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1. Introduction

The Biological Impact of an Oil Spill model, BIOS, is a multispecies

ecosystem simulation that quantitatively analyzes the expected impact of

hypothetical oil spill scenarios on fishery resources in the eastern Bering Sea,

It was developed at the request of the Outer Continental Shelf Environmental

Assessment Program (OCSEAP), and is a part of their eastern Bering Sea oil

impact study. This program documentation is intended to serve as a technical

reference for the BIOS computat ions of  the  subrout ine  FEDOIL,  which s imulates

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

contaminated  f o o d .

A full description of the OCSEAP study and its relation to the 1310S

model can be found in Laevastu and Fukuhara (1984). Details of the BIOS

computations for simulating fish migrations, uptake of oil contaminants from

exposure to oil contaminated water and sediments, and deputation of oil con-

taminants is given in Swan .(1984). The theory and underlying assumptions of

the subroutine FEDOIL, with examples of results, is given in Gallagher (1984).

As general background, BIOS is a gridded model that simulates uptake of

oil contaminants in selected marine species resulting from exposure to oil

contaminated water and sediments and the consumption of oil contaminated food.

The model includes sixteen marine species or species groups (Appendix Table 1),

simulates the expected impacts of two hypothetical oil spill scenarios (see

Laevastu and Fukuhara, 1984, for details), and has been

locations (Port Moller, Port Heiden, and Cape Newenham)

region of the eastern Bering Sea (Figure 1).

appl”ied to three

in the Bristol Bay
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Input data on oil  spil l  concentrations at each model grid point for each

s c e n a r i o  a n d  l o c a t i o n  w e r e  p r o v i d e d  b y

S c i e n c e  A p p l i c a t i o n s ,  I n c .  (SAI); d e t a

and Fukuhara, 1984, for references).

R a n d  C o p o r a t i o n  i n  c o n j u n c t i o n  w i t h

1 s  a r e  p r o v i d e d  e l s e w h e r e  ( s e e  Laevastu

nput biomass data for each species or

species group for the three oil spill locations are given in Appendix Table 1.

A list of the parameters and values used in the FEDOIL computations is provided

in Appendix Table 2. Appendix Table 4 gives a list of symbols and abbreviations.

2. Sequence of BIOS Model Computations

The BIOS model is comprised of four sections as shown in Figure 2 (this

is an update of the model as described in Swan, 1984) . The main program controls

the model flow; ‘the subroutine OILBOT computes the “oil on the bottom’*; the

subroutine FEDOIL computes uptake of oil contaminants due to consumption of oil

contaminated food; and the subroutines PilGR and RANNAK s

uptake of oil contaminants due to exposure to oil contain

sediments, and deputation.

mulate fish migrations,

nated water and

At the start of each daily model time step, the main program

appropriate oil concentrations (in parts per billion (ppb)) for

scenario and location. These oil concentration data are read in

point ((N,M), location specific

“water soluable fraction” (WS F)

in the water. The main program

“oi 1 on the bottom” (TARS) that

and defined in the computer

that includes the dissolved

then calls the subroutine 01

includes the weathered

accumulates in a nepheloid  layer at the sediment-water

sediments (details are given in Laevastu and Fukuhara,

code)

reads in the

the selected

for each grid

, and are the

and emulsified oil

LBOT to compute the

and sedimentized oil that

interface and in the

1984) . The model then

returns to the main program and calls the subroutine FEDOIL.



jpnjq

01 9 oi.

.

-4-

nInputs
MAIN

* ‘>Tabulated
output

LOILBOT

L FEDOI L.

L Ml GR

0RANNAK

Main Program

Directs sequence of model .
calculations, reads input,
and prints output.

Oil on the Bottom Subroutine

Uses WSF oil concentration data to
compute the “oil on the bottom”, TARS.

Feeding Subroutine

Computes uptake of contaminants
through consumption of oil contaminated
food .

Main Migration Subroutine

Directs sequence of migration computations,
computes uptake of contaminants from
exposure to oil , and calculates deputation.

Migration Calculation Subroutine

Calculates actual migration and
contamination over model
amount of  contaminated b
model region.

redistributes
grid. Calculates
omass caving the

Figure 2. --Sequence of BIOS model computations.
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Upon completion of the FEDOIL computations described in detail below, the

model returns to the main program, which then calls the subroutine MIGR.

Details of subroutine MIGR and its associated subroutine RANNAK are given in

Swan (1984), and will not be repeated here. After completing the MIGR

computations, the model returns again to the main program. The main program

then prints selