T O M  (FROM -FO+KS*C)  = 5.784D-01
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Tables  13 and 14 i l lus t ra te  the  ca lcu la ted  SPM pro f i les  a t  1 and 6 hr,

r e s p e c t i v e l y . At 1 hr the SPM concentrat ion varies from 7.7 x 10 -5 gm/cm3 (77
- 4

ppm) at the surface to 2.5 x 10 gm/cm3 (250 ppm) at the bottom, while at 6 hr

the SPM at the surface is 5.4 x 10 -4 g m / c m 3 (540 ppm) and at the bottom 6.3 x

1 0 -4 gm/cm3 (630 ppm), N o t e  t h a t  t h e  S P M  p r o f i l e  i s  “ f l a t t e n i n g  o u t ”  a t  6  h r

( i . e . , the  SPM concent ra t ion  in  the  water  co lumn is  approach ing s teady s ta te

a n d  i s  e x p e c t e d  t o  b e  “ f l a t ” ) .

A  to ta l  mater ia l  ba lance fo r  the  SPM is  pr in ted  be low each concent ra-

t i o n  p r o f i l e . SPM can reside in the water column or be removed from the water

column t h r o u g h r e a c t i o n  w i t h  o i l . These two masses must sum to the SPM mass

put  in to  the  water  co lumn a t  the  bot tom. T h i s  i s  i l l u s t r a t e d  i n  T a b l e  1 3  w h e r e

0.1362 g are in the water column and 0.000239 g  are  a t tached to  o i l  (by

reaction) . These two masses sum to 0.1365 g, which is equal to the SPM mass

fluxed into the water at the bottom by -Fo+ksC or the mass fluxed

bottom by vxC-k(dC/dx). S i m i l a r  r e s u l t s  a r e  i l l u s t r a t e d  i n  T a b l e

away from the

14.

1 . 3 CODE-USE DESCRIPTION: 01LSPM3

The mathematical model that describes the interaction

and SPM where SPM is not required to be in excess is coded in

01LSPM3.BAS. The ,,3,, in the code name pertains to the fact

of o i l  d r o p l e t s

BASIC and named

that this model

calculates three changing concentration profi les: oil  droplets,  SPM, and oil-

SPM agglomerate. The mathematics are described in Sect ion 3.1.3 of Payne et

a l . (1989) . This code must be run from a compiled and l inked executable f i le.

T h e  e x e c u t a b l e  f i l e  s h o u l d  b e  a  “ s t a n d - a l o n e ” and not  requ i re  a  run- t ime

l i b r a r y .

Upon r u n n i n g  01LSPM3 b y  t y p i n g  t h e  .EXE f i l e  n a m e ,  t h e  s c r e e n  w i l l

d i s p l a y  a  p r o m p t  a s k i n g  the  u s e r  i f  t h e  p a r a m e t e r s  a r e  t o  b e  “ e d i t e d ”  o r

“ e n t e r e d ” . I t  i s  recommended that  the  user  enter “ed i t ”  because the parameters

s t o r e d  i n  t h e  c o d e  a r e  i n  t h e  r a n g e  o f  i n t e r e s t  o f  e n v i r o n m e n t a l  a p p l i c a t i o n s .

A n y  o f the  d isp layed parameters  can be changed ( i .e . ,  ed i ted)  by  typ ing “yes”

in  response to  the  prompt . Upon enter ing  “yes” , the  parameter  l ine  number  tha t

is  to  be changed is  entered. A f t e r  e a c h  e d i t  t h e  e n t i r e  p a r a m e t e r  l i s t  i s  d i s -

p layed. T h e  c o d e  w i l l  c o n t i n u e  t o  e x e c u t e  o n l y  a f t e r  “ n o ”  i s  e n t e r e d  a t  t h e

parameter -change prompt  as  i l lus t ra ted in  Tab les  15a and 15b. These two tables

405



Table 15a. First (of two) Screen Display of Parameters to be Used in
Calculation, with a Final User Response of “no’{ From 01LSPM3.

INTERACTING OIL DROPLETS AND SP14 C!ALCULATI ON
CODE NAME IS 01LSPk43.13AS, VERSION OF 8-9-88 @ 0643

1. T U R B U L E N T  DIFFUSIVITY,  CM*C!M/S13C = 1.00D+02
2 . O I L  RISING  V E L O C I T Y ,  CM/SEC  = 1.00D-02
3 . OIL-SPM  RATE CONSTANT FOR OIL LOSS, CC/(GM*SEC)  = 9.40D-02
4. O C E A N  DEPTH, METERS = 1.00D+O1
5. NUMBER OF GRID POINTS = 49
6. I N I T I A L  OIL-DISPERSON  F L U X  SZERO, GRM4s/(CM*CM*SEC)  =

1.80D-05
7 . OIL-DISPERSON  GAMMA, l/SEC  = 4.60D-05
8 . MAXIMUM TIME, HOURS = 1 0 . 0 0
9 . PRINT INTERVAL,  HOURS =  0 .500
10. USE STEADY-STATE OIL PROFILE TO START: NO
11. COUPLE THE CONCENTRATIONS: YES
12. COUPLING ITERATIONS = 3

WANT TO CHANGZ ANY? n o
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‘I’able L5b. Second Screen Display of Parameters to be Used in Calculation,
with a Final User Response of “no’; From 01LSPM3.

INTERACTING OIL DROPLETS AND SPIl  CALCULATION
C O D E  N A M E  I S  01LSPM3.BAS,  VERSION OF 8-9-88 @ 0643

1. SPM SETTLING VELOCITY, CM/SEC = 1.00D-03
2. OIL-SPM  AGGLOMERATE SETTLING VELOCITY, CM/SEC = 1.00D-03
3. OIL-SPM  RATE CONSTANT FOR SPM LOSS, CC/(GM*SEC)  = 9.40D-02
4. SPM SOURCE FLUX TERM, GM/(CM”2*SEC)  = 4.60D-05
5. 5PM DEPOSITION RATE CONSTANT, CM/SEC = 4.60D-02
6. USE STEADY-STATE 5PM PROFILE TO START: YES

WANT TO CHANGE ANY? no

TIME FOR UNITY DIMENSIONLESS TIME, HOURS = 2.814D-01

THE TIME STEP WILL BE THE ABOVE TIME! DIVIDED BY 20.000

IS THIS ACCEPTABLE? yes
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i l l u s t r a t e t h e  p a r a m e t e r  i n p u t  l i s t  f o r  OILSPM3. T a b l e  1 5 a  i l l u s t r a t e s  m a i n l y

o i l - r e l a t e d  o p t i o n s and i n t e g r a t i o n  p a r a m e t e r s Such as the number of grid

points . Because OILSPM3 is a numerical integration code, i t  is not possible

just to enter a “time” and then calculate the concentration profi les. The code

must integrate up to a specif ied t ime from an init ial  condition. T h e  i n i t i a l

condition recommended for oil  in the water column is zero ( i .e. ,  oi l  is spil led

a t time = O. This condition is implemented by line 10 in Table 15a, where a

“no” is entered to the prompt: USE STEADY-STATE OIL PROFILE TO START.

The reason this option exists is for material-balance testing calcula-

t ions only . The user should always make sure that line 10 has a response of

“no. “ Material-balance testing is used to make sure the code calculation ac-

counts for all the masses in the water. This  is  d i f f icu l t  in  numer ica l

integrations because mass transfer changes rapidly in the init ial  stages of the

c a l c u l a t i o n  ( i . e . ,  t h e  p r o f i l e s  a r e  q u i t e  s t e e p  i n  t h e  early  s t a g e s  o f

c a l c u l a t i o n . However, if  a “smooth” profi le, such as a steady-state profile,

i s  u s e d  i n i t i a l l y , the early integration errors do not exist;  and for purposes

o f  f i n d i n g  p r o g r a m m i n g  e r r o r s  t h e  c a l c u l a t e d  r e s u l t s  a r e  m u c h  e a s i e r  t o

i n t e r p r e t .

T a b l e  15b i l l u s t r a t e s m a i n l y  S P M  a n d  oil-SPM  a g g l o m e r a t e  r e l a t e d

p a r a m e t e r s  a n d the select ion of the maximum al lowable t ime step to be used in

t h e  Crank-Nicolson  i n t e g r a t i o n . N o t e  t h a t  l i n e  6  i n  t h i s  t a b l e  s p e c i f i e s  t h a t

a s t e a d y - s t a t e S P M  p r o f i l e  i s  u s e d  t o  s t a r t  t h e  c a l c u l a t i o n . In  o ther  words,

o i l  i s  s p i l l e d  i n  w a t e r  t h a t  h a s  s e d i m e n t . The d imens ion less  t ime re fer red  to

in this table is used as a gauge to select a maximum t ime step. Experience has

r e s u l t e d  i n s e l e c t i n g a t ime s tep on the  order  o f  1 /20  o f  th is  d imens ion less

t i m e . It is recommended that at least 20 be entered. However, i f  a  l a r g e r

number  is  en tered,  compute  t ime wi l l  inc rease accord ing ly .

The code execute time is on the order’of  many minutes on a 80286-based

personal computer. If an 8088-based machine is used, expect one-half hour or

longer. The init ial  output is i l lustrated in Table 16 where the code version

is documented and the input parameters for the calculation are also documented.
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‘I’able 16. Initial Output of Problem Parameters for 01LSPM3.

FINITE-DIFFERENCE  SOLUTION FOR INTERACTING OIL  DRW’LETS  AND SJ?P4.

CODE NAME IS  01LSPH3.BAS,  V E R S I O N  I S  8-9-88  @ 0 6 4 3
RUN TIME  WAS 06:42:48,  AND RUN DATE WAS 08-09-1988

PROBLEM PARAMETERS ARE AS FOLLOWS:

VERTICAL TURBULENT DIFFUSIVITY,  CM*CM/SEC  = 100.OO
WATER DEPTH, METERS = 1 0 . 0

OIL  RISING  VELOCITY, CM/SEC = l.ooi%oz
OIL-SPM  RATE CONSTANT FOR OIL LOSS, CC/(GM*SEC)  = 9.400D-02
OIL DISPERSION RATE, GM/(CM*CM*SEC) = (0.18D-04)*Exp(  (-o.46D-04)  *SECONDS)

SPM SETTLING VELOCITY, CM/SEC = 1.00D-03
OIL-SPM  RATE CONSTANT FOR SPM LOSS, CC/(GM*sEc)  = 9.40D-02
SPM BOTTOM SOURCE FLUX, GM/(CM”2*SEC)  = 4.60D-05
sPM DEPOSITION RATE CONSTANT, CM/sEc  = 4.60D-02

OIL-SPM  AGGLOMERATE SETTLING VELOCITY, CM/SEC = 1.00D-03

TIME  STEP, HOURS = 5.62D-03,  I N T E G R A T I O N  TIME,  HOURS = 10.00
SPECIFIED PRINT INTERVAL, HOURS = 0 . 5 0 0

THE INITIAL OIL  WATER-COLUMN LOADING, GRAMS = 0.000D+OO
THE INITIAL SPk4 WATER-COLUMN LOADING, GRAMS = 9.950D-01

409



T a b l e  1 7 a  p r e s e n t s  t h e  c a l c u l a t e d

agglomerate c o n c e n t r a t i o n p r o f i l e s  a t  0 . 5

t o t a l  m a t e r i a l  b a l a n c e  f o r  t h e s e  s p e c i e s .

c l o s e t o  0 , 0 0 1  gm/cm3 because of the values

o i l - d r o p l e t , S P M  a n d  oil-SPM

hour ,  and Tab le  17b presents  the

The SPM concent ra t ion  pro f i le  i s

se16cted  for the SPM source f lux—

[ a t  4 . 6  x  1 0- 5  gm/(cm2
-2

see)] and the SPM deposition rate constant (4.6 x 10
-5

cm/see). T h e  o i l - d r o p l e t  c o n c e n t r a t i o n  p r o f i l e  r a n g e s  f r o m  7.8  x 10 gm/cm3

( 7 8  p p m )  a t  t h e  s u r f a c e  t o  O  a t  t h e  b o t t o m .  T h e  z e r o  c o n c e n t r a t i o n  a t  t h e

b o t t o m  i s  a n imposed boundary  cond i t ion  and essent ia l l y  resu l ts  in  an upper

bound flux of oil to the. bottom. L i k e w i s e , t h e  oil-SPM  a g g l o m e r a t e

concent ra t ion  is O at the bottom.

T a b l e  17b - i l l u s t r a t e s  t h e  t o t a l  m a t e r i a l  b a l a n c e  c a l c u l a t i o n  f o r  t h e

t h r e e t r a n s p o r t i n g spec ies . N o t e  t h a t  t h e  o i l  f l u x e d  i n t o  t h e  w a t e r  a t  t h e

sur face is  0 .03109 g ,  wh i le  the  ca lcu la t ion  accounted for  0 .03091 g  as  o i l  tha t

was i n  t h e  w a t e r ,  l o s t  a t  b o t t o m  ( t r a n s p o r t e d  t o  t h e  b o t t o m ) ,  a n d  l o s t  t h r o u g h

r e a c t i o n . T h i s  d i f f e r e n c e  s h o u l d  b e  z e r o ;  i t  i s  n o t  b e c a u s e  o f  n u m e r i c a l

i n t e g r a t i o n  e r r o r s and can be made smaller by decreasing the  grid spacing, the

t ime s t e p , o r  b o t h . T h e  SPM m a t e r i a l  b a l a n c e c loses by  account ing  fo r

0.9950 g, and the oil-SPM  agg lomerate  a lmost  c loses by  account ing  fo r  0 .004827

g in t h e  w a t e r and los t  to  the  bot tom compared to  0 .004825 g  produced by

r e a c t i o n . C l o s i n g  t h e s e m a t e r i a l  b a l a n c e s t o  f o u r  s i g n i f i c a n t  d i g i t s  i s

c o n s i d e r e d  r e a s o n a b l e  g i v e n t h e  a s s u m p t i o n s a n d  l i m i t a t i o n  o f  t h e  d a t a  a n d

c a l c u l a t i o n .

T h e  o i l - d r o p l e t , SPM and oil-SPM  agg lomerate  concent ra t ion  pro f i les

and to ta l  mater ia l  ba lance a t  10  hr  are  presented,  in  Tab les  18a and 18b. Note

t h a t  t h e  t i m e  a t  t h e  e n d  o f  t h e  c a l c u l a t i o n  w a s  7:34  a n d  t h e  s t a r t  t i m e  6:42

f o r  a n  i n t e g r a t i o n  t o  1 0  h r  w i t h  a  t i m e - s t e p  s i z e  o f  0 . 0 0 5 6 2  h r  o n  a  g r i d  s i z e

o f  2 0 . 8 3  c m  ( o v e r  1 0  m; 5 1  g r i d  p o i n t s  i n c l u d i n g  1 g r i d  p o i n t  o u t s i d e  e a c h

boundary f o r  c e n t r a l  d i f f e r e n c e s ) . T h e  S P M - c o n c e n t r a t i o n  p r o f i l e  i s  s t i l l

c l o s e t o  0 . 0 0 1  gm\cm3 and the o i l -d rop le t  ‘ concent ra t ion  var ies  f rom 3.159 x

1 0 -5 (32 ppm) at the  sur face to  O a t  the  bot tom. T h i s  c o n c e n t r a t i o n  i s  d e -

c r e a s i n g  f r o m  t h e  0.5-hr  va lue  because the  o i l -d ispers ion source term is  a
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Table 17a. Calculated Oil-Droplet SPM and Oil-SPM Agglomerate Profiies at
0.5 Hour From 01LSPM3.

FINITE-DIFFERENCE SOLUTION FOR INTERACTING OIL DR0@LET9 AND SPFt.

C O D E  NAME IS 01LSPt43.BAS,  VERSION IS  8-9-08 @ 0 6 4 3
RUN TIME  WAS 06:42:48,  AND RUN DATE WAS 08-09-1988

CONCENTRATION PROFILES AT TIME = 0.500 HOURS

DEPTH
(CM)

0.000D+OO
2.083D+01
4.167D+01
6.250D+01
8.333D+01
1.042D+02
1,250D+02
1.458D+02
1,667D+02
1.875D+02
2.083D+02
2.292D+02
2.500D+02
2.708D+02
2.917D+02
3.125D+02
3.333D+02
3.542D+02
3.750D+02
3.958D+02
4.167D+02
4.375D+02
4.583D+02
4.792D+02
5.000D+02
5.208D+02
5.417D+02
5.625DI-02
5.833D+02
6.042D+02
6.250D+02
6.458D+02
6.667D+02
6.875D+02
7.083D+02
9.292D+02
7.5@OD+02
7.708D+02
7.917D+02
8.125D+02
8.333D+02
8.542D+02
8.750D+02
8.958D+02
9.167D+02
9.375D+02
9.583D+02
9.792D+02
1.000D+03

OIL CONC
( G14/CC  )

7.832D-05
7.476D-05
7.131D-05
6.798D-05
6.476D-05
6.164D-05
5.864D-05
5.574D-05
5.294D-05
5.025D-05
4.765D-05
4.516D-05
4.276D-05
4.045D-05
3.824D-05
3.612D-05
3.408D-05
3.213D-05
3.027D-05
2.848D-05
2.677D-05
2.514D-05
2.358D-05
2.21OD-O5
2.068D-05
1.932D-05
1.803D-05
1.680D-05
1.562D-05
1.450D-05
1.343D-OS
1.241D-05
1.144D-05
1.051D-05
9.622D-06
8.773D-06
7.959D-06
7.178D-06
6.428D-06
5.705D-06
5.007D-06
4.331D-06
3.674D-06
3.035D-06
2.41OD-O6
1.797D-06
1.192D-06
5.942D-07
0.000D+OO

SP14 CONC
( GWCC  )

9.856D-04
9.858D-04
9.860D-04
9.863D-04
9.865D-04
9.868D-04
9.871D-04
9.874D-04
9.877D-04
9.880D-04
9.883D-04
9.886D-04
9.889D-04
9.892D-04
9.895D-04
9.899D-04
9.902D-04
9.905D-04
9.908D-04
9.911D-04
9.915D-04
9.9L8D-04
9.921D-04
9.924D-04
9.928D-04
9.931D-04
9.934D-04
9.937D-04
9.940D-04
9.943D-04
9 . 9 4 6 0 - 0 4
9.949D-04
9.952D-04
9.955D-04
9.957D-04
9 . 9 6 0 0 - 0 4
9.963D-04
9.966D-04
9.968D-04
9.971D-04
9.974D-04
9.976D-04
9.979D-04
9.981D-04
9.983D-04
9.986D-04
9.988D-04
9.990D-04
9.992D-04

$ * * * * * * * * * * * * * * * * * * * * * * * * * *

OIL-SP14  CONC
( Gt4/CC  )

8.807D-06 (SURFACE)
8.792D-06
8.747D-06
8.675D-06
8.578D-06
8.459D-06
8.320D-06
8.163D-06
7.990D-06
7.803D-06
7.605D-06
7.396D-06
7.179D-06
6.954D-06
6.724D-06
6.490D-06
6.252D-06
6.013D-06
5.772D-06
5.531D-06
5.291D-06
5.052D-06
4.816D-06
4.5810-06
4.350D-06
4.123D-06
3.899D-06
3.680D-06
3.465D-06
3.254D-06
3.04$30-06
2.847D-06
2.651D-06
2.4590-06
2.271D-06
2.088D-06
1.91OD-O6
1.735D-06
1.564D-06
1.397D-06
1.233D-06
1.073D-06
9.143D-07
7.584D-07
6.044D-07
4.5190-07
3.006D-07
1.501D-07
0.000D+O13 ( BOTTOM)
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Table 17b. Total Material Balance for Oil-Droplets, SPM and OiLSPM
Agglomerate at 0.5 Hour From 01LSPM3.

MATERIAL  BALANCE INFORMATION ( FOR 1 CM*C14 COLUMN OF WATER) :

OIL IN THE WATER COLUMN, GRAMS = 2.68SD-02
OIL LOST TO THE BOTTOM, GRAMS = 1 . 6 1 2 0 - 0 3
OIL  LOST THROUGH REACTION WITH SPM, GRAMS = 2.413D-03

OIL IN WATER + LOST AT BOTTOM + LOST THROUGH REACTION, GRAMS = 3.091D-02
OIL FLUXED INTO WATER + INITIAL LOADING, GRAMS = 3.109D-O2

SPN (UNATTACHED) IN  THE WATER COLUMN, GRAMS = 9.926D-01
SPM LOST THROUGH REACTION WITH OIL$  GRAMS = 2.413D-03

SFV4 IN WATER + LOST THROUGH REACTION, GRAMS = 9.950D-01
SPM FLUXED INTO WATER AT BOTTOM + INITIAL LOADINGt GRAMS = 9e950D-ol

OIL-SPM  AGGLOMERATE IN THE WATER COLUMN, GRAMS = 4.496D-03
OIL-SPM  AGGLOMERATE FLUXED TO THE BOTTO14~  GRAMS = 3e3091k04

OIL-SPM  IN WATER + LOST TO BOTTOM, GRAMS = 4.827D-03
OIL-SPM AGGLOMERATE PRODUCED B!f REACTION, GRAMS = 4.825D-03

VECTOR CONVERGENCE, OIL = 3.06D-14,  SP14 = 6.01!%15  ON 3 ITERATIONS.
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Table 18a. Calculated Oil-Droplet, SPM and Oil-SPM Agglomerate Profdes at
10 Hours From OILSPM3.

FINITE-DIFFSRENCB SOLUTION FOR INTERACTING OIL DROPLETS AND SPt4.

CODE NA14R  IS 01LSPM3.BAS, VERSION IS 8-9-88 @ 0643
RUN l’If4R WAS 06:42:48,  AND RUN DATE WAS 08-09-1988

CONCENTRATION PROFILES AT TI14E = 10.000 HOURS

DEPTH
(CM)

0.000D+OO
2.083D+01
4.167D+01
6.250D+01
8.333D+01
1.042D+02
1.250D+02
1.458D+02
1.667D+02
1.875D+02
2.083D+02
2.292D+02
2.500D+02
2.7138D+02
2.917D+02
3.125D+02
3.333D+02
3.542D+02
3.750D+02
3.958D+02
4.167D+02
4.375D+02
4.583D+02
4.792D+02
5.000D+02
5.208D+02
5.417D+02
5.625D+02
5.833D+02
6.042D+02
6.250D+02
6.458D+02
6.667D+02
6.875D+02
7.083D+02
7,292D+02
7.500D+82
7.7080+02
7.917D+02
8.12SD+02
8.333D+02
8.542D+02
8.750D+02
8.9580+02
9.167D+02
9.375D+02
9.583D+02
9.792D+02
1.000D+03

OIL CONC
( G14/CC )

3.159D-05
3.081D-05
3.004D-05
2.927D-05
2.852D-05
2.777D-05
2.702D-05
2.629D-05
2.556D-05
2.483D-05
2.411D-05
2.340D-05
2.269D-05
2.199D-05
2.130D-05
2.061D-05
1.992D-05
1.924D-05
1.857D-05
1.790D-05
1.723D-05
1.657D-05
1.591D-05
1.526D-05
1.461D-05
1.397D-05
1.333D-05
1.269D-05
1.206D-05
1.143D-05
1.081D-05
1.019D-05
9.566D-06
8.950D-06
8.337D-06
7.727D-06
7.120D-06
6.515D-06
5.913D-06
5.313D-06
4.715D-06
4.l19D-06
3.526D-06
2.934D-06
2.344D-06
1.756D-06
1.169D-06
5.839D-07
0.000D+OO

SP14 CONC
( GM/CC)

9.366D-04
9.368D-04
9.371D-04
9.373D-04
9.375D-04
9.378D-04
9.381D-04
9.384D-04
9.387D-04
9.390D-04
9.393D-04
9.396D-04
9.400D-04
9.403D-04
9.407D-04
9.411D-04
9.415D-04
9.4L9D-04
9.423D-04
9 . 4 2 7 0 - 0 4
9.432D-04
9.436D-04
9.441D-04
9.445D-04
9.450D-04
9.455D-04
9.460D-04
9.465D-04
9.470D-04
9.475D-04
9.480D-04
9.485D-04
9.490D-04
9.496D-04
9.501D-04
9.507D-04
9.512D-04
9.518D-04
9.523D-04
9.529D-04
9.535D-04
9.541D-04
9.546D-04
9.552D-04
9.558D-04
9.564D-04
9.570D-04
9.576D-04
9.582D-04

***************************

OIL-9PM CONC
( GM/CC)

2.168D-05 (SURFACE)
2.167D-05
2.163D-05
2.157D-05
2.148D-05
2.136D-05
2.121D-05
2.I05D-05
2.086D-05
2.064D-05
2.040D-05
2.014D-05
1.986D-05
1.955D-05
1.923D-05
1.888D-05
1.851D-05
1.813D-05
1.773D-05
1.731D-05
1.687D-05
1.641D-05
1.594D-05
1.546D-05
1.496D-05
1.444D-05
1.391D-05
1.337D-05
1.282D-05
1.225D-05
1.167D-05
1.108D-O5
1.048D-05
9.876D-06
9.259D-06
8.633D-06
7.999D-06
7.358D-06
6.711D-06
6.057D-06
5.398D-06
4.734D-06
4.066D-06
3.394D-06
2.719D-06
2.042D-06
1.362D-06
6.8140-07
0.000D+OO ( BoTTon )
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Table 18b. Total Material Balance for Oil-Droplets, SI?M and Oil-SPM
Agglomerate at 10 Hours From 01LSPM3.

MATERIAL BALANCE INFORMATION (FOR 1 CM*CM COLUMN OF WATER):

OIL IN THE WATER COLUMN, GRAMS = 1.501D-02
OIL LOST TO THE BOTTOM, GRAMS = 2*O01D-01
OIL  LOST THROUGH REACTION WITH SPM, GRAMS = 1.013D-01

OIL IN WATER + LOST AT BOTTOM + LOST THROUGH REACTION, GRAMS = 3.164D-01
OIL FLUXED INTO WATER + INITIAL LOADING, GRAMS = 3.166D-01

SPM (UNATTACHED) IN THE WATER COLUMN, GRAMS = 9.458D-01
SPM LOST THROUGH REACTION WITH OIL, GRAMS = 1.013D-01

SPM IN WATER + LOST THROUGH REACTION, GRAMS = 1.047D+O0
SPM FLUXED INTO WATER AT BOTTOM + INITIAL LOADING, GRAMS = 1.047!3+00

OIL-SPM  AGGLOMERATE IN THE WATER COLUMN, GRAMS = 1.358D-02
OIL-SPM  AGGLOMERATE FLUXED TO THE BOTTOM, GRAMS = 1.890D-01

OIL-SPM  IN WATER + LOST TO BOTTOM, GRAMS = 2.026D-01
OIL-SPM  AGGLOMERATE PRODUCED BY REACTION, GRAMS = 2.025D-01
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VECTOR CONVERGENCE,  O IL  =  9.98D-16~  SP14 = 6.55D-16  oN ~ ITERATIONS*

END OF RUN WAS 07:34:47



decaying exponential. The oil-SPM  agglomerate concentration varies from 2.168

x  1 0 - 5  gm/cm3 Eo O; also, note this oil-SPM  agglomerate  concentrat ion(s)  is

higher than the 0.5-hr value because the oil-SPM  agglomerate has been produced

over the 9.5 hr  in terva l .

The total material  balance at 10 hours presented in Table

crates that numerical integration errors improve (i .e.  ,  decrease) as

18b illus-

the calcu-

l a t i o n “ s t e p s o u t ”  i n t i m e . Note  tha t  the  o i l  pu t  in to  the  water  f rom the

s u r f a c e is  0 .3166 g  wh i le  the  ca lcu la t ion  accounts  fo r  0 .3164 g . The mater ia l

b a l a n c e s  f o r  t h e  o t h e r  t w o  s p e c i e s  c l o s e  t o  f o u r  d i g i t s .

T h e  v e c t o r convergence numbers that appear at the end of each of the

m a t e r i a l  b a l a n c e  c a l c u l a t i o n s  a r e t h e  a v e r a g e  f i n a l  e r r o r s  i n  t r i a l  v e c t o r s

u s e d  i n t h e c a l c u l a t i o n . I n  o t h e r  w o r d s ,  to  s o l v e  f o r  a n  o i l - d r o p l e t

c o n c e n t r a t i o n p r o f i l e , t h e  S P M  c o n c e n t r a t i o n  ( v e c t o r )  m u s t  b e  “ g u e s s e d . ”

L i k e w i s e ,  t o s o l v e f o r  t h e  SPM-concentration  p r o f i l e  t h e  o i l - d r o p l e t

c o n c e n t r a t i o n ( v e c t o r ) must be guessed. T h e  a v e r a g e  e r r o r  i n  t h e

c o n c e n t r a t i o n s i s  p r i n t e d  t o i n d i c a t e  h o w  w e l l  ( o r  n o t )  t h e  c a l c u l a t i o n

proceeded. For

and “ c a l c u l a t e d ”

for SPM, which is

the case i l lus t ra ted here  the average er ror  between “guessed”

concent ra t ions  is  9 .9  x  10-16 g/cm3 for  o i l  and 6 .55 x  10 -16

c o n s i d e r e d  s u f f i c i e n t l y  s m a l l .

1.4 CODE LIMITATIONS AND PERSPECTIVE

An impor tant aspect of the three calculations described here is that

they are one dimensional. For the sample problems discussed, a water-column

d e p t h  o f 10 m is  used wi th  an area ( top  or  bo t tom)  o f  1  cm4, N o t e  t h a t  i f

0.5 cm of oil is spilled and this o i l  t r a n s p o r t s  i n t o  t h e  w a t e r ,  t h e  o i l

d r o p l e t c o n c e n t r a t i o n couId  b e  0.4gm/1000cm3 or 400 ppm i f  t h e r e  a r e  n o

o i l - l o s s mechanisms. F o r  t h e  c a s e where  o i l  i s  removed a t  the  bot tom the

r e s u l t i n g  c o n c e n t r a t i o n s  w i l l  b e  l o w e r . C l e a r l y  t h i s  o i l  c o n c e n t r a t i o n  i s  m u c h

h i g h e r than ever  observed in  the ocean. The main  reason for  no t  p red ic t ing  a

lower  o i l  c o n c e n t r a t i o n  i s  t h a t  t h e  o n e - d i m e n s i o n a l  calculation  d o e s  not
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consider h o r i z o n t a l d i s p e r s i o n  o r  s p r e a d i n g  o f  t h e  o i l . Thus , the

one-dimensional calculations are conservatively too high. Then the question

a r i s e s : What good are the calculations?

Besides prov id ing upper  bound es t imates  o f  concent ra t ions ,  these ca l -

cu la t ions  a lso  prov ide an es t imate  o f  the  t ime requ i red fo r  th ings  to  happen in

t h e  w a t e r  c o l u m n . !41s0 , t h e  s e n s i t i v i t y  o f  t h e  i n p u t  p a r a m e t e r s  c a n  b e  i n v e s -

t i g a t e d t o  l e a r n  w h a t  i s  o r  i s  n o t  i m p o r t a n t  w i t h  r e s p e c t  t o  a  s p e c i f i c  o b j e c -

t ive. For example, the  o i l  depos i t ion  mechan isms are  the  boundary  cond i t ions

a t the bottom for the oi l  and the oil-SPM  agg lomerate ,  and the r e l a t i v e  i m p o r -

tance of these two processes can be investigated with respect to the parameters

that  w i l l  a f fec t  them ( i .e . ,  o i l  r ise  ve loc i ty ,  oil-SPM  reac t i on  ra te ,  and  oil-

SPM sett l ing velocity).

These c a l c u l a t i o n s  ( c o d e s )  a r e not  u s a b l e  b y  i n t e r f a c i n g  t h e m  w i t h

o t h e r c o d e s  ( i . e . ,  w i t h  a n o c e a n  c i r c u l a t i o n  c o d e ) . The on ly  par t  o f  the

c a l c u l a t i o n  t h a t  i s u s a b l e  i s  t h e  oil-SPM  r e a c t i o n  r a t e  t h a t  i s  o f  t h e  f o r m :

Clccs . T h i s  r e a c t i o n  r a t e  i s  w r i t t e n  o n a per -un i t  vo lume bas is ,  and an

o c e a n - c i r c u l a t i o n  model  in  th ree d imens ions  must  then in tegra te  th is  express ion

f o r  t h e  l o s s  o f  o i l , loss of SPM, and product ion of oil-SPM  a g g l o m e r a t e .  T h u s ,

t h e  r e l a t i v e l y  s i m p l e  r e a c t i o n  r a t e  e x p r e s s i o n  i s  q u i t e  d i f f i c u l t  t o  u s e  i n  a n

env i ronmenta l s i t u a t i o n , if for no o t h e r reason t h a n  t h e  e n v i r o n m e n t a l

s i t u a t i o n s  o f  i n t e r e s t  a r e  t h r e e  d i m e n s i o n a l .
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APPENDIX A

CODE LISTING FOR OILSPMXS,BAS
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ioo  ~E~DBf,  A-H,K-z
.::  ?E1’1 THIS CCDE SOLVES THE AD’JECTION-DISPERSION EQUATION FOR OIL
‘“  ?EM DROPS WITH EXCESS SPM AND FIRST-ORDER REACTION LOSS.. . ”
.~d dIM BETA(50),C(  50),xDEpTH  (50),PT(50),C0SR(  50),SINR(50)
:40  DIM EXPTERM( 50),CONTERf’t(50 ), MASTERM( 50),REATERM( 50),FLXTERli(501
1 5 0  DIH ICHECK(50)
160 PIE=3.14159265361t
170 PIE2=PIE/2#
190 TOFS=CHRS(12)
130 CODES=’’OILSPMXS .BAS”
200 VERS=’’8-3-88  @ 0718”
210 RTIFfE$=TIMES
220 RDATES=DATES
230 REM ITIME=l
240 REM EBIG IS THE MAXIMUM ARGUMENT AN EXPONENTIAL IS ALLOWED TO BE
250 EBIG=30#
260 VXIN=.OO1# :K=lOOt:L=lO#  :RERROR=a OOOOOl#:GA14MA= .0000461$
270 ALPHA= .00094#:N2ERO=  .000018#  :NROOT=25:IEx=27  :ANls=tl’fEs’f
280 HEADS=’’PRE-LOADED PARAMETER TEST CASE”
290 CLS
300 GOSUB 4020
310 PRINT:INPUT’’WANT TO EDIT OR ENTER INPUT PARAMETERS “;AN2$
320 TEST2S=LEFTS(AN2S,2)
330 IF TEST2S=’’ED” GOTO 560
340 IF TEST2S=’’ed”  GOTO S60
350 PRINT:INPUTWENTER AN IDENTIFICATION LINE: “;HEADS
360 PRINT: INPUT’’ENTER THE OIL-DROP RISE VELOCITY, CWSEC (TRY -0.001) “;VX
370 REM SEE THE LETTER TO MAURI PELTO FROM BRUCE KIRSTEIN,  28 JULY 1987
380 REM FOR THE VERTICAL TURBULENT DIFFUSIVITY
390 PRINT: INPUT”ENTER” THE TURBULENT DIFFUSIVITY,  CWC14/SEC (TRY 100) “;K
400 PRINT: INPUT’’ENTER THE DEPTH, METERS (TRY 10.0) “;L
410 PRINT: INPUT’’ENTER THE NUMBER OF ROOTS TO BE DETERMINED (TRY 25) ‘;?4ROOT
420 PRINT:PRINT’’ENTER THE ERROR LIt41T  FOR THE ROOTS (TRY 1.OD-06)  “;
430 INPUT RERROR
440 RE14 SEE THE LETTER TO DAVE LX(J FROM BRUCE KIRSTEIN,  I-JULY-83 FOR
450 REM CALCULATION OF THE DISPERSION RATE CONSTANTS
460 PRINT: INPUT’’ENTER THE EXPONENTIAL FLUX TERM, l/SEC  (TRY 4.6D-05)  “;GAMJ4A
470 PRINT:PRINTWENTER THE INITIAL OIL FLUX, GRAF1/(Ct4*Ct4*SEC) (TRY 1.8D-05)  “;
480 INPUT NZERO
490 PRINT:PRINT”ENTER THE DISAPPEARANCE RATE CONSTANT, l/SEC (TRY 0.00094) “;
500 INPUT ALPHA
510 PRINT:INPUT”ENTER  THE NUMBER OF DEPTH VALUES TO EVALUATE (TRY 29) “;IEX
520 IF IEX<50 GOTO 550
530 PRINT:PRINTWNUMBER OF DEPTH VALUES MUST BE LESS THAN 50, RE-ENTER.”
540 GOTO 510
550 PRINT:INPUT’’WANT TO PRINT THE ROOTS (SAY NO) “;AN19
560 CLS
570 GOSUB 4020
580 PRINT:PRINT”l. RISE VELOCITY, Ct4/SEC = ‘;VXIN
590 PRINT”2. TURBULENT DIFFUSIVITY,  CM*CM/SEC = “;K
600 PRINT”3. DEPTH, METERS = “;L
610 PRINT”4. NUMBER OF ROOTS = “;NROOT
620 PRINTW5. ROOT ERROR LIMIT  = “;
630 PRINT U91NG”## .###”-”-w;RERROR
640 PRINT”6. EXPONENTIAL FLUX TERM, l/SEC = “;
650 PRINT USINGw##  .###”--”w;GAflHA
6 6 0  PRINT”7. INITIAL OIL FLUX, GRAM/(CM*CM*SEC] = ‘$;
670 PRINT USING”iI#  .###-A-”’’;NZERO
680 PRINT’*8. DISAPPEARANCE RATE CONSTANT, l/SEC = ‘G;
690 PRINT USING”ll#.### ‘---’’;A~PHA
7 0 0  PRINT”9. NUt4BER  OF DEPTH VALUES = “;IEX
710 PRINT”10.  PRINT THE ROOTS? “;ANIS
7Z0 pRINT:INpuT!~f#ANT  TO  CHANGE ANYW;AN$
730 TESTS=LEFTS(AN$, l)
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’411 1? T E S T  S=”N”  Q3T0 ’380
:-, ; IF TEST S=”n” GOTO 980
~bo PRINT: INPUT’’ENTER THE LINE NUMBER TO BE CHANGED’’;IL
l;~ ON [L GOTO 780,800,820,840,860 ,880,900,920,940,960
’30 PRINT: INpUT’’ENTER THE RISE vELOCITY,  CM/SEC “;VXIN
73o GO’I’0  5 6 0
doo PRINT: INPUT’’ENTER THE TURBULENT DIFFUSIVITY,  C14*Ci4/SEC “;K
d10 GOTO 560
820 PRINT: INPUT’’ENTER THE DEPTH, METERS “;L
.J](] GOTO 560
340 PRI!4T: INPUT’’ENTER THE NUMBER OF ROOTS TO BE DETERMINED “;NROOT
850 COTO 560
360 PRINT: INPUT’’ENTER THE ERROR LIMIT FOR THE ROOTS “;RERROR
870 GOTO 580
380 PRINT: INPUT’’ENTER THE EXPONENTIAL FLUX TERM, l/SEC “;GAMMA
990 GOTO S60
’300 PRINT: INPUT’’ENTER THE INITIAL OIL FLUX, GRAkl/(CM*CM*SEC) “;NZERO
910 GOTO 560
920 PRINT:INPUT”ENTER THE DISAPPEARANCE RATE CONSTANT, l/SEC “;ALPHA
’330 GOTO 560
940 PRINT:INPUTWENTER THE NUt4BER OF DEPTH VALUES TO EVALUATE “;IEX
’350 GOTO 560
960 PRINT:INPUT”WANT TO PRINT THE ROOTS? “;AN1$
970 GOTO 560
380 RE14 BEGIN THE CALCULATION
990 TEST1$=LEFTS (ANIS,L)
1000 LCM=100#*L
1010 LcM2=LcM*Lcf4
1020 VX=-VXIN
1030 A=vx/(2#*K)
1o40 A2=A*A
1050 AL=A*LCM
1060 AL2=AL*AL
1070 EAL=EXP(AL)
1080 EMAL=l#/EAL
1090 vx2=vx/2#
1100 vxLK=vx*LcM+2#*K
1110 K2=2i?*K
1120 IEARLY=l
1130 IPAGE=O
1140 GOSUB 4070
1150 LPRINT:LPRINT”THIS  CODE SOLVES THE TRANSIENT ADVECTION-DISPERSIONW;
1160 LPRINT”  EQUATION FOR”
1170 LPRINT”OIL  DROPLETS WITH FIRST-ORDER REACTION LOSS.”
1180 LPRINT:LPRINT”PROBLEM IDENTIFICATION: “;HEAD$
1190 LPRINT:LPRINTWOIL  DROPLET RISE VELOCITY = “;VXIN;
1200 LPRINT”  C M / S E C ,  D E P T H  = “ ; L ;
1210 LPRINT”  METERS”
1 2 2 0  LPRINT:LPRINT”TURBULENT DIFFUSIVITY  = “;K;
1230 LPRINT”  CM*CM/SECw
1240 LPRINT:LPRINT”ERROR LIMIT FOR THE ROOTS = “;
1250 LPRINT USING”## .###---””;RERROR
1260 LPRINT:LPRINT”VX*L/(2*K  1 = “;
1270 LPRINT USING”##  .08B””””n;AL;
1 2 8 0  LPRINTW UNITLESSW
1290 IF  TEST1$=”N”  GOTO 1350
1300 IF TESTIS=”n”  GOTO 1350
1310 LPRINT:LPRINT”THE “;
1320 LPRINT USING”BO”;NROOT;
1330 LPRINT”  ROOTS OF F(BETA.I = BETA*COTANGENT(BETA) + VX*L/(2*K)”
1340 LPRINT:LPRINT” ROOT F ( BETA) ERROR CODE”
1350 FOR I = 1 TO NROOT
1360 [CHECKII)=l
1370 XR=PIE*CDBL(I)
1380 XL=XR-PIE
1390 FOR IHALF = 1 TO 50
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i~~) X=(XL+XR)/2#
L+LI  FX=X*COSIX!/SIN(X)+AL
1420 TEST=ABS(FX)
1430  IF TEST<RERROR GOTO L5L0
1440 IF FX>O# GOTO 1470
1450 XR=X
1460 GOTO 1480
1470 XL=X
14d0 NEXT IHALF
1490 ICHECK(I)=2
1500 REM STORE CONVENIENT FORMS OF THE ROOTS
1510 x2=x*x
1520 BETA(I)=X
1530 ExPTER14(I)=ALPHA+K*(A2+x2/LcM2  )
1540 COSR(I)=COS(X)
1550 SINR([)=SIN(X)
1560 REM SEE PAGE 15 FOR THE SERIES CONCENTRATION TERM
1570 CONTERM(I)=X/((GAMt4A-EXPTERM( I)  )*(vxLK*COSR(  I)-K2*X*SINR(  I)))
1580 REM SEE PAGE 42 FOR THE SERIES MASS-IN-WATER TERM
1590 IIASTER14( I)=X*CONTERM(I)*(  1#-E14AL*(AL*SINR(I)/X+COSR(  1)))/(X2+AL2)
1600 REM SEE PAGE 43 FOR THE SERIES MASS-LOST-BY-REACTION TERM
1610 REATER14(I)=MASTER14(I)/EXPTEEU4( I)
1620 REM SEE PAGE 33 FOR THE SERIES MASS-LOST-AT-THE-BOTTOM TERM
1630 FLXTERM(I)=X*CONTERM(I)/EXPTERt4(  I)
1640 IF TESTI$=’’14W GOTO 1710
1650 LPRINT TAB(S);
1660 LPRINT USING”## .#(t#--”-”;BETA(I  );
1670 LPRINT TAB[19);
1680 LPRINT USING”##  .###---””;FX;
1690 LPRINT TAB(36);
1700 LPRINT USINGnP#”;  ICHECK(I)
1710 NEXT I
1720 LPRINT:LPRINT”EXPONENTIAL  FLUX TERM = “;
1730 LPRINT USINGw## .###----”;GAM14A;
1740 LPRXNT” l/SEC”
1750 LPRINT:LPRINTWINITIAL  OIL FLUX = “;
1760 LPRINT USINGwll# .###-”-”N;NZERO;
1770 LPRINT”  GRAMS/(CM*CM*SEC)”
1780 LPRINT:LPRINTNFIRST  ORDER DISAPPEARANCE RATE CONSTANT, l/SEC = “;
1790 LPRINT USING”llS  .###”””””;ALPHA;
1800  LPRINT”  I/SECn
1 8 1 0  NzL=4#*NzERo*K/LcM
1820 REM SEE PAGE 25 OF THE DERIVATION NOTES FOR ZETA-BAR.
1830 ALPHAK=ALPHA/K
1840 GAMHAK=GAH14AIK
1850 REM ZGAMMA2 IS ZETA-BAR SQUARED ON PAGE 25.
1860 ZGA14HA2=A2+ALPHAK-GAf4MAK
1870 RE14 THIS ZERO-SWITCH WAS INSTALLED 8-3-88, TO REMOVE, JUST REMOVE
1880 RE14 THE REH’S DOWN TO ZGAM14A2=O@
1890 IF  ABS{ZGAt414A2]<lD-20 THEN ZGA!4!4A2=O0
1 9 0 0  REM PRINT:PRINTWZGA14MA2 = “;
1910 REM PRINT USING”##  .######-”--”;  ZGAMMA2
1920 REM PRIMT:INPUT”WANT TO ZERO IT (YES IF LESS T H A N  1.OD-20)  “;AN$
1930 REM TEST$=LEFTS(ANS, l)
1940 REM IF TEST$=”N”  GOTO 1940
1950 REM IF TEST$=”n”  GOTO 1940
1960 REM ZGAt4MA2=O#
1970 RE14 SET THE ZETA-BAR SWITCH FOR REAL (=1),  REAL ‘A’ WHICH t4EANS
1980 REM THAT GAMMA=ALPHA  (=2), IMAGINARY (=3),  OR A HARD ZERO (=4)
1990 REM SEE PAGES 25-27 FOR THE SPECIAL CASES OF ZETA-BAR.
2000 IF ZGAMMA2<>O# GOTO 2030
2010 IZBAR=4
2020 GOTO 2170
2030 IF ALPHA<>GAt4MA GOTO 2070
2040 IZBAR=2
2050 ZGAMMA=A
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:360  GOTO 2140
:;70 IF  ZGAMMA2>O# G O T O  2 1 0 0
2J30 [zBAR=3
21390 GOTO 2120
2 1 0 0  IzBAR=l
2110 GOTO 2130
2120 ZGAIO’IA2=-ZGAIIUA2
2130 zGAf4/4A=SQR(2Gld4HA21
2140 ARG=ZGAMIA*LCM
2 1 5 0  COSZ=COS(ARG)
2 1 6 0  SINZ=SIN(ARG)
2170 ON IZBAR GOTO 2180,2200,2220,2240
2180  LPRINT:LPRINT’’ZETA-SAR  IS REAL ( <> VX/(2*K)  )“;
2190 GOTO 2260
2200 LPRINT:LPRINT”ZETA -BAR IS REAL ( = VX/(2*K)  )“;
2210 GOTO 2260
2220 LPRINT:LPRINT”ZETA-BAR IS IMAGINARY”;
2230 GOTO 2260
2240 LPRINT:LPRINT”ZETA-BAR IS EQUAL TO ZERO”;
2250 GOTO 2290
2260 LPRINT”  AND EQUAL TO “;
2270 LPRINT USING”D# .#@#”-”-w;  ZGA14MA;
2280  LPRINT”  l/CMn;
2 2 9 0  LPRINT”  (IZBAR =“;
2300 LPRINT USING”##”;IZBAR;
2310 LPRINT”)”
2320 ON IZBAR GOTO 2330,2330,2390,2410
2330 EXP1=EXP(ARG)
2340 EXP2=1#/EXP(ARG)
2350 SINH=(EXP1-EXP2)/20
2360 COSH=(EXPl+EXP2)./2ll
2370 LTERM=NZERO/(VX2*SINH+K*ZGAFI)4A*COSH)
2380 GOTO 2420
2390 LTERM=NZERO/(VX2*SINZ+K*ZGAlIN4A*COSZ )
2400 GOTO 2420
2410 LTERM=2#*NZER0/VXLK
2420 GOSUB 4070
2430 LPRINT:LPRINT”CALCULATED RESULTS *********************************u
2440 PRINT:INPUT”ENTER THE TIME, HOURS “;TH
2450 PRINT:PRINT”TIME  ENTERED IS ‘;
2460 PRINT USING”## .#DB--”-”;TH
2470 PRINT:INPUTWIS THIS CORRECT “;ANS
2 4 8 0  TESTS=LEFTS(AN$, l)
2490 IF TEST$=”NW GOTO 2440
2500 IF TESTs=”n”  GOTO 2440
2510 T=3600U*TH
2520 DTI14E=K*T/LC142
2530 EGAHT=EXP(- GA1414A*T)
2540 IF IEX=O  GOTO 3030
2550 REM LOAD THE X VALUES
2560 XSTEP=LCM/CDBL(IEX-l)
2570 FOR I = 1 TO IEX
2580 XDEPTH( I]=(I-l)*XSTEP
2590 NEXT I
2600 FOR I = 1 TO IEX
2610 x=XDEPTH(I)
2620 EAX=EXP(A*X)
2630 ARG=ZGAM14A*(LCM-X)
2640 ON IZBAR GOTO 2650,2650,2680,2700
2650 EXP1=EXP(ARG)
2660 cLEAD=EAX*LTER#I*EGANT*(ExP1-1#/EXPl  )/24
2670 GOTO 2710
2680 CLEAD=EAX*LTER14*EGAMT*SIN(ARG)
2690 GOTO 2710
2700 cLEAD=EAX*LTERM*EGAHT* (LCM-X)
2710 SUMl=O#
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2720
2730
2740
2750
2760
2770
2?80
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370

FOR IROOT = 1 TO NROOT
ARG=EXPTERM( IROOT)*T
IF ARG>EBIG GOTO 2780
TEHP1=CONTERM( IROOT)*EXP(-ARG)  *SIN(BETA(IROOT)  *(1#-X/LCM)  )
SUFI1=SUM1+TEMP1
NEXT IROOT
c(I) =CLEAD-NZL*EAX*SUM1
REM NOW INCREMENT TO NEXT X
NEXT I
REM CHECK FoR NEGATIVE cONCENTRATIONS wHIcH CAN OCCUR FOR TIMES
REM TOO SMALL, I.E.,  THE CONCENTRATION PROFILE  HAS NOT HAD TIME
REM TO TOUCH THE BOTTOM
REM IEARLY IS THE SWITCH  THAT DENOTES WHEN  THE TIME IS TOO S M A L L
IEARLY=l
FOR I = 1 TO IEX
IF CII)<Oll  GOTO 2910
PT(I)=C(I)
NEXT I
GOTO 2970
IEARLY=2
IEX1=I

%io~  lEX1 ‘o  IEx

. .

PT(I)=C(I)
NEXT I
LPRINT:LPRINT”CONCENTRATION P R O F I L E  (GX/CC)  FOR TIME = “;
LPRINT USING”@# .#@8”””””;TH;
LPRINT”  HOURS”
LPRINT”DIMEN910NLESS TIIIE,  K*T/L**2  =  ‘ ;
LPRINT USINGw#8. ###A””””;DTIME
GOSUB 3790
REM CALCULATE “THE MASS OF OIL IN THE WATER AT TIME T, THE
REt4 THROUGH REACTION, AND THE LOSS OF OIL AT THE BOTTO14
ON IZBAR GOTO 3060,3080,3100,3120
CWLEAD=LTERll*( ZGAIIMA*EAL-A*SINH-ZGAMHA*COSKli  (A2-ZGAM~A21
GOTO 3170
cwLEAD=LTER14*(Lcz4*EAL-sINH/A)/2B
GOTO 3170
CWLEAD=LTERM* (ZGM4MA*EAL-A*SINZ-ZGAIIMA*COSZ )/(A2+ZGAMMA2 )
GOTO 3170
REM CHECK FOR A-O OR GAMIIA=O.
IF A<>O#  GOTO 3160
cwLEAD=NzERo*LcM2/vxLK
GOTO 3170
cwLEAD=-2#*NzERo*(LcM/A+  (llt-EAL)/A2)/vxLK
IF GAM14A>O# GOTO 3200
CRLEAD=CWLEAD*T
GOTO 3220
CRLEAD=CWLEAD* (1#-EGA14T)/GA1411A
CWLEAD=CWLEAD*EGAJ4T
ON IZBAR GOTO 3230,3230,3230,3280
IF GAt4MA>O@ GOTO 3260
CFLEAD=LTERH*K ● ZGAII?4A*EAL*T
GOTO 3320
CFLXAD=LTERt4*K ● ZGA14MA*EAL* (l@-EGAMT)/GAMHA
GOTO 3320
IF GAMMA>O# GOTO 3310
cFLEAD=K2*NzERo*EAL*T/vxLK
GOTO 3320
CFLEAD=K2*NZERO*EAL* (1#-EGAJ4T)/(  GA14t4A*VxLK)
suMl=o@
su142=o#
su?13=o@
FOR I = 1 TO NROOT
ARG=EXPTERM( I)*T
EXPl=O#

LOSS OF OIL

422



338J
339’1
340’3
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030

IF ARG<EBIG THEN EXP1=EXP(-ARG)
SUM1=SUM1+EXP1*MASTERM( I )
SU)42=SUM2+(10-EXP1) *REATERII(II
SUM3=SUM3+( l#-EXPll*FLXTERM(  1)
NEXT I
cwMAss=cwLEAD-4n*NzERo*K*EAL*suMl
CRt4ASS=(CRLEAD-4 #*NZERO*K*EAL*SUM2 )*ALPHA
cFkIASS=CFLEAD-4#*NZERO*K*K*EAL*SU143/LCt42
IF IEX>O  GOTO 3510
LPRINT:LPRINT’’TIME  = “;
LPRINT USING’’ #il.  ilil#----’’;TH;
LPRINT”  HOURS, DIMENSIONLESS TIME, K*T/L**2  = “;
LPRINT USING’’## .###””-”’’;DTIP(E
IF GAMMA>O# GOTO 3540
FLUXED=NZERO*T
GOTO 3550
FLUXED=NZERO*( 1#-EGAMT)/GAM?4A
LPRINT:LPRINT”TOTAL GRAMS OF OIL DISPERSED INTO THE WATER COLU14N = “;
LPRINT USING”B# .#i)#”””-”;FLUXED
LPRINT:LPRINTWGRAMS OF FREE OIL DROPS IN THE WATER COLU14N = ‘l;
LPRINT USING”ll#.  ###--””W ; CWt4ASS
LPRINTWGRA14S OF OIL DROPS ATTACHED TO SPt4 = “;
LPRINT USING”~# .@##-””””;CRHASS
ON IEARLY GOTO 3660,3620
LPRINT”THE CONCENTRATION PROFILE HAS NOT ‘TOUCHED’ THE ‘;
LPRINT”BOTTOM YETW
CFMASS=O@
GOTO 3690
LPRINTWGRA14S OF FREE OIL DROPS ATTACHED TO THE BOTTO14 = “;
IF CFflASS<O@ THEN CFMASS=OD
LPRINT USINGw#9. #.##”-”””;CFHASS
TOTOIL=CFMASS+CR)4ASS+CWMASS
LPRINT:LPRINTnTOTAL  GRA14S OF OIL ACCOUNTED FOR IN THE  CALCULATION = “;
LPRINT USING”## .##B--”-”;TOTOIL
CLS
PRINT:INPUTWWANT TO DO IT AGAIN “;AN9
TESTS=LEFT$( At4$,l)
I F  T E S T S -W Y - G O T O  2 4 2 0
IF TEST$=”y”  GOTO 2420
LPRINT TOF$
END
REt4 PRINT SUBROUTINE
LPRINT:LPRINT” DEPTHa;
LPRINT TAB(21);
LPRINT”OIL  CONC”
LPRINT” (CM)”;
LPRINT TAB(22);
LPRINT”(Gt4/CC)”
FOR I = 1 TO IEX
LPRINT TAB(5);
LPRINT USING”@# .@##--””W;XDEPTH(  I ) ;
LPRINT TAB(20);
LPRINT USING”##  .###”---”;PT(I);
IF 1>1 GOTO 3950
LPRINT TAB(36);
LPRINTW(SURFACE )“
GOTO 4000
IF I<IEX  GOTO 3990
LPRINT TAB(36);
LPRINT”(BOTTOH) “
GOTO 4000
LPRINTW “
NEXT I
RETURN
RE14 SUBROUTINE TO PRINT SCREEN HEADER.
PRINT”OIL  DROPLETS INTERACTING WITH EXCESS SPt4.
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4040 PRINT’’CODE NAME IS “;CODES;
4050 PRINT”, VERSION OF “;VER$
4060 RETURN
4070 REM SUBROUTINE TO PRINT PAGE HEADER.
4080 LPRINT TOF$
4090 LPRINT”CODE NAME IS “;CODES;
4100 LPRINT”, VERSION OF “;VERS
4110 LPRINT”RUN TIME = “;RTIME$;
4120 LPRINT”, RUN DATE = “;RDATES;
4130 IPAGE=IPAGE+l
4140 LPRINT TAB(65);
4150  LPRINTWPAGE “;
4160 LPRINT USING”U#”;IPAGE
4170 RETURN
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APPENDIX B

CODE LISTING FOR SPMONLY,BAS



Loo DE?DBL A-H,K-Z
‘ 3EM THIS CODE SOLVES THE ADVECTION-DISPERSION EQUATION FOR OIL..J

““ ?.EM DROPS wITH EXCESS SPtI AND FIRST-ORDER REACTION LOSS..-w
LJd  JIM BETA(50),  c(50)JxDEpTH(  50), pT(50),c0sR(50)  ,s1NR(50)
140 i31M EXPTERM( 50),CONTERM(50 I, MASTERM( 50),REATER14(50 ),FLXTERM(50)
Lscl DIM ICHECK(5O)
160 PIE=3.1415926536#
1 7 0  PIE2=PIE/2#
180 TOFS=C14RS(12)
190 CODE$=’’OILSPMXS .BAS”
200 VERS=’’8-3-88  @ 0718”
210 RTIMES=TIME$
220 RDATES=DATES
230 REM ITIME=l
240 REM EBIG IS THE MAXIMUM ARGUMENT AN EXPONENTIAL IS ALLOWED TO BE
250 EBIG=30#
260 VXIN=.OO1# :K=lOO#:L=lOll:  RERROR= .OOOOOl# :GAMMA=.000046$
270 ALPHA= .0009411:NZERO=. 000018#  :NROOT=25:IEX=27  :ANIS=’’YES”
280 HEAD$=”PRE-LOADED PARAMETER TEST CASE”
290 CLS
300 GOSUB 4020
310 PRINT:INPUT”WANT TO EDIT OR ENTER INPUT PARAMETERS “;AN2S
320 TEST2S=LEFTS(AN2S,2)
330 IF TEST2S=’’ED” GOTO 560
340 IF TEST2S=’’edw GOTO 560
350 PRINT:INPUT”ENTER AN IDENTIFICATION LINE: “;HEAD9
360 PRINT:INPUT”ENTER THE OIL-DROP RISE VELOCITY, CM/SEC (TRY -0.001) “;VX
370 REM SEE THE LETTER TO MAURI PELTO FROM BRUCE KIRSTEIN,  28 JULY 1987
380 REII FOR THE VERTIC4L TURBULENT DIFFUSIVITY
390 PRINT: INPUTNENTER, THE TURBULENT DIFFUSIVITY,  CWCWSEC (TRY 100) “;K
400 PRINT: INPUT’’ENTER THE DEPTH,  METERS  (TRY 10.0) “;L
410 PRINT: INPUT’’ENTER THE NUMBER OF ROOTS TO BE DETERMINED (TRY 25) “;NROOT
420 PRINT:PRINT’’ENTER THE ERROR LIMIT  FOR THE ROOTS (TRY 1.00-06) “;
430 INPUT RERROR

. 440 REM SEE THE LETTER TO DAVE LIU  FROM BRUCE KIRSTEIN,  l-JULY-83 FOR
450 REH CALCULATION OF THE D1SPERS1ON RATE CONSTANTS
460 PRINT:INPUT”ENTER THE EXPONENTIAL FLUX TERM, liSEC  (TRY 4.60-05) “;GAi4k!A
470 PRINT:PRINT WENTER THE INITIAL OIL FLUX, GRAtf/(C14*Ci4*SEC) (TRY 1.8D-05)  “;
480 INPUT NZERO
490 PRINT:PRINT”ENTER THE DISAPPEARANCE RATE CONSTANT, l/SEC  (TRY 0.00094) “;
500 INPUT ALPHA
510 PRINT: INPUT”E!NTER THE NUMBER OF DEPTH VALUES TO EVALUATE (TRY 27) “;IEX
520 IF IEX<50 GOTO 550
530 PRINT:PRINT”NUMBER OF DEPTH VALUES MUST BE LESS THAN 50, RE-ENTER.W
540 GOTO 510
550 PRINT:INPUT’’WANT TO PRINT THE ROOTS (SAY NO) “;AN1$
560 CLS
570 GOSUB 4020
580 PRINT:PRINT”l. RISE VELOCITY, CWSEC = ‘;VXIN
590 PR1NT”2. TURBULENT DIFFUSIVITY,  C14*CM/SEC = ‘;K
600 PRINT”3. DEPTH, METERS = “;L
610 PRINT*4. NU/4BER OF ROOTS = “;NROOT
620 PRINT”5. ROOT ERROR LIMIT = “;
630 PRINT USINGw## .###----”;RERROR
640 PRINT*6. EXPONENTIAL FLUX TERM, l/SEC = “;
650 PRINT USINGw##  .##@----w;GA14t4A
660 PRINT”7. INITIAL OIL FLUX, GRAM/(C14*CM*SEC) = “;
670 PRINT USING”ll#  .###--”””;NZERO
680 PRINTW8. DISAPPEARANCE RATE CONSTANT, l/SEC = “;
690 PRINT USINGwlll)  .#@#”--”’’;ALPHA
700 PRINT”9. NUMBER OF DEPTH VALUES = “;IEX
710 PRINT”1O. PRINT THE ROOTS? “;ANIS
720 PRINT:INPUT”WANT TO CHANGE ANY”;ANS
730 TESTS=LEFTS(ANS, l)
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“4)  IF TEST$=”n”  GOTO 970-:..~ PRINT ::NPUT’’ENTER THE LINE NUMBER TO BE CHANGED’’;IL
760 CN IL GOTO 770,790,810,830,850, 870,890,910,930,950
77o PRINT:INPUT”ENTER THE TERMINAL VELOCITY, CM/SEC “;VX
790 GOTO 550
79o PRINT:INPUT”ENTER THE TURBULENT DIFFUSIVITY,  CM*CM/SEC “;K
dOO GOTO 550
810 PRINT: INPUT’’ENTER THE DEPTH, METERS “;L
820 GOTO 550
830 PRINT: INPUT’’ENTER THE NUMBER OF ROOTS TO BE DETERMINED ‘;NROOT
840 GOTO 550
850 PRINT:INPUT”ENTER THE ERROR LIMIT FOR THE ROOTS “;RERROR
860 GOTO 570
870 PRINT:INPUT”ENTER THE SP14-LOSS RATE CONSTANT, l/SEC  ‘;ALPHA
880 GOTO 550
890 PRINT:INPUT”ENTER THE FLUX RATE, GM/SEC*CM*CM “;FO
900 GOTO 550
910 PRINT:INPUT”ENTER THE DEPOSTION RATE, C!IVSEC “;KS
920 GOTO 550
930 PRINT:INPUT”ENTER THE NUMBER OF DEPTH VALUES TO EVALUATE “;IEX
940 GOTO 550
950 PRINT:INPUT”WANT TO PRINT THE ROOTS? “;ANIS
960 GOTO 550
970 REt4 BEGIN THE CALCULATION
980 TEsT1$=LEFT$(AN1$,  l)
990 PRINT:INPUT”DO  YOU WANT ABRAMOWITZ & STEGUN COTANGENT VALUES”;AN$
1000 TESTS=LEFTS(ANS, L)
1010 IF TEST$=”N”  THEN AANDS=l
1020 IF TESTS=”n”  THEN AANDS=l
1030 LCM=100#*L
1040 LCM2=LCM*LCM
1050 A=vx/(211*K)
1060 A2=A*A
1070 AL=A*LCM
1080 AL2=AL*AL
1090 EAL=EXP(AL)
1100 Et4AL=lil/EAL
1110 vx2=vx/2#
1120 vxLK=vx*Lcff+2#*K
1130 K2=2#*K
1140 K2L=K2/Lc14
1150 TERt42=A*Ks*LcM
1160 TERt43=LCM*KS-2#*K
1170 TERM4=A*KS*LCM2/K
1180 TERM5=KS*LCU/K
1190 TERM6=LcM@KS+K2
1200 IEARLY=l
1210 IPAGE=O
1220 GOSUB 4030
1230 LPRINT:LPRINT”THIS CODE SOLVES THE I-D  TRANSIENT ADVECTION-W;
1240 LPRINT”DISPERSION EQUATION FOR SP14”
1250 LPRINTW(ANALYTICAL SOLUTION) WITH FIRST-ORDER REACTION LOSS.”
1260 LPRINT:LPRINTWTER141NAL VELOCITY = “;
1270 LPRINT USING”## .##@”””A”;VX;
1280 LPRINTW CH/SEC, DEPTH = “;
1290 LPRINT USING”@#B.#”;L;
1300 LPRINT”  t4ETERS”
1310 LPRINT:LPRINT”TURBULENT DIFFUSIVITY  = ‘;
1320 LPRINT USING”O#B@.#’’;K;
1330 LPRINT”  CM*CM/SEC”
1340 LPRINT:LPRINT”FLUX RATE FROM THE BOTTOM = “;
1350 LPRINT USING”l)# .###””-”n;FO;
1360 LPRINT”  GM/SEC*CM*CM”
1370 LPRINT:LPRINT”DEPOSITION  RATE = “;
1380  LPRINT USING”#S  .###--”-”;KS;
1390 LPRINTW CM/SEC”
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- “ -- LPRINT: LPRINT’’ERR0R LIMIT FOR THE ROOTS = “;i4uu
:4:.
:420
1 4 3 0
L440
1 4 5 0
1460
1 4 7 0
1 4 8 0
1 4 9 0
1 5 0 0
1 5 1 0
1520
1 5 3 0
1 5 4 0
1 5 5 0
1 5 6 0
1 5 7 0
1 5 8 0
1 5 9 0
1 6 0 0
1 6 1 0
1 6 2 0
1 6 3 0
1 6 4 0
1 6 5 0
1 6 6 0
1 6 7 0
1 6 8 0
1 6 9 0
1 7 0 0
L71O
1 7 2 0
1 7 3 0
1 7 4 0
1 7 5 0
1 7 6 0
1 7 7 0
1 7 8 0
1 7 9 0
1 8 0 0
1 8 1 0
1 8 2 0
1 8 3 0
1 8 4 0
1 8 5 0
1 8 6 0
1 8 7 0
1 8 8 0
1 8 9 0
1 9 0 0
1910
1 9 2 0
1 9 3 0
1 9 4 0
1 9 5 0
1 9 6 0
1970
1 9 8 0
1990
2 0 0 0
2 0 1 0
2 0 2 0
2 0 3 0
2 0 4 0
2 0 5 0

LPRINT USING’’## .###-’--’’;RERROR
LPRINT:LPRINT”A = VX/(2*K)  = “;
LPRINT USING’’## .###”-”-w;A;
LPRINT”  l/Cld”
IF TESTIS=”N”  GOTO 1580
IF TESTl$=”n”  GOTO 1580
LPRINT:LPRINT’’RoOTs  CALCULATED USING”;
IF AANDS=2 THEN LPRINT”  ABRAMOWITZ AND STEGUN.”
IF  AANDS=l THEN LPRINT”  MACHINE FUNCTIONS.”
LPRINT:LPRINT’’THE  “ ;
LPRINT USING’’##’’;NROOT;
LPRINT”  ROOTS OF F(BETA) =BETA*COTANGENT( BETA)-”;
LPRINT”K*  ((A*L)”2-A*KS*L+BETA”2  )/(KS*L)
LPRINT:LPRINT” ROOT F(BETA) ERROR CODE”
GOTO 1610
LPRINT:LPRINT’’THE NUMBER OF ROOTS USED IS “;
LPRINT USING”##4#’’;NROOT
REM START ON THE FIRST ZERO-PIE INTERVAL
TESTI=(AL2-TE!RI14 )/TER145
REt4 IF TESTI>l  THERE IS NO ROOT.
FOR I = 1 TO NROOT
IF 1>1 GOTO 1650
NOROOT=lB
IF TEST14=l#  THEN NOROOT=OO
ICHECK(I)=l
xR.pIE*cDBL(  I+NcjROOT]
xLxxR-pIE
FOR IHALF = 1 TO 50
xso(L+xR)/2~
IF AANDS=2 GOTO 1730
Fx=cos(x)/sIt4(x)-((AL2/x)  -(TERM4/x)+x)/TERF45
GOTO 1750
GOSUB 3530
FX=FCOTX-((AL2/X)-(TERH4/X)  +X)/TER145
TEST=ABS(FX)
ICHECK(I)=IHALF
IF TEST<RERROR GOTO 1850
IF FX>O# GOTO 1810
xR=x
GOTO 1820
xL.x
NEXT IHALF
ICHECK(I)=99
REt4 STORE CONVENIENT FORMS OF THE ROOTS.
)(2.X*X
BETA(I)=X
PExPT(I)=K*(A2+x2/Lct42)
EXPTER14( I)=ALPHA+PEXPT( I)
SUt4TEMP( I)=LC14*(KS-LCt4*PEXPT(  I)+TERM2)
COSR(I)=COS(X)
SINR(I)=SIN(X)
REM SEE PAGE 29 FOR THE SERIES CONCENTRATION TERPI
CONTERt4(I)=X/(EXPTER14( I)*(TERM6*X*SINR(  1)-SU14TE14P( I)*COSR(  1)))
RE14 SEE PAGE 9 CC FOR THE SERIES MASS-IN-WATER TER!4
MASTER14( I)=CONTERPI(I)*(  VX*AL+K2L*X2)*SINR(I)/(  (LCM/K)*PEXPT(I)  )
REH SEE PAGE 12(CC)  FOR THE SERIES MASS-LOST-BY-REACTION TER14
REATERM( I)=t4ASTER14 (1)/EXPTER14(I  )
REM SEE PAGE 19(CC)  FOR THE SERIES MASS-LOST-AT-THE-BOTTO14 T!3R14
FLXTERi4(I)=(  (K2L/2#)*K2L*X2tVX*VX2)  *SINR(I)*CONTERH(I  )/EXPTERt4(I)
BFLUX(I)=(VX*SINR(  I)+K2L*X*COSR(  I))*CONTER14(I  )/EXPTERt4(I)
IF TEST1$=”N”  GOTO 2100
IF TESTIS=”n”  GOTO 2100
LPRINT TAB(5);
LPRINT USING”##.### ‘--”W;BETA(I);
LPRINT TAB(19);
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:!)60 :?RINT USING’’ ##. ###--’-’’;FX;
-;;)  ~?R~~T ~AB(3s);
2080 IF ICHECK(I)<51  THEN ICHECK(I)=l
2090 LPRINT uslNG’’##’’;  [cHECK(I)
2100 NEXT I
2I1O LPRINT:LPRINT’’INITIAL  SPt4 FLUX =  “ ;
2120 LPRINT USING” #ll.###-””-’’;FO;
2130 LPRINT” GRAMS/(CM*CM*SEC)”
2140 LPRINTtLPRINT’tFIRST-ORDER  SPM DISAPPEARANCE RATE CONSTA@JT,  l/SEC = “;
2 1 5 0  LPRINT USING’’## .#il#-”--’’;ALPHA;
2160 LPRINT”  l/SEC”
2170 ALPHAK=ALPHA/K
2180 ZETA2=A2+ALPHAK
2 1 9 0  ZZETA=SQR(ZETA2)
2 2 0 0  ARG=ZZETA*LCM
2210 EXP1=EXP(ARG)
2220 ExP2=l#/ExP(ARG)
2230 sINH=(EXP1-EXP2)/2#
2240 COSH=(EXPl+EXP2)/2!j
2250 ZHYP=2B*K*ALPHA+VX*KS
2260 LTERt4=l#/(K2*KS*ZZETA*COSH+ZHYP*SINH)
2270 BLEAD=(VX*SINH+K2*ZZETA*COSH )*LTER14
2280 REM START THE CALCULATION.
2290 PRINT:INPUT”ENTER THE TIIIE  IN HOURS “;TY!4E
2300 PRINT:PRINT”TIME  ENTERED IS “;
2310 PRINT USING”## .i?##”--””;TYHE
2320 PRINT:INPUT”IS  THIS CORRECT “;AN$
2330 TESTS=LEFTS(ANS, l)
2340 IF TEST$=”N”  GOTO 2290
2350 IF TESTS=”n”  GOTO 2 2 9 0
2360 T=3600#*TYFlE
2370 REM LOAD THE XVALUES
2380 XSTEP=LCM/CDBL(IEX-1)
2390 FOR I = 1 TO IEX
2400 XDEPTH41) =(I-l)*XSTEP
2410 NEXT I
2420 FOR I = 1 TO IEX
2430 X=XDEPTH(I)
2440 EAX=EXP (-A*(LCM-X))
2450 ARG=ZZETA*X
2 4 6 0  EXP1=EXP(ARG)
2470 EX@lR=l#/EXP(ARG)
2480 CLEAD2=K2*ZZETA* (EXP1+EXP1R )/2#
2490 CLEADl=LTERt4* ((VX*(EXP1-EXPIR  )/2B)+CLEAD2)
2500 SUMl=O#
2510 FOR IROOT = 1 TO NROOT
2520 ARG=EXPTERM(I ROOTI*T
2530 IF ARG>EBIG GOTO 2600
2540 TRIGARG=BETA(IROOT)*X/LCM
2550 SINTERPI=VX*SIN(TRIGARG)
2560 COSTERM=K2L*BETA(I ROOT) *COS(TRIGARG)
2570 TEMP1=CONTERH(I ROOT)*EXP  (-ARG)~(SINTERt4+COSTERM)
2 5 8 0  SU141=S!JM1+TE14P1
2590 NEXT IROOT
2600 c(I)=FO*EAX*(CLEAD1-SUM1  )
2610 REM NOW INCREMENT TO NEXT X
2620 NEXT I
2630 REM CHECK FOR NEGATIVE CONCENTRATIONS WHICH CAN OCCUR FOR TIMES
2640 REM TOO SMALL, I.E., THE CONCENTRATION PROFILE HAS NOT HAD TIt4E
2650 REM TO TOUCH THE BOTTOM.
2660 REM IEARLY IS THE SWITCH THAT DENOTES WHEN THE TIME IS TOO SMALL.
2670 IEARLY=l
2680 FOR I = 1 TO IEX
2690 J=IEX-1+1
2700 IF CIJ)<OU GOTO 2720
2710 NEXT I
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2720 1’SARL’f=2
2730 IEX1=l
2740 FOR I = IEX1 TO IEX
2750 J=IEX-1+1
2760 C(Jl=O#
2770 NEXT I
2780 REtl NOW PRINT THE CONCENTRATION PROFILES
2790 GOSUB  4030
2800 LPRINT:LPRINT”CONCENTRATION PROFILES AT TIt4E = “;
2810 LPRINT USING’’## .#i3#””””’’;TYME;
2820 LPRINT’t HOURS ********************  ***”
2830 LPRINT:LPRINT  TAB(9);
2840 LPRINT’’DEPTH”;
2850 LPRINT TAB(27);
2860 LPRINT’’SPH CONC.”
2870 LPRINT TAB(10);
2880 LPRINT”CMW;
2890 LPRINT TAB(27);
2900 LPRINTwGM/CM**3”
2910 FOR 1=1 TO lEX
2920 LPRINT” 1# ;
2930  LPRINT USING”ll#  .###--””’’;XDEPTH(  I);
2940 LPRINT” w.
2950 LPRINT USINGW## .#;#--”-”;C(I);
2960 IF 1>1 GOTO 3000
2970 LPRINT TAB(36);
2980 LPRINT”(SURFACE)”
2990 GOTO 3050
3000 IF I<IEX  GOTO 3040
3010 LPRINT TAB(36);
3020 LPRINTW(BOTTOM)”
3030 GOTO 3050
3040  LPRINT”  “
3050 NEXT I
3060 REM CALCULATE THE MASS OF OIL IN THE WATER AT TI14E T, THE LOSS OF OIL
3070 REM THROUGH REACTION, AND THE LOSS OF OIL AT THE BOTTO14.
3080 cWLEAD=LTERH*K2*SINH
3090 CRLEAD=ALPHA*CWLEAD
3100 CFLEAD=CRLEAD
3110 sut41=o#
3120 SUH2=O~
3130 SUH3=OD
3140 suM4=o#
3150 FOR I = 1 TO NROOT
3160 ARG=EXPTERM(I)*T
3170 EXPl=O#
3180 IF ARG<EBIG THEN EXP1=EXP(-ARG)
3 1 9 0  SUH1=SUH1+EXP1*14ASTERM( I)
3200 EXPMl=l#-EXPl
3210 SUM2=SUH2+EXP?41*REATER14( I)
3220 sUM3=SUM3+EXPM1*FLXTERM( I)
3230 sUM4=SUM4+EXPM1*BFLUX(I )
3240 NEXT I
3250 cWHASS=FO*(CWLEAD-SUPI1)
3260  CR14ASS=FO*(CRLEAD*T-ALPHA*SUH2  )
3270 cFPlASS=PO*(CFLEAD*T+SUM3  )
3280 IF IEX>O GOTO 3330
3290  LPRINT:LPRINT”TIME  = ‘;
3300 LPRINT USING”## .###--”-”;TYME
3310 LPRINT-  HOURS, DIMENSIONLESS TIME,  K*T/L**2  = “;
3320 LPRINT USING”#O.  ###-”-””;13TIME
3330 LPRINT:LPRINTHGRAMS OF SPM (UNATTACHED) IN THE WATER COLUMN = ‘o;
3 3 4 0  LPRINT USINGW##. ###---””;CWHASS
3350 LPRINT”GRAHS OF SPt4 ATTACHED TO OIL = “;
3360 LPRINT USING”ll#  .###””--”;  CRIIIASS
3370 TOTSPU=CRMASS+CWMASS
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;130  LPRINT: LPRINT’’GRAMS OF SPM IN WATER + ATTAC14ED = ‘“;
3130 LPRINT WING’’  #0 .#M#-”--’’;TOTSPt4
3400 LPRINT: LPRINT’’GRAMs oF SPM FROM THE BOTTOM (FROM VX*C-K*DC\DX)  = “;
3 4 1 0  LPRINT USING’’ P#. ##B--;CFMASSMASS
3420 SE1311’fENT=Fo*T-Ks*Fo* (BLEAO*T-SUt44 )
343o LPRINT’’GRAMS OF spM FRoH THE BOTTOM (FROM -FO+KS*C) = “;
3440 LPRINT USING’’#$ .###”-”  ”’’;SEDIMENT
3450 CLS
3460 PRINT:INPUT’’WANT TO DO IT AGAIN “;ANS
3 4 7 0  TEST$=LEFTS(ANS, l)
3480 IF TESTS=”Y” GOTO 2280
3490 IF TEST$=”y”  GOTO 2 2 8 0
3500 LPRINT TOFS
3510 LPRINT TOF$
3520 END
3530 REM SUBROUTINE TO CALCULATE COTANGENT FROM M. ABRA140WITZ
3540 RE14 AND I.R.  STEGUN, HANDBOOK OF t4ATHE14ATICAL FUNCTIONS,
3550 RE14 SEE PAGE 76, EQUATION 4.3.103.
3560 FLIP=O
3570 REM THIS CALCULATES THE SERIES APPROX FOR XCOT(X).
3580 AC2=-. 333333341O:AC4=-. 02222202871 ):AC6=-  .0021177168R
3590 AC8=-. 00020785041) :AclO=-  .00002626l9#
3600 REM UNWIND THE ARGUMENT TO LESS THAN PIE/4.
3610 REM ADJUST X TO A 2PI FRA14E.
3620  YI=(X/TWOPIE  -CDBL(INT(X/TWOPIE)))*TWOPIE
3630 IF (YI>O)AND(YI<PIE2)  THEN IQUAD=l
3640 IF (YI>PIE2)AND(  YI<PIE)  THEN IQUAD=2
3650 IF (YI>PIE)AND(  YI<PIE*l.5S  ) THEN IQUAD=3
3 6 6 0  I F  (YI>PIE*l  .5S)AND(YI<TWOPIE)  THEN IQUAD=4
3670 IF [YI=PIE2)  OR (YI=PIE*l.5U)  THEN IQUAD=5
3 6 8 0  I F  (YI=PIE)OR(  YI=TWOPIE)OR( YI=O)  THEN IQUAD=6
3690 ON IQUAD GOTO 3700,3720,3740,3760,3940, 3960
3700 Y=YI
3710 GOTO 3770
3720 Y=PIE-YI
3730 GOTO 3770
3740 Y=YI-PIE
3750 GOTO 3770
3760 Y=TWOPIE-YI
3770 TEST=PIE4-Y
3780 IF TEST>O# GOTO 3820
3790 XI=Y
3800 Y=PIE2-xI
3810 FLIP-1
3820 YSQ=Y*Y
3830 SREMAIN=YSQ*( AC8+(AC1O)*YSQ)
3840 SCOTX=lB+YSQ*  (AC2+YSQ*(AC4+YSQ*(  AC6+SREHA1N)))
3850 TCOTX=SCOTX/Y
3860 IF IQUAD=2 THEN TCOTX=-TCOTX
3870 IF IQUAD=4  THEN TCOTX=-TCOTX
3880 REM SO NOW WE REALLY HAVE COTX FOR THE ZERO TO PIE/4 WEDGE.
3890 IF FLIP=l  GOTO 3920
3900 FCOTX=TCOTX
3910 GOTO 3970
3920 FCOTX=l@/TCOTX
3930 GOTO 3970
3940 FCOTX=OS
3950 GOTO 3970
3960 FCOTX=1D+21
3970 RETURN
3980 REM SUBROUTINE TO PRINT SCREEN HEADER.
3990 PRINT”SUSPENDED-PARTICULATE-HATTER (SP14) CALCULATION
4000 PRINT”CODE NAME IS “;CODENS;
4010 PRINT”, VERSION O F  “;VER9
4020 RETURN
4030 REM SUBROUTINE TO PRINT PAGE HEADER.
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4040 LPRINT TOF$
4 0 5 0  LPRINT’’CODE NAME Is “;CODENS;
4060 LPRINT”, VERSION OF “;VER$
4070 LPRINT’’RUN TIME = “;RTIMES;
4080 LPRINT”,  RUN DATE = “;RDATES;
4090 IPAGE=lPAGE+l.
4100 LPRINT TAB(65);
4110  LPRINTWPAGE “;
4120 LPRINT USING’’##’’;IPAGE
4130 RETURN
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APPENDIX C

CODE LISTING FOR OILSPM3BAS



1!: PEM
Lltj DEFDBL A - H ,  O - Z
IL(:) REM THIS CODE IS THE SIMULTANEOUS OIL-SPM  SOLVER AND CAN BE IJSED
ICI:)  PEM  TO S O L V E  F O R  O I L  A L O N E  O R  SPM ALONE WITH AN A R B I T R A R Y  I N I T I A L
140 REM CONDITION. CRANK-NICOLSON  INTEGRATION IS  USED.
:SO D I M  A{3,1~ll:l,C~l~:}l),U~l~ll  J,Y(.l(I1),X[.l(:)l:),PNT( 101)
l&,Q  DIil  Bf2,1~21:l,S1.l{:>lJ, v{ 101:], Z(I{:)l:),  CG(l(:)l  :J,SG(lOl~
170 D I M  013,  11:~1:1, W(l(:~l),QLll:ll  ),  GCll:)l~,R(lOl”l
180 CODENS=’’01LSPM3. BAS”
1 3(:I vER$=” 8-’3-s8  @ 064s”
~(:){:1 TOF%=CHR%( 12.1
::1(:) RTIME%=TIME%:R  DATE$=DATE$
~~f:] CLS
:J(:)  GOSIJB  “3’JS()
L-W] REM SET THE PAGE C(JUNTER TO ZERO.
25(1 lPAGE=O
LEJ:]  REM SPECIFY SOME OIL PARAMETERS:
27(3 vDIFFA=l(jO#:  VOIL=. Olt#:ALPHO=.  O’34K+:DEPTH=1(M:  NPOINTSA=49
LW sZER=.  t>(>(}Ola#:GAMH=.  (:)0{:I(:14G#: TYMEMAX =.5#:PINT=. 5#:TDIVIDE=2~3#
LX) REM SPECIFY  SOME SPM PARAMETERS:
3(:N:} VSPM=.001#:ALPHS=.  ll”34#: FZER=.1:1(:)111(1~46#:  SKZER=.046#:  PIE2=’3.  Si5’3569#
31(2 VASPM=. (>ol#:SECONDS=26il(>#:  IEULER=l:  ICRATE=3
2“2(J ANSP$=’’YES’’  :ANOPSNO”NO”  :ANCP$=’’YES”
130 PRINT:PRINT’’WANT  TO ‘ENTER’ NEW PARAMETERS OR ‘EDIT’ RECOMMENDED”;
24(:)  INPUT”  VALUES’’;ANSS
~~(:1 TEsTA$=LEF”TStANs$,  Z:]
Ss(] IF TESTAS=’’EN”  G O T O  2’30
371> [F TEsTAS=’’en”  G O T O  2’30
2ao GOTO 610
3“30 CLS
4(:](> GosuB  ‘325(j
JIO PRINT:  PRINT’ ’ENTER THE vERTICAL-TURBULENT DIFFUSIVITY,  CM*CM/SEC”;
420 I N P U T ” ,  1.TRY i(:lO)’i;VDIFFA
430 PRINT:  PRINT’’ENTER  T H E  O I L  R I S I N G  V E L O C I T Y ,  C M / S E C ,  (TRY  1).00i)”;
440 I N P U T  V O I L
450 PRINT: PRINT’’ENTER  THE OIL-SPM  RATE CONSTANT FCIR OIL L O S S ,  CC/tGM*SEC)”;
46(:) INPUT”,  i  TRY .1:1’34’)  “;ALPHO
+70 PRINT: INPUT’’ENTER  THE OCEAN DEPTH,  METERS,  (’TRY 10)’’;DEPTH
.$E(> PR[NT:PR[NT’’ENTER  THE NUMBER OF GRID POINTS (MAXIMUM  ‘3’3,”;
4W PRINT” MUST BE ODD,  TRY 403J”;
S(j(]  REM THIS IS THE NUMBER OF POINTS WITHIN THE WATER COLUMN AND DOES
SIO REM NOT INCLUDE THE EXTERIOR TWO POINTS.
520 INPIJT  NPOINTSA
~q(:,  pRINT:pRINToTHE  O I L - D i s p e r s i o n  F L U X  1Ss SZERO*EXP(  -GAMMA*TIME)  “
~qtj pR[NT:  INPuT’’ENTER  SZERO,  GRAMS/tCM*CM*SEC)  ,  ( T R Y  1.8D-OS)’’;S2ER
~5(j PRINT:  lNpuTt~ENTER  GAMMA,  l/SEC,  (TRY 4.6D-~5)’’;GAMM

~IS(> P R I N T :  [NPUT’’ENTER  T H E  MAXIPVJM  T I M E ,  HOURS’’\TYMEMAX
570 PRINT:  INPUT’ ’ENTER THE PRINT INTERVAL,  HOURS’’;PINT
5!30 PRINT:  [NPUT’’USE S T E A D Y - S T A T E  O I L  P R O F I L E  T O  S T A R T  I.SAY NO)i “;ANOPS
5,3(> PRINT: INPuT’OcauPLE  THE CONCENTRATIONS:  “;ANCPS
6(:)() P R I N T :  INPuT’’COUPLING  I T E R A T I O N S  (TRY 3) “;ICRATE
~1[:)  c~s
620 GOSUB ‘32S0
6x) PRINT:PRINT”l. T U R B U L E N T  DIFFUSIVITY,  CM*CM/SEC  = “;
640 PT=VDIFFA
650 GOSUB 7210
Sb(j  PRINT””? O I L  R I S I N G  V E L O C I T Y ,  C M / S E C  =  “ ;
&7(j PT=VOIC”
Se{> GosuB  7~lo
E3(:] PRINT”2. OIL-SPM  RATE CONSTANT FOR OIL  LOSS,  CC/(Gll*SEC)  = “;
7(>0 PT=ALPHO
710 GOSUB 7210
72(j PRINT”4. OCEAN DEPTH, METERS = “;
7 3 0  PT=DEPTH
74(j GOSUB 7’210
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.=>,. I ?R:NT’  %5. NUMBER  OF GRID  itiINTS =  “ ;
“+(, IPT=NPDINTSA
77<) GQ5UB  7240
780 PRINT”5. [NITIAL OIL-DISPERSON  F L U X  SZERO,  GRAMS/fCM*CM*SEC~  =  “ ;
7j<1 PT.SZER
s[:)() GoSUB 7210
31CI PRINT”7. OIL-OISPERSON  G A M M A ,  l / S E C  =  “;
azti) PT=GAMPl
8:(1 ~(J~lJB  7210
+41:, Pf?[NT”S. MAXIMUM TIME, HOURS = “;
35(:1  P R I N T  USING’’  M##.##’’;TYMEMAX
860 PRINT’”3. PRINT INTERVAL,  HOURS =  “ ;
B71:1  P R I N T  USING’’#.  ###’’;PINT
gHO PR1NT’’1O. USE STEADY-STATE OIL PROFILE TO START: “;ANOP$
8’30  PRINT’’11. COUPLE THE CONCENTRATIONS: “;ANCPS
;(:I(:) PRINT’cl~. C O U P L I N G  ITERATIC)NS  = “;
9 1 0  P R I N T  USING’’##’’; ICRATE
>LO PRINT: INPUT’’bJANT  TO CHANGE ANY’’;ANSS
330 TEsTB$=LEFT%iANSS,  l)
’340  IF TESTBS=”N”  GOTIJ  1~~()
950 IF TESTB%=”n”  G O T O  12s0
‘%(j P R I N T :  INPUT’’ENTER  THE LINE NUMBER  TO BE CHANGED’’;LN
’370  O N  L N  GoTO ‘3B0,1C10[3,  1[:12[:1,  ll:141>,  li:160,  1t:J’30,1110,1130,  11S0,1170,  11’30,121(:1
‘3S0 PRINT: INPUT’’ENTER  T H E  T U R B U L E N T  DIFFUSIVITY,  CM*CPVSEC’’;  VDIFFA
‘3’30 GOTO 610
1 0 0 0  P R I N T :  INPuT’’ENTER  THE O I L  R I S I N G  V E L O C I T Y ,  CM/SEC’’;VOIL
101{) GoTo  61O
ltj~!~ pRINT:INpLIT’lENTER  T H E  QIL-SpM R A T E  CONSTANT,  CC/(GM*SEC}N;ALpHO
1030 GOTO 610
104o PRINT:  INPUT’’ENTER  THE OCEAN DEPTH,  METERS’’;DEPTH
1[350  GoTo  ~1{)
1060 PRINT: PRINT’’ENT.E”R  THE NUMBER OF GRID POINTS (’MAXIMUM 99,”;
llj70 INPUT” MAKE IT  ODD,  T R Y  4’3.)’’;NPOINTSA
I[jso GoTo  ~l{j
10’30  PRINT:  INPUT’’ENTER  SZERO,  GRAMS/(CM*CM*SEC)  “;SZER
ll[jl> GoTo  ~lo
1 1 1 0  PRINT:  INPUT’’ENTER  G A M M A ,  l/SEC’’;GAIIM
1120 GOTO 61CI
1120 P R I N T :  INPUT’’ENTER  T H E  PIAXIPIUM  T I M E ,  HOURS’’;TYREMAX
11-W  GOTO 610
1130 PRINT:  INPUT’’ENTER  T H E  P R I N T  I N T E R V A L ,  HOURS’’;PINT
ltbr~ GOTO 510
1170 P R I N T :  INPUT’’IJSE  S T E A D Y - S T A T E  oIL pROFILE TO START*  lt:ANOp$
11S0 GOTO 610
1190 PRINT: INPUT’’COUPLE  THE CONCENTRATIONS:  “;ANCP9
1200  GOTO 510
1210 P R I N T :  INPUT’’COUPLING  I T E R A T I O N S  (TRY S) “;I C R A T E
1220 GOTO bllj
t2Z0 REM CHECK THE NUMBER OF GRID POINTS.
t:.!{j  [F NPOINTSA<1OO GOTO 13)0
1250 CLS
1260 PRINT:PRINT’’THE  NUMBER OF GRID POINTS  EXCEEDS ARRAY CAPACITY”;
1~7(> pRINTII (JF 99c$~
1~8~ P R I N T :  INPUTi’ENTER  T H E  NumBER  oF G R I D  poINTs  (MAKE IT oDD),~;NpoINTsA
1~~() GoTo  ~lo
l~oo REM E N T E R  oR E D I T  T H E  spM p a r a m e t e r s
1210 CLS
1221j  I F  TESTAS=’’EN”  G O T O  lSSO
1220 tF TESTAS=’’en”  G O T O  135(>
13-V> GOTO 1460
1250  GOSUB ‘32s0
!260 PRINT:  INPUT’’ENTER  THE 5PM S E T T L I N G  V E L O C I T Y ,  CM/SEc (TRY O.001)’’;VSPM
1370 PRINT: PRINT’’ENTER  THE OIL-SPM  AGGLOMERATE SETTLING VELOCITY,” ;
12S0 I N P U T ”  C M / S E C  I T R Y  O.O[:][:]l ]’’;VASPM
12”30 P R I N T :  PRINT’’ENTER  T H E  oIL-SpM R A T E  CoNSTANT  FoR SpM Loss,,{;
t4@>  I N P U T ”  Cc,’[GM*SEC>,  T R Y  (:).Ij34t1;ALpHS
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‘!?:rJT:  rH[NT’’ENl_EN  THE SPPI EILITTIJM 5UURCE  FLUX i“ERM,  (GM, I~M -*z E ,
I) JPu T” I T*RY  4.6 D-05)  ’’; FZE R
PRINT: PRINT’’ENTER THE 5PM HOTTOM  DEPOSITION RATE CONSTANT, CM/iEJ,  ;
INPUTr’ ITRY 0.04W’’;5II;ZER
PRINT: INPUT’’MANT  TO START OFF WITH STEADY-STATE SPM’’;ANSPS
CLS
GOSU13  ~~qo
PRINT:PRINT”l. 5PM SETTLING VELOCITY,  CM/SEC = “;
PT=’JSPM
!EOSLIB  7210
PRINT”2. ,31L-SPM  AGGLOMERATE SETTLING VELOCITY, CM/SEC = “;
PT=v.4SPM
GOSUB 7210
PRINT”3. OIL-SPM  R A T E  C O N S T A N T  F O R  SPM LOSS, CC/~GM*SEC)  = “;
fJT=~Lp~s

GOSL!E  7210
PRINT”4. S P M  S O U R C E  F L U X  T E R M ,  GM/{Ctl’’2*SEC:)  ❑ “;
IJT=FZER
GOSUE 7210
PRINT”5. SPII DEPOSITION RATE CONSTANT, CM/SEC = “;
PTzSKZER
GOSUB 7210
PRINT”G. u S E  S T E A D Y - S T A T E  SpM pROFILE TO STARTS “;ANSp*
PRINT:  INPUT’’MANT TO CHANGE ANy’’;ANS$
TESTE%=LEFT%(ANS*,  1)
IF TESTS$=”N” GOTO 1830
IF  TESTBS=”n”  G O T O  1S33
P R I N T :  INPUT’’ENTER  THE L I N E  NUMSER  TO BE CHANGED’’;LN
ON LN GOTO 1700,1720,1730,1770,1750,  1 S 1 0
P R I N T :  INPUT’’ENTER  THE SPM S E T T L I N G  V E L O C I T Y ,  CM/SEC’’;VSPM
GOTO 1460
PRINTs PRINT’’ENTER  THE OIL-SPM  AGGLOMERATE SETTLING VELOCITY,” ;
INPUT” CM/SEC “;VASPfl
GOTO 1450
PRINT: INPUT’;ENTER  THE OIL-SPM  RATE CONSTANT FOR SPM LOSS’’;ALPHS
GOTO 1460
PRINT: INPUT’’ENTER THE SPM BOTTOM SOURCE FLUX TERM’’;FZER
GOTO 1460
P R I N T :  INPUT’’ENTER  THE SPM BOTTOM D E P O S I T I O N  R A T E  CONSTANT’’;SKZER
GOTO 1460
PRINT:  INPUT’’USE  STEADY-STATE SPPI  PROFILE TO START: “;ANSP%
GOTCI  1460
REM INITIALIZE THE SPM CONCENTRATION PROFILE.
TESTSPMS=LEFT$(ANSP9,  1:)
ISPM=l
I F  TESTSPMS=”Y”  T H E N  ISPM”2
I F  TESTSPM9=”Y”  T H E N  ISPM=’2
TESTOIL$=LEFTSfANOPS,  i)
IOIL=l
I F  TESTOILS=”Y”  T H E N  IOIL=2
I F  TESTOILS=”y”  T H E N  IOIL=2
REM IS COUPLING ON”?
ICPLE=l
TESTCPLS=LEFT$I’ANCPS,  1)
I F  TESTCPLS=”N”  T H E N  ICPLE=2
I F  TESTCPLS=”n”  T H E N  ICPLE=2
REM THE ACTUAL NUMBER  OF POINTS IS NPOINTSA+2
REM A POINT AT -DX ON THE LEFT BOUNDARY AND A
REPl THE RIGHT BOUNDARY. THE REASON FOR DOING

BECAUSE THERE IS
POINT AT +DX ON
THIS IS THAT

REM CENTRAL DIFFERENCE APPROXIMATIONS ARE USED FOR THE DERIVATIVES
REM AT THE SOUNDARIES.
NPOINTS=NP(31NTSA+2
APOINTS=CDEIL  (NPOINTS:]
NPOINTS1=NPOINTS-1
NPOINTS2=NPOINTS-2
NPOINTS3=NP01NTS-3

4 3 6



., - :, ~E?l-. ‘HE 3CTTOM i3UUNt2ARY JZNDI-13N  :3 IC=O  FGR Q[L AL.4A/5f
~ ~,, JrlPg[NTSi  1 =~)#

- )x) REM AS IS  W=(J FOR  THE OIL-SPM  A G G L O M E R A T E .-.
LI()() ,ltNPn[NTSl ) =(]!$
:11(] REM START  THE C A L C U L A T I O N .
~.j~c) REPI THE bJORk.ING UNITS A R E  G R A M - C E N T I M E T E R - H O U R .

‘c) DEPTHl=DEPTH*l(:l(:l#-.4.
-:A<l  DEPTH2=DEPTHI  *DEPTH1
:150 REM E X A M I N E  II*T+PIE 2/L 2 TO DETERMINE THE TIME REQUIRED
LLE.(, REM F(JR UNIT  D I M E N S 1 O N L E S S  TIME, SEE S E C T I O N  3.S, PAGE  112
2170 REM OF CARSLA!A  AND JAEGER FOR A SIMILAR PROSLEM.
:lei:) ‘vOIFF=VDIFFA*SECONOs
21?I0 TtiNITY=DEPTH2/VDIFF/PIEZ
~L[~I(j PRIfI.JT:  PR[NT’’T~l’qE  FOR UN[TY  DIM~NsIONLg~s  TIME, HOURS = II;
:21(:) P R I N T  USING’’##. ###’’;TUNITy’  ;TUNITy
L220 PRINT:PRINT’’THE  T I M E  S T E P  W I L L  BE T H E  ABOVE T I M E  D I V I D E D  BY ‘“;
2230 P R I N T  USING’’####.  ###’’;TDIVIOE
JJ4[] PRINT:  INPUT”[s THIS ACcEPTA~LE’’;ANS$
J:SCI TEsTH$=LEFT$iANS$,  1)
2260 [ F  TESTBS=”Y”  GOT(Y  2SL0
2:71) I F  TESTBS=”y” GOTO  2~lf)

2230 PRINT: [NPUT’’ENTER  THE VALUE YOU MANT’’;TDIVII)E
~~.~(:] GoT~ ~~~j
2200  REM SET THE TIME STEP.
2210 DT=TUNITY/TDIVIDE
2220 REPI NOW COMPUTE THE REOUIRED  TIME STEP WHICH IS LESS T H A N
2230  REFI THE CURRENT VALUE IJF DI’ TO ‘STEP’ ON A PRINT INTERVAL.
2340  TYtlE=O#
2250  TYME’3=. ’3’39”3**TYMEMAX
:260 PINT9=.’3999#*PsNT
~371} NsTEPsaFIX(PINT/DTl+l
2280  ASTEPS=CtlE1.tNSTEPS)
~3.3[> DT=pINT/AsTEps
z4@)  RDT=l@/DT
~.$1(> R E M  SET  T H E  F I N A L  pRINT  SW[TCH.
2420 IPFINAI..=1
2430 REM SET U P  T H E  PARAflETERs IN THE coRREcT uNITs oF GRAM.cM-HouR.
~-Wt] R E M  U S E  C M / H O U R  FOR THE R[slNG  oR sETTLING  vELocITy.
2-$50  REM THE OIL RISING VELOCITY IS NEGATIVE BECAUSE THE UP-DIRECTION
~.$.!j(j R E M  [s NEG~TIvE,  POSITIVE  Is DOWNO
2470 VROIL=- VOIL*’SECIJNDS
~+~{) vRspM=VspM~sECONDs
~-$%) VRAGG=VASPM*SECONDS
2S(:)(>  R E M  usE l/HIJuR  FoR  T H E  R A T E  coNsTANT  WITH uNIT spM  c o n c e n t r a t i o n
~~1(:1 R E M  OR GM/(cM-~sHouRs)  WHEN A  R EA L  spM c o n c e n t r a t i o n  Is uSED.
L!320  ALPHAO=ALPHO*SECONDS
~~~[)  ALPHAs=ALPHS*sE(-oNDs

1540 REM THE RATE CONSTANT FCIR THE APPEARANCE OF THE OIL-SP!I AGGLOMERATE
~~~~1 REM Is THE sum oF THE Two I n d i v i d u a l  R A T E  CONSTANTS.
:3G0  ALPHAB=ALPHAO+ALPHAS
L571:1  sZERo=sZER*sEcoNDs
L~B{:J FZERo=FzER*sEcoNDs
J3.3(:) ~KzERO=SKZER*SEcONDs
:boo GAMMA8GAMM*SECONDS
~~1(] f/Ef’l  NuM~ER  OF UNKNOWN  OIL coNcENTR~T~(JNs  so~vED FOR MUST BE SET
2620 REM To L FOR THE CJ(J~f/sE-M~TRIx  soL(JIN~  RfJUTINEo THIS ROUTINE
L630  REM SOLVES FOR THE N-2 LINWNOWNS  AtuD THE OTHER UNKNOWN IS SOLVED
;640  R E M  FoR JoFF-LINE.t THE REASON FOR THIS IS  AS FOLLOWS:
:sslj R E M  T H E  NuMBER oF G R I D  poINTs  1s NpoINTs,  HENCE T H E  NuflBER  oF
2E6[I  R E M  oF uN~NowN  OIL c o n c e n t r a t i o n s  [s NpoINTs. BUT,  THE OIL
~~7’:’  REM cONCENTRATION  AT THE OCEAN BOTTOM IS O. ,  I .E . ,  c(NPoINTsl)=o.
2680 REM BECAUSE OF THIS PAR~ICULAR  ZERO OIL  CONCENTRATION,  THE ~OIL’
~&g~ R E M  S Y S T E M  O F  Et3UATIoNs-[s  soLvED  THRouGH  NPolNTs-~ oNLy,  AND  T H E

J71jl> R E M  LAST  UNKNOWN  OIL CONCENTRATION  IS SOLVED  FOR AT THE SEND.?
2710 REM S O L V I N G  SUEIROUTINE.
J7~() l-.NpoINTs~
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. ..1 Lx I=  L-l
~,’4(j  I-AL=L-2
279:1 APOINTSI  =CDEIL(.NPCIINTS3  )
L7E,(:)  Ijx=DEPTH1/,4POINTSl
L77(:)  DX2=DX*DX
--3c) lJX4=4t$*DX
.-;~, ?EM CALCIJLATE  T!+E ELJLER  I N T E G R A T I O N  P A R A M E T E R S
;s(,(] REM FOR THE I N T E G R A T I O N  OF rHE FLIJX OF 011. TO THE aOTTOm,
L31(, i?EM  THE !OIL R E A C T I O N  L O S S ,  T H E  N E T  SPM FLUX AND THE SPM
ldlf:! REM REAcT?C3N  Lij!;5.
1320  EI)TDX=VCiIFF+13T/’DX
LaW REM AND FUR THE I?EA1;TION  L O S S .
Lfi5i]  EDT=DT
:J50 REM SET LIP THE SIMPSONS  INTEGRATION P A R A M E T E R S . DO NOT INCLUDE
...~7f-) REM Cf.1.I AND CCNJ  IN THE [INTEGRATION 8ECAUSE  THEY ARE OUTSIDE 17+E
LZSO  R E M  EiOUNDARIES.
::3”30 [!3’1P42=(NPoINTsA-2)/1’
2’2(:)(] HsMPa=DX/3#
“310 ALPHAa2=ALpHA0/2#
js:[:~ ALpHAs2=ALPHA!i/2#
:.’3stj  ALpHAB’2=ALPHAB/2#
2’34[> DOILDX=VDIFF/DX
2“3s()  DOILDX2=VDIFF/DX2
J“3@> DoILDXz2=DOILDX2/2#
37[> v4xo=vRoIL/Dx4
29s0 v4XS=VRSPM/DX4
L’3’30 V.tXB=VRAGG/DX-$
ZC)O(:)  REM THE C{I:) ARRAY sToRES  THE OIL  CONCENTRATION  PROFILE AT THE
XtIO  R E M  C U R R E N T  TIME,  TH E  u~.rj  ARRAY  STURES  T H E  CALCULATED  OIL
~[:i”~o  REM Concentrat ion PRoFILE  AT T H E  N E X T  T I M E  (STEP).
,~oao REM  THE A{2,N:~  ARRAY STORES THE COEFFICIENTS FOR THE CRANK-
S040 REf’1  NICOLSON  ALGORITHM FOR THE O I L .
~os(>  REM ALso,  THE s{I) ARRAY EiTOREs THE SPN CONCENTRATION PROFILE AT THE
2060  REM CURRENT TIME, THE VtI) ARRAY STORES THE CALCULATED S P M
3(]70  REfl CONCENTRATION  PRiJFILE  AT T H E  N E X T  T I M E  (STEP).
2090  REM THE 813,N:I ARRAY STORES THE COEFFICIENTS FCIff THE CRANK-
3(]-3{] REM NIcOLstJN  ALEORITHM FOR T H E  sprl.
31(:)[:} REM THE flAIN  DIAGONAL ELEMENT IS ~DIAGC1’  FOR THE C(I,J+l).
~11(>  REM THE MA[N  DIAGONAL ELEMENT IS ~DIAGC2t  FOR THE CcI,J).
3120  DIAGC1=DOILDXI+RDT
3120 DIAGC2=DOILDX2-RDT
21-W  REM THE MAIN DIAGONAL ELEMENT IS ‘DIAGS1’  FOR THE StI,J+I:).
2150  REM THE MAIN DIAGONAL ELEMENT IS 1DIAGS2’  FOR THE SII,JJ.
~l&:J DIAGS1=DIAGC1
~170 DIAGs~=DIAGcZ
31a0  REM THE MAIN DIAGONAL ELEMENT IS ‘DIAGBlf  FOR THE bJ(I,J+l).
SIW3 REM THE MAIN DIAGIJNAL  ELEMENT [S ‘DIAGB2f  FOR THE WCI,J)
22{:)[> DIAI.3B1=DIAGC1
2L1O DIAGB2=DIAGC2
1220  i?Efl THE U P P E R  D I A G O N A L  IS ~UDIAG~
~-~() uD[AGc=DoILDX22-V4X04-4.
22.$0 LJDIAGS=DOILDX22-V4XS
2250 UDIAGB=DOILDX22-V4XB
2:GI:)  REM THE LOWER DIAGONAL IS ~BDIAG*
2270 BDIAGC=DOILDX:’2+V4X0
2280 EIDIAGS=DOILDX22+V4XS
32’:0 HDIAGB=DOILDX22+V4XB
3200 GOSUB ‘3?J20
SsI(j LPRINT: LPRINT’$PROBLEM  PARAMETERS ARE As FOLLOl&S”
S2:0 LPRINT:  LPRINT’’VERTICAL  T U R B U L E N T  DIFFUSIVITY, Et’wCN/SEC  = “;
3230 LPRINT USING’’####. ##’’;VD1FFA
32140 LPRINT’’WATER D E P T H ,  rlETERS = “;
Zzs[:) LpRINT  usING’’###.  #’’;DEPTH
~s~{:) l-pRINT:  LPRINT’’tJIL  RISING VELOCITY,  c?l/SEC =  “ ;
337{:) LPRINT  uSING’’##.##’””” “’”’” ; v O I L
228(:] LPR[NT’’C)IL-SPM R A T E  C O N S T A N T  FOR OIL L O S S ,  CC/IGM*SEC)  = “ ;
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--” .?Ri NT uSING’’##.  ###” “;ALrHO
;4,(:) LPRINT’’OIL 2 I 3 P E R S 1 O N  R A T E ,  GM/[C?l+CMWSECj  = i ‘,;
-!<a... ‘1 LP!?INT  fJSI?4G’’#.*# - - - --R;“;a&L
;J~(j LPR[NT’’)+EXP(  { - “ ;
~+~~) LfJRINT  usING’’!4.l$W””  ““’;GAMM;
JA-+(j  1-PRINT”  ) ● SECOND51”
:4’CC,  LPRINT:LPRINT’’5PW  ‘5ETTL:!JG  VELLJCITY,  CM/SEC  = “;
~4&(j  LPR[NT  lJSING’’t$#.  ##’” “ ; VSPM
:47c) L?RINT’$OIL-SPM  RATE C O N S T A N T  F O R  S P M  L O S S ,  CC/(GM*SEC:J  = “;
;;~~, I-PRINT lJ~[NG’L##.W#’ “’;ALPHS
3.+;0 LPRINT’’SPM  EOTTOM  SOURCE  FL U X,  Gm/lCM2*SEC~  .  11:
:5(J(J LPRINT uSING’’*#.*i$’” “;FZER
251(1  LPRINT’’SPM  OEPOSXTICIN  R A T E  C O N S T A N T ,  CM/5EC  = “;
j’j~,~, I.PRINT iJSING’”##.##; “;5).ZER
252(I LPRINT:  LPRINT’’OIL-SPM  A G G L O M E R A T E  S E T T L I N G  V E L O C I T Y ,  CM/SEC  = ‘;
3540 LPRINT LISING’’##.##  ~~~ ““;VASPM
3550 LPRINT:  LPRINT’’TIME  S T E P ,  H O U R S  = “ ;
;560 LPRINT USING’’$#.##”’”:  ‘“;’’’;DT;
2570 LPRINT”, INTEGRATION TIME,  HOURS = “;
239(>  LPRINT  usING’’I$##. ##’’;TYplEMAX
25’30 LPRINT’’SPECIFIED  P R I N T  I N T E R V A L ,  HC)URS  = “;
JS(:)(:)  LPRINT USING’’##. ###’’;P[NT
2610 REM SAVE THE DEPTHS.
C620 FOR 1 = 1 T O  NPOINTS2
363(:1 X[.1)={1-l:I*DX
2640 N E X T  I
z~s~l REM ZERO THE ARRAYS.
3660 F O R  I  =  1  T O  NPOINTS
267(:)  S( I ‘ I =0*

2&130  C(I)=O#
GG’30 M( I) =i:)#
S7t:~\j  SG(I) =tj#
3710 CG(I)=CM
37’20 N E X T  I
3730 REM IF  THE REACTIoN  R A T E  coNsTANTs  ARE G R E A T E R  THAN zERo,
37-$0  REM TURN ON THE CROSS TERrIS.
3750 IF ALPHAO=O#  G O T O  27’30
3760 F O R  I  =  1  T O  NPOINTS
3770 SG(.IJ=;4$
;“7S0 N E X T  I
37’30 IF ALPHAS=O#  G O T O  2S30
:s[:](>  F(JR I = I To NpoINTs
2B1O  CG(I:J=l#
2S20 N E X T  I
3Q30 OILZERO=O@
‘;a.$(j  oN I~IL GoTo  333t),Se50
~8~~]  R E M  C A L C U L A T E  A  STEADY  STATE  (GAMMA=L>)  OIL CONCENTRATION  pROFILE.
J9&0  GOSU8 E1830
2S70 F O R  I  =  1  T O  NPOINTSA
2SS0 PNT([)=C(I+l)
383[:)  N E X T  I
~~(j(j R E M  I N T E G R A T E  T H E  I N I T I A L  NONZERO OIL pRoFILEe
2’31O GOSUB 8330
252(J  OILZERO=SUM1
~’3GG L P R I N T : L P R I N T ’ ’ T H E  INITIAL  oIL wATER-coLuMN  LoADING,  GRAMs  = !,;
“;’~-$(:)  LPRINT USING’’##.##@”’’”’”-  “;OILZERO
2350 SPMZERO=C)#
’360 ON ISPM  G O T O  4060,3’37(>.
3’37[:) R E M  CALIWLATE  A STEADY-STATE  5PM CONCENTRATION  pF/OFILEO
~~a[:] GIJSIJB  aq~()
2’3”3:) REM AND LOAD THE SPM STEADY-STATE PROFILE.
-$ I:l(lij F(JR I =  1 T O  NPOINTSA
4;)1,:) PNT(II=s(l+l,
-$lj~~) NExT  I
At:l: (:) QEM I N T E G R A T E  T H E  I N I T I A L  NONZERO spM  pRoFILE.
-$(:)+(:)  GOSUB  a~~(j
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::. :pM~EaQ.51~~1
:., !7” !:, .Pq!?J7’’THE  I N I T I A L  5PM W A T E R - C O L U M N  LOAD I)iG, GiF?AMS  ❑ ‘ ;
4,:17K)  I.? RINT lJSING’’##.  l$## “;5PMZE!W3
4[:)s,:] REM  FILL IN SOME ELEMENTS !4HICH  DO NOT CHANGE.
~ij~(j AEXTRA=-DOILDX/2#
4: :;,  DEXTRA=AEXTR14
41 :,:) A(2,1:)=-AEXTRA
~::c, A(I, l)=VROIL
4::”, B(I, l)=VRSPPI
41:,.I .BEXTRA2=DOILDk/’l#
415: GExTEAt~-fiEXTRA2
4!SC1  H(2, 1 )=EIExTRA~
41”:! Ei[.l, ll=VRSPtl
4;;() z(llslj#
413(:)  REM THE NEXT THREE STATEMENTS REFER TO THE OIL-SPM AGGLOMERATE.
4200 DC2,1.1=-DEXTRA
421’) Df.l,  l)=VRAGG
4:2(:} Gcl:I=f:J#
4 ~s(:]  REM INTEGRATE THE INITIAL OIL CONCENTRATION PROFILE.
q~.~~] FnR I =  1 T O  NPOINTSA
4250 PNTrI:l=CLI+l.I
4’260 N E X T  I
.4~7(:~  GoSIJB  83GC)
q~s[:) oILp=slJMl
42’30 REM INTEGRATE THE INITIAL 3PM CONCENTRATION PROFILE.
4Q@j  FoR I  = 1 T o  NpOINTsA
4310 PNT(I:~=S(I+l)
4320 NEXT I
4320 GOSUEI  322CJ
-+S40  SPMfJ=SUMl
4350 REM THE INITIAL OIL-SPPl  AGGLOMERATE CONCENTRATION PROFILE 1S
+250  REM ALWAYS ZERO,
-$370 AGLP=O#
42a0 REM AS IS THE INTEGRAL OF THE FLUX TO THE BOTTOM.
4S’30  AGFLIJx=O#
4400 REM THE INTEGRATION OF THE PROFILES IS DONE AT EACH TIME
441O REM INCLUDING T=O. THIS IS THE START OF THE EULER INTEGRATION.
4420 OILFLUX=[.C(NPOINTS2J  -CCNPOINTS))/4#
4430 OILLOSS=OILP/2#
4440 SPMCONC=S(NPOINTSl)/2#
4450 SPMLOSS=sPMP/2#
4460 REM IS COUPLING CJN~’
447(j aN ICPLE  G O T O  4480,4600
44S0 REM INTEGRATE THE INITIAL OIL*SPM  CONCENTRATION PROFILE.
+-$’3{> FoR I =  1 T O  NPOINTSA
4500 PNT(. I)=C(I+l)*S(I+l  )
4510 N E X T  I
4.520 GOSUB 132S0
4530 REM AND INTEGRATE WITH RESPECT TO TIME.
4540 CROSS=SUM1/’2#
-l~~c]  ICNT=(>
+560 F O R  I = 1 T O  NPOINTS
4!570  CG(I)=C(I)
.$58(:) sG(Ij=s(I)
45’30 NEXT  I
-$6(](> R E M  Do AN I N I T I A L  PRINT.
-!61(] GOSIJB  (jZst)
$620 REM START THE CALCULATION.
462d REM FILL IN THE OIL A N D  SPM TRIDIAGONAL  E L E M E N T S  I N T O  T H E
~bd(]  REM AI’2,NP(31NTS)  AND B[.3,NPOINTSI  A R R A Y S .
q~~~!  REM FILL THE uppER  oIL DIAGoNAL  STARTING  WITH A(1,2) A N D  R U N N I N G
4660 REM THROUGH NPOINTS3.
4670 F O R  I  =  2 T O  NPOINTS3
4S80 AI 1,1’I=uDIAGc
-!630 N E X T  I
47(:)(>  REM FILL THE MAIN oIL DIAGoNAL  sTARTING  WITH A(:2,2) A N D  R U N N I N G
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.:-4 “<~Gljl~H  FjpI~ [}J~~~o
. . “--p  : = : TO PIPOINTS2
b, “;(.I  ?Eil NOW GUESS THE SEDIMENT VECTOR AND COMPUTE ALPHA-PRIME
J;.$fl) ~EM FOR EACH  POSITION IN THE WATER COLUMN.
\ “50 FEM L E A V E  AT IJNITY  FUR NUW, J-i2-3S.

A ‘+{ A(L,I, =-!31AGC1-.4LPHAO2*SGI  :~
. . . . .E.(T  I

&; <EM FILL THE LOWER OIL DIAGONAL 5TARTING  WITH A(3,1J  AND RUNNING
!, ‘ jI;I ?EM  TI+RDIJGH  rlfWj[NTS3.

.13(, )(:, ‘OR  I  =  1  TO NPCIINTS3
.+ijl,:,  :.!2, ~ )=~~:,’,(;~:
.lF+lc] :JEXT  I
*,3ZI:) 7EM F I L L  Yf 1:) WITH THE OIL EOUNDARY  C O N D I T I O N  A T  T H E  TYME+DT  S T E P .
::34(:) ‘(l 1 , .SZERO*EXPI’  -(3AMMAi?t.  TYME+DT:):)
4:1s,:) ~EM FILL Y(IJ VECTOR STARTING WITH YI’2.I AND RUNNING THROUGH NPOINTS1.
4.3G0 FIJR I  =  2 T O  NPOINTS1
4B7f:)  IM=I-1
t3i+(j  :p=[+\
-I E! ’30 Y( I 1 =-EfDI.4GC*CI  IM:I+(DIAGC2+ALPHA0’2*SG(  I)  )*C(I)-UDIAGC*C(  IPI
J +(:,(:) NEXT I
+’310 R E M  F I L L  T H E  U P P E R  SPM DIAGONAL  sTARTING  WITH B{l,~)  A N D  RuNNING
4.3J(j  R E M  THRQuGH NpoINTsl. FILL THE MAIN SPM DIAGONAL STARTING
4’320 REM WITH E(2,2) AND RUNNING THROUGH NPOINTS1  WITH THE GUESS
4“341] REM OF THE OIL CONCENTRATION.
~“330 F O R  I  =  2! T O  NPOINTS1
4%(:) 8(1, I)=UDIAGS
497(>  B( ‘o-, X) =-DIAGSI  -ALPHAS2*CG[  I)
4“3S0 N E X T  I
4’3’30 REM FILL IN T H E  L A S T  Bi2,NPOINTS}  E L E M E N T .
~(>()()  H(,~,NpoINTs)  =BExTRAl

~(:)1~] R E M  FILL T H E  LOWER SpM DIAGoNAL  sTARTING  WITH ~<~,1)  A N D  RuNNING
5020 REM THROUGH NPOINTS”2.
~(:j~~ FoR I =  1  TO NPL)INTS2
5(:)4(> BL3,1:)=BDIAGS
~OS~  NExT  X
5{:@> B(S,NpQINTsl  :)=vRspM-s~zERo
5(:17(3  R E M  F I L L  Z(I) vEcToR sTARTING  WITH z~~) A N D  RuNNING  THRouGHT
5(:)80  REM NPOINTS1, NOTE THAT’ Z(l)  IS ALWAYS 0.
~(:]~i] FoR I  =  Z To NpoINTsl
~1(:)(}  Irn=[-1
5110 IP=I+l
5120 Z(I) =-HDIAGS*S{IM)  +4 DIAGS2+ALPHAS2*CG(  I) :j*S(I)-UDIAGS*Sc  1 P )
512[j N E X T  I
sl+~>  HEM AND F I L L  I N  Z(NPOINTS).
~15[j ztNpo[NTSj=-FZERo

5160 REM NOW SOLVE THE SYSTEM OF ECIUATIONS.
5170 GOSUB 7540
51S0 GOSUB 7B!50
51’30 lREM IS COUPLING ON”?
5200 ON ICPLE  G O T O  S 2 1 O , 5 4 O O
‘52iL1 ICNT=ICNT+l
5220 IF ICNT>ICRATE  G O T O  53S0
5220 ERROIL=O#
524(>  ERRspM=~#
2._51)  FOR I  =  1 T o  NpoINTs
2260 ERROIL=ERRQIL+ABs(cG(  I) -u(.1)’J
5:7[, ERRSPPI=ERRSPM+ABS{SGC  I)-V(’I:))
~~;ar:~  cG(,Ij=u(Ij
52”3(:)  5G\I.I  =V~ 1:1
52(:)(:) NExT  I
5;LLJ ERRoIL=ERRaIL/ApOINTS
‘5220 Ei3RSPM=ERRSPM/APOINTS
~SS()  PRINT:PRINr’loIL  ERRoR =  W;
;:41:j pRIiNT  usING,l##,##..~.-.  o,; E R R o I L ;
5;5(~ P R I N T ” ,  ‘5PM E R R O R  =  “ ;
zz~(j  pRINT USrNGtl##e  ##8.X..’.’  li;ERRSpM
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c?~,-, ,;,l -,7  :+;  :(:.
4 .,.-,-

~qEK) REM R E S E T  ThE ITZi?ATi2N  20u:JTER.
~~~(] IcNT=(>
z-$c,o  REM INCREMENT TIME, IPNTED=l  ?IEAN5  A P R I N T  A T  T H I S  T I M E
541(:I  REM HAS NOT OCCURRED.
S420 T’{ME=TYME+DT
‘542(,  PRINT:PRINT’’TIME  =  “ ;
Y-$-$[] F!?INT  USING’’##. ###””...;TyMETyME
“;+5(> IPNTED=t
y.+~~, REM RELOAD  THE CONCENTRATION  V E C T O R S  AND  SAVE T H E  A V E R A G E  OIL-SPM
547(1 R E M  COI’JCH’JTRATIUN PR12DIJCT.
~-le(:) FOR I =  1 T O  NPOINTS
“24’;0 R~I,)=C  iI:)+”S(Ij+lJ  (fJ*V~I}
~q(”)(”)  c ( I “1 =IJ( [ :). .
~:~:,:,  S[, I’) ,V( [:]
3520 N E X T  I
5520 REM NOW SOLVE FOR THE UIL-SPM  AGGLOMERATE CONCENTRATION PROFILE.
rs.w REM FILL IN THE OIL-5PM AGGLOMERATE TRIDIAGONAL  ELEMENTS INTO THE
~53(>  R E M  DC~,NPOINTS:~  ARRAy.

~~~d R E M  FILL T H E  u p p E R  nIL-spM DIAGoNAL  sTARTING  MITH D(1,2:) A N D  RuNNING
7570 REM THROUGH NPOINTss.
~Ss(> F O R  [ = “2 T O  NPOINTs~
~5’3(>  0(1, Ij=UDIAGB
%00 NEXT I
%10 REM FILL THE MAIN OIL-SPM DIAGoNAL  STARTING WITH D{2,21 A N D  R U N N I N G
5620 REM THROUGH NPOINTS2.
.5s30 F O R  I  =  2 T O  NPOINTs2
%4(> D(2,1)=-DIAGB1
5650 NEXT I
5660 REM FILL THE LOWER OIL-SpM  DIAGONAL STARTING WITH D<2,1J AND RUNNING
5670 REM THROUGH NPOIN.TS3.
56S0 FOR I = 1 T O  NP131NTS3
‘36”30 D(3,1)=B131AGB
57(:)O  NEXT I
5710 REfI FILL G(l) WITH THE OIL-SPM B O U N D A R Y  C O N D I T I O N  A T  T H E  TYME+DT  S T E P .
5720 G t 1:) =(j#
5733 REM FILL G(I) “VECTOR STARTING WITH Gf2j AND RUNNING THROUGH NPOINTS1.
5740  F O R  I  =  2 T O  NPOINTS1
575(:1  IM=I-1
57&j IP=I+l
57713 G(I:] = -BDIAGE@U(IM:j  +DIAGB2*WCI  )-UDIAGB*WtIP:l  -ALPHAB2*R(I  )
5790 N E X T  I
57’30 REM NOW SOLVE FOR THE OIL-SPM AGGLOMERATE CONCENTRATION PROFILE.
~s(:](j GosuB  s(j8f)
Sal(:) REM AND STORE THE NEW VECTOR IN W(I).
5820 F O R  I  =  1  T O  NPOINTS
5820 W(Ij=a(I:l
5840 N E X T  I
3B5CI REM INTEGRATE THE OIL CONCENTRATION PROFILE.
sss~)  FUR I = 1 T O  NPOINT%
5s70 PNTtI)=CcI+l)
5880 N E X T  I
5S9{:) GOSUB S330
5“3:10  OILP=SUM1
~“~1~ REM IN?EGRATE  THE SPM CONCENTRATION PROFILE.
5,3Z(]  FoR [ =  1 T O  NPOINTSA
5’330 PNTCI)=S~I+l)
5’340 N E X T  I
59!50 GOSUB 8330
5“;60 5PMP=SUM1
5’370 REM INTEGRATE THE OIL-5PM~AGGLOMERATE  CONCENTRATION PROFILE.
‘5’3G0 F O R  I = 1 T O  NPOINTSA
5’3’33 PNT/Ij=w(I+l.I
.,( ’)<:)(:) NEXT  I
51:)1(>  Gosu~ a~30
&(j20 AGLp.suMl
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----- .- .>,=
-4 . - . . } . . .  - - - ;l~~~ s’~’~~:  , &i~’:J
-;(:!  4,;,  ,; ~,w :-;T’~,~,?ATE  ThE ~~~+~pm  !~Jrj~ifi{T~~~~,j~J  O~{~F[-~.
z--- :~~:,: TCI ‘I?  OINT5A
SI:E,:, ‘N  T(II=C,  1+1,  +51. I +1)
-: ,:) ;,”) XIEXT I
& 3(:) :(]:;IJB  S220
::);,:,  ?EM AND INTEGRATE JJITH RESPECT TO TINE.

.. . ;;+3SSL =SUM1

. , 4 . ,=... CROSS=CROSS+C20SSL
51::, REM I?J”~EGRATE  T H E  ‘ L U X  !3F OIL  ~CJ THE SOTTOM  AND  R E A C T I O N  L O S S ,
!:, j : :’ ?EM “:”>fI  OEPCISITI(JN  A N D  R E A C T I O N  LUSS.
~~.1,:) ~ILFi.;:x  -nILFL:JX+  (C[rlPUI,VTS;)-  -C,rJPOINTS.l  l/2#
-;1:50 011-LQSS=\31LLQS5+(311-13
+ :<,0  3PMCOFIC=’5PMCOP4C+S(  NPOINTS1.I
~;l,’,:1 ,qr~MLO-S’3=4SpMLUSS+51>MP
~:3,:, RE M  l)lTEGRATE  THE oIL-spM  A G G L O M E R A T E  FLux To THE EQTToM.

til’~(:1 AGFLUX=AGFLUX+(.W(NPOINTS2:I  -W(NPOINTS’I  I/2i#
E,zo(:)  REPI 15 I T  T I M E  To P R I N T ’ ?
(=JL(> [F TYME*(=PINT’3  G O T O  69S0
b:;:,:)  FINT.3=.  y~}3’>#*I  PINT+TYME:)
s2’s(:) ,?EM D O  A P R I N T .
6240 GOSUB ‘3s00
&2!5c) LPRINT:LPRINT
6260 L P R I N T :  L P R I N T ’ ’ C 0 N c E N T R A T I O N  P R O F I L E S  A T  TIME = II;
&:7,)  LPRINT u~ING!!##.###Il;TyME;

c~~(:~ LPRINT” HQuRs *********+*******************
62’3(j GOSUB 7270
6300 LPRINT:  LPRINT’’MATERIAL  BALANCE INFORMATION “ ;
6S11> LPRINT’’tFOR  1  C M * C M  COLUMN  oF wATER):”
6220 REIY  CALCULATE THE TOTAL MASS OF OIL IN THE WATER COLUMN,
.5320 REM WHICH WAS DONE ABOVE.
6s-$~) LPRINT:LPRINT’’oIL  IN T H E  W A T E R  cQLuMN, GRAMs =.$!;
63S() LPRINT USING’’#@.  ###”’~’’”” ;oILp
6260 REM CALCULATE THE MASS OF OIL FLUXED TO THE BOTTOM.
6.370 BMASSO=[.OILFLUX  -(.C(NPOINTS2)  -C(NPOINTSl)/4#)*EDTDX
5280 LPRINT’’OIL  LOST TO THE BOTTOM,  G R A M S  =  “;

62’30 LPRINT  US[NG’’##.  W##.”’’’’””;  BPIASSO
S4CI0 UN ICPLE  G O T O  6410,6440
6410  CROSS”2=t.CROSS-CROSSL/2#:~*EI)T
6-$20  AMASSO=ALPHAO*CROSs’2
.54.20 GOTO 6450
644(:)  AMASSO=ALPHAO*(.OILLUSS-OILP/2#)  * E D T
645(j LpRINTIIOIL LusT  TH R O UG H  REACTIoN  W I T H  SpM,  GRAMS  s II;
5+60 LPRINT USING’’##.  ###’”’’’’””’;AFIA  SSoASSo
;470 TUTALO=AMASSO+BMASSO+OILP
648~:1 LPRINT:LPRINT’’OIL  I N  W A T E R  +  LosT A T  gQTTQM + LIJsT  THRQuGH R e a c t i o n ,  , ;
~~j(:)  [-pOINTjt  GRAMs  s f,;
6S(:1(:)  LpRINT  usING’’##O###AA_~*!~;  ToTALo
6310 REM C A L C U L A T E  T H E  OIL F LU XE D  lNTO  T H E  W A T E R  AT T H E  SURFACE.
S5Z(:J IF GAMMA=(:\#  G O T O  6550
552(:,  “SURFA”CE=SZERO*( l#-EXPI  -GAMMA*TYME))/GAMMA
55 $!:, GOTO as~o
6550 3JRFACE=SZERO*TYME
6560 SURFACE=SURFACE+OILZERO
6570 ILPRINT’’OIL  F L U X E D  I N T O  W A T E R  +  I N I T I A L  LUAD[NG,”;
~~a(:j  LPRINT”  G R A M S  =  “:
+:~,~[j LPRINT lJs IN G,*## #~@.-A..u.u  . -, WRFACE
SG,:JCJ  LPRINT:  LPRINT:L~RINTilSPM  IUNATTACHED)  IN THE WATER COLUMN,  GRAMS = “ ;
661{:] LPRINT  lJSING’’  ##. @##.~--~.’jo ; spMp
5G2c) CN ICPLE  G O T O  !5630,66S0
56S{) SPMREAC=ALPHAS*CROSS’2
5S.LG GOTO 15G60
6651:1 SPMREAC=ALPHAS*(,SPMLOSS-SPMP/SIIj  ● EDT
fi+;b(:~  LPR[NT’’5PM  LUST  THROUGH REACTION WITH OIL ,  GRAMS = “ ;
6Z70 LPRINT US.ING’’##.  l$##’”.”  ’’’’ ’;SPMREAC
<s13(j  ToTALs:spMREAc+spMp
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,-,>?l>jT:-,90:,?JT”  ~~w :N iJA-ZR  +  .;5T “+POIJEH  REACT  [C N”;
-.. ,y. ,-IJ.I. .l, ,,-, , ., :,’76-IV5  = ‘;

6710 LPRI.NT  JSING’’##.  $$## “;TOTAL5
<72cJ 5iPMFLUx =FZERO+”~’~ME  -S~”ZE~13*{SPlMCUNC-!3  (.NPOINTSl~/2#’j*EDT
572L,  LPRINT’’SPM  F L U X E D  INTG MATER  AT ‘dOTTQN  + I N I T I A L  I.UADI,NG”;
‘=$0 iLPRINT”,  GRAMS =  “ ;.J ,
S750 3PPIFLUX=SPMFLIJX+SPMZER0
t57Gt)  LPRINT  USING’’##.4Fi#’ “;SPMFLUX
F,?”,Y/ REM PRINT  THE OTL-5PM  AGGLOMERATE INFORMATION.
S73~)  l-PRINT:  l.Pf?[PIT:l-;J~?  I?l”r” ~[L-’3Prl  AGGLOMERATE [N THE WATER COLUMN, GRAMS  = “;
67’30 LPRINT  ‘JSING’’#lt. ;t#* “:AGLP
,jd(;,,:, &PlAG5A :, AGFLUX-f bJ~!JPOINTS2)  -W(.NPOINTS)  “1/4#”l*EDTDX
G31O LPRII’IT’’OIL-SPM  AGGLCIMERATE  FLUXED TO THE BOTTOM,  GRAMS = “ ;
=,32(:) LPRINT  USING’’##.  H##:’’’”’’’;  BMASSA
&sG() “F(JTALA=AGLP+13MASSA
i34Cl  LPRINT:  LPRINT’’GIL-SPM  IN W A T E R  +  LUST  T O  130TTOM, GRAMS  =  “ ;
(23% LPRINT  lJSIhlG’’##. ###”””’’””””;””;  TnTALA
6S60 AGRATE=.4LPHAB*CROSS2
6s7(:1  LPRINT’’OIL-SPM  AGGLOMERATE PRODUCED BY REACTION, GRAMS = “;
6GS0  LPRINT USING’’##.  ###’”’””’;’ ”’’’;AGRATE
66’30 ON ICPLE  G O T O  6900,697(:)
b’j(:}[j LPRXNT:  LPRIN”T’: LPRINT’’VECTI3R  C O N V E R G E N C E ,  O I L  =“;
6’310 LPRINT USING’’##.  ##’’’’”’”;ERRQIL;R  QIL;
6’3”20 LPRINT”,  S P M  =“;
6’~~0 LPRINT  USING’’##. ##””~’’’’”;ERRsP  M;RsPM;
5’340 LPRINT” O N  “ ;
6’350 LPRINT USING’’##’’  ;ICRATE;
b’3&) LPRINT”  I T E R A T IO NS .(’
6’370 IPNTED=2
6380 REM HAS THE SPECIFIED INTEGRATION TIME BEEN ATTAINED”?
6’3’30 I F  TYME:~=TYME’3 GOTO 7 0 3 0
71j(:)Ij REM THE INTEGRATION TIME HAS NOT BEEN ATTAINED,
701(] REM TAKE ANOTHER STEP.
7(320  GoTo  462[2
7(:)3(> REM CHECK  Td sEE IF A  F I N A L  P R I N T  I S  R E Q U I R E D .
7(:)4(> [F 1PNTED=2  G O T O  7121:1
7135[:)  REM Do A F I N A L  P R I N T .
71j&j ON IpFINAL GUtO  707(:),7120
7c17(j  IpFINAL=2
7[jS(> LpRIN”r:LPRINT
~(:),~(]  LpRINT:  LPRINT’’FINAL  PRINT FROM LAST T I M E  S T E P ” ;
71(j(:1 LpRINT” (NCIT NECESSARILY ON A PRINT INTERVAL) : “
7110 GOTO 6260
7120 LPRINT:LPRINT’’END  OF RUN WAS “;TIME$.
7130 CLS
7140 LPRINTs  INPUT’’WANT  TO DO ANOTHER CALCULATION’’ ;AGAINS
7150 TESTC$=LEFTS(AGAIN9,1  )
7160 IF TESTC$=”Y”  G O T O  GICI
717(>  IF TESTCS=”y”  G O T O  610
71S1:)  LPRINT TOF$
71”30 L P R I N T  TOF$
7200 END
7;l(:~  REM PRINT 3-PLACE SCIENTIFIC NOTATION.
~:~()  PRINT USING’’##.  ##”””’’A”;.”;  P T
“130 RETURN
7240 REM PRINT 3-PLACE FIXED NOTATION.
7250 PRINT  USING’’###’’;  IPT
726(] RETURN
727(>  REM THIS IS T}iE  R E S U L T  P R I N T I N G  R O U T I N E .
72S(:1 REM PRINT THE HEADER.
723(J  LPRINT:LPRINT” DEPTH’:;
7200 LPRINT TAB(21.I;
721(:] LpRINT’’oIL  CCjNC’”;
?::(:)  LPRINT TA8C26);
i~~(:~ LPRINT’’SPM  CQ[JC”;
“~~{:)  L.PRINT  TAB(51)J;
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L,? QINT’’OIL-SPM  C9NC”
:.: ..-,,.,, :?l )”;

- - - - - -.=RIINT  TAP 122:);
;~a(:,  ,-pRINT1i  lGM/’l~C]  ’i:

’330 LPRINT  TAEIf 27”);
,’4(:)(:) L?RINT’’,  ,3Y,CC)”;
:-$:., LPRINT  TAR,21i;
“1-: :-PRIF4T’’  :GPI.’!;C”
- - - -r ;,1., FUR I = 1 TO NPOINTSA
-::, :.:[+1
‘:5(:, LF,?I:JT  TAS,31;
‘~,;,:)  1.?R[NT  lJSIW’’W#.!$## “;X([);
“.$:(:,  LpRI(NT  TAB( ._:j) ;
:Id(, LP:?;NT  U51N13’’##.  l$lt#’ ““; ~IJ; I;
74>1:1  LP!?INT  TAEfCS”)  ;
;’50(:] LPR[NT  lJSINij’’H#. ###’””” u.r,J:];, .2
-,. . .

J..I  LPRINT TAi3(.50J;
,,j-~<  IL7RINT U!31NG’’##.  H##’ ““’  ’’;bJ(J”J;., . .,

T52L IF  I .  1  GOTO 7570
7540 LPRINT  TA8(63);
~~~[]  LPRINT”  ( ~lJRFACEj  u
7560 GOTU 7620
7570 IF  I NPOINTSA  G O T O  7610
75S0 LPRINT TAs(b2:);
~~%:~  LPRINT” (BoTToMj !!
:7G(j0 G13T0  7620
7S1O  LPRINT
7!52(>  N E X T  I
7GX.I  RETURN
7640 REM THIS IS THE SPARSE  MATRIX SOLVING ROUTINE FOR THE O I L
7630 REM CONCENTRATION VECTOR.
7660 REM SEE THE DERIVATION NOTES OF 7-14-66.
71470 A(1,2:) =A(1,2) -AEXTRA*A(2,  1)/A(2,1)
7680 FOR I = 2 TO L
76’30 IM1=I-1
7 7 0 0  ATEMP=A(3,1Mi:J/A(2,1Ml  j
7710 A(”2,1:)=A(,2,1J  -A{l, IM1)*ATEMP
7720 YfIj=Y{ I:~-Y(IMl)*ATEMP
7720 N E X T  I
7740 REM NOW PICK UP U(N).
775(3  YINPOINTSl  l=YINPOINTSl  )-Y(.NPOINTS2)*BDIAGC/At2,  NPOINTS2)
77S(:] u(.NPOINTS)  =Y(NPOINTS1  )/UDIAGC
7770 REM NOW RACK SUEISTITUTE  AND STORE THE SOLUTION IN THE U VECTOR.
7780 U(L.I=Y(LJ/A12,L)
77’31:1  FOR I = 1 TO LM2
~~f:,[j [N= L-I
?E31f:J UIIN)=(Y(  IN’I-A(l,  IN)*U( IN+ll)/Af2,1N)
783:) N E X T  I ●

7E320 U(IJ=r,YI. l)-A(lfl)  W(Z)-AEXTRA*U(3)  )/A(2.1)
7W0 RETURN
725KI REM THIS IS THE SPARSE MATRIX SOLVING ROUTINE FOR THE S P M
T3S0  REM CONCENTRATION VECTOR.
‘ 3 ? 0  13(l,2j =B(l,2’) -BEXTRAl*B(3.  1)/Br2.1:1
;’79{:) FOR I = J TO NPOINTS1
78”311  IMlaI-I
7“jIjP  HTEMP=B(~,IMl)/B(~,IMl  j
~;’llj H(-.-, I) =B(2,1:J  -B(l, IMI:)*EITEMP
792(>  ZiI.~=z (I:~-Z(IMlj*BTEMP
7’320 >JEXT I
7940 E113, NPOINTSIJ  =Bi3,NPCIINTSl  J-HEXTRA2*B(  1,NPOINTS2)  /B(2,NPOINTS2)
?~~(~ ZINpOINT:~j  =z[NPuINTS”,  -BEXTRA2*z  (NPOINTS2)/B(2,NPOINTS2)
?’350  B{2, NPOINTSj  =B(2,NPOINTS3  -B(2, NPOINTSl)*B~l  ,NPOINTS1.)/B(’2,NPOINTSl  J
,9 j-,:! :! NPCiINTS.I  =ZINPOINTS  J -H! 2,>lP131NTSl )*ZtNPOINTS1  J/Bt”2,NPOINTSl,I
73S0 ‘PINPOINTS)=  Z(,NPOINTS  J/E 2,NPOINTS)
?;jf:)  F O R  I =  1 TJ NPO[NTS2
ailO(l  iN=NpoINTs-I
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<,,:;j ‘jfINI=tZJ:)lI-SI:,[Fl)*~/  f[pJ+l)l/B(l,~,N1
3(:]20 NEXT I
~(j~(j  REM N O W  P I C K  U P  T H E  E X T R A  T E R M  AT THE 7iJP OF THE M A T R I X ,  ?J07E
.~[:,q(:)  REM T H A T  Z(.lJ =0.
slj~(>  VIIJ =iB(l,11*v(2 j+BEXTRAI*V’2)J/!3  [2,1)
9(:I@) ~J(tJ=-v(lj

507(:)  <ETLIRN
3(a0 QEM THIS IS Tt+E SPARSE MATRIX  SOLVING ROUTINE FOR THE OIL-3PM
q,:,j,:) REM AGGLOMERATE CCINCENTRATION  VECTOR.
a~oo  REM T H E  C OL UM N IJECTUR C O N T A I N I N G  TH E  ‘LAsT-TIME-5TEp’  [rdFoRrnATIoN
9110 R E M  I S  G(I),  I . E . ,  T H I S  I S  ‘Yf
8120 REM -+EE THE D E R I V A T I O N  FJOTES  O F  7 - 1 - $ - 8 6 .
3L31:I  D(1 ,:.>=D( 1,2:) -DEXTRA*D(2,  l:j/D(2,1.I
3140 FOR I = 2 TO L
S150 Irll=I-1
al&>  DTEMP=D(3,1tll~/D(2,1Mi  :)
S170 Dt2,1:l  =D12,1:l  -D(l,  IMIJ*DTEMP
S1S0 G{ I)  =G(Ij-G(  IMl:~*DTEMP
131’30 NEXT I
SZI:I13 REM THE NEW OIL-SPM  AGGLOMERATE CONCENTRATION PROFILE IS
E1210 REM STORED IN Q(I).
82’20 REM NOW PICK UP O(N).
822(j  G(NPOINTS1  )=G(NPOINTS1  :}-G(NPOINTS2:)*Bf)IAGB/D(2,NPOINTS2)
8240 O(NPOINTS)=G(NPOINTSi)/UDIAGB
8250 REM NOW BACK SUBSTITUTE AND STORE THE SOLUTION IN THE Q VECTOR.
S260 CJ(L)=G(L)/D(2,L.I
S271j  FOR I = 1 TO LM2
8280 IN=L-I
a2’30 Q(IN)=(G(  IN)-D(l,  INI*Q( IN+ll)/D(2,1N)
S200 NEXT I
831O  Q<l)=(GC  1)-D(1,1)*Q(2)  -DEXTRA*QC3))/l)<2,i)
8320 RETURN
a230 REM INTEGRATION OF THE PNT(I) VECTOR BY SIMPSONS  RULE.
83$0 REM THE PARAMETERS ISMP42 AND HSMP3  MUST SE CALCULATED IN
S350 REM THE MAIN ROUTINE BEFORE THE FIRST C A L L .
8260 REM ISMP42 IS THE NUMBER OF (4,2J PAIRS IN THE INTEGRATION SUM
8~7(>  R E M  A N D  I s  EQuAL To (NpaINTsA-~:)/~, A N D  HSMP3  IS THE INTERVAL
S3S0 R E M  D E L T A - X  D I V I D E D  BY 3.
a2’30 SUMI=PNT(l)
8 4 0 0  F O R  I =  1  T O  ISMP42
841[) K=2*I
B42(j  SUtll=SUMl+4#*PNT(iij+2#*PNT(  ii+l)
S430 N E X T  I
8 4 4 0  SUM1=(SUM1+4$I*PNT(K+2)  +PfUT(K+3))*HSflP3
84S()  RETURN
B460  REM SUBROUTINE TU CALCULATE THE STEADY STATE SPM PROFILE.
8470 REM CALCULATE SOME TERMS USED THROUGHOUT. THERE IS NO REACTION-
84S0 REM RATE CONSTANT FOR SPM LOSS IN THE STEADY-STATE SPN PROFILE
a4’30  REM B E C A U S E  T H E R E  M U S T  B E  AN O I L  C O N C E N T R A T I O N ,  A N D  T H E RE [s N O T .
8500 REM IF THERE IS A NEED TO PUT A REACTION-LOSS TERM IN,
‘a510 REM A D D  ALPHAS*OILCONC/VDIFF  TO SQRARG,  AND ADD
a520  R E M  2*VDIFF*ALPHAS*131LCONC  TO  B R A C K E T  (SEE BELOw). B U T ,  OILCONC
a530 REM MUST BE DEFINED AND IT MUST BE UNIFORM IN THE WATER COLUMN.
a5-bO VX2K=VRSPMi(2#*VDIFF)
S550 SQRARG=VX2K*VX2K
8560 REM IF THE SQUARE-ROOT ARGUMENT IS ZERO,  THE STEADY-STATE SPM
8570 REM PROFILE IS FZERO/SKZERO.
85E0 IF SQRARG<XM)  G O T O  8640
85”30 CSPM=FZERO/SiCZERO
8(500  F O R  I =  1  T O  NPOINTS
8611j S{[)=CSPM
B620  N E X T  I
a630 GOTO S820
E!&Mj  ZETAZ=SQR(SQRARG)
3650 TWOII.’Z=2**VDIFF*ZETAZ
3S60 TwOKKZ=TWOKZ*SI(ZERO
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3571:) ~QACiET=~JRSP~*SK  ZE20
;tiai:]  fiEil CAL2JLATE THE !JENOMINAT3R  0NL% CIrlCE.
56;0  Z.< FTZ3M=EX P’ZETAZ+GEPTHI  )
3700  S:>JHL=!EXPTERM-i#/EXPTERM  )/.2I$
8710 COSHL=(EXPTERM+l#/EXPTERM)  /1#
37:0 DENOM=~TWO~:KZ*COsHL+ER~C~ET*s  INHL”~/FZERO
d?:<)  FCIR I  =  1  T O  NPOINTS
5-40 <=CD.BL(I-”2.I*DX
~~~(1  HARG=ZETAZ*x
9760 EXPTERM=EXP  (}{ARG:J
d770 31NHX=(EXPrERM-l?$/EXPTERM”I  /2W
3790 COSHX=IEXPTERM+lB/EXPTERMJ  /2i#
S7’311 EXPLEAD=EXP(  VX2K*~.X -DEPTH1”) j
;300  S,, Il=EXPLEAD*(,VRSPM*SINHX+TWOliZ+COSHXj  /DENOM
~al(:l NEXT I
39L0 RETURN
SS20 REM SUBROUTINE TO CALCULATE A STEADY-STATE OIL P R O F I L E
SW(I  REM WITH EXPONENTIAL DISERSION  (.GAMMAj  SET  TO ZERO,
3s!50  REM OTHERWISE THERE  IS ND STEADY STATE PROFILE, SEE
S86<~ REM P A G E  2S OF 12-3-S7.
S 8 7 0  R E M  IT IS RECoflMENDED  T H A T  A  S T E A D Y - S T A T E  OIL pRoFILE  NOT EE usED,
13880 REM USING SUCH A STEADY-STATE OIL  PROFILE IS  SOMEWHAT ODD, I.E.,
S8’30  REM THE WATER USUALLY HAS SPM IN IT TO START WITH AND OIL IS
a’q(:)(:)  REM THEN SPILLED. XT IS DIFFICULT TO CONCEIVE OF A S I T U A T I O N  W H E R E
a’310  R E M  O I L  I S  A T  sTEADY  sTATE IN T H E  W A T E R ,  wT T H I S  S U B R O UT IN E  I S  H E R E

S’320  REM ANYWAY, MAINLY AS A TESTING ROUTINE TO GET THINGS GOING [N
S’320 REM MATHEMATICAL SENSE.
a940 R E M  CHECK T O  S E E  IF VROIL=O.
S“330 IF VROIL;;O#  G O T O  9030
a’360 IF ALPHAO:OB  G O T O  ‘3020
9970 SSOIL=SZERO/VDIFF
a“380 FOR I  =  1 T O  NPOINTS
a“39(>  X=CDBL(I-2)*DX
‘3(>(j(j C(I) =SSOIL*(DEPTH1-X  )
,~(:~lo  NExT  I
‘3020 GOTO 8S20
3030 AoIL=VRoIL/(2#*VDIFF)
‘9040 REM USE THE CORRECT REACTION CONSTANT FOR OIL LOSS, NOTE THAT THERE
9050 REM MUST BE AN SPM CONCENTRATION ASSOCIATED WITH THE OIL-LOSS CONSTANT.-
3060 REM SEE PAGES 25A OF 12 -“3-87 AND 25B OF a-9-8S OF THE DERIVATION
“3070 REM NOTES FOR COMMENTS ON THIS AND ALSO A SPECIAL CASE WHEN
‘90a0 REM THE REACTION CONSTANT IS LARGE.
9(:@) ALPHAU=ALPHAO*FZER/SiI.,ZER
3100  ZETA02=AOIL*AOIL+ALPHAU/VDIFF
‘3110 ZETAO=SQR(ZETAO”2)
3120 EXPl=EXPrZETAO*DEPTHl 1
9130  EXP2=l#/EXPl
‘3140  sINHo=(ExP1-ExP2)/2#
3150 COSHO=(EXPl+EXP2)/2#
9160 SSOIL=SZERO/(VDIFF*ZETAO*COSHO+SINHO*VROIL/2#)
3i7(j F O R  I = 1 T O  NPOINTS
51a0 X=CDBL(I-2)+DX
‘>L>o  ExPLEAD=EXP(AOIL*X)
“310(:)  Expl=Exp(zET~o*(DEpTHl  ‘x))

+Jltj s[NH*(Expl-1#/Explj /~#
3220 CC I) =SSOIL*EXPLEAD*SINH
3J30 N E X T  I
3240 RETURN
“~~~() REM Subrout ine To pRSNT  H E A D E R  ON THE SCREENO
~~6~:~  PRINT’ ’  INTERACTING oIL DRopLETs AND spM CALCULATIONt$
327(:1 PRINT’’CODE  NAFIE  I S  “;CODENS;
313(:) P R I N T ” , VERSION OF “;VERS
3:.30 RETURN

3200 R E M  S u b r o u t i n e  T O  P R I N T  pAGE  HEADERO
>210 LPRINT  TOFS
j~:() LPRINT’’FINITE-DIFFERENCE SOLUTION FOR INTERACTING OIL DROPLETS”’;
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“4330 LPRINT”  A N D  SPM.”
?~~(j LPRINT:  LPRINT1lCQDE  NAME Is ‘l;GC~EN$;

?;50  LPRINT”,  VERSION IS  “;VERS
3350  LPRINT’’RUN  T I M E  XAS “;RTIMES;
“337!3  LPRINT”, AND RUN DATE WAS “;RDATES;
93S0 IPAGE=IPAGE+l
>2’30  LPRINT  TA!3165:~;
:.+,.10 LPRINT’’PAGE  “ ;
5410 LPRINT LJSING’’##4#”;  I P A G E
942(j RETURN

‘a
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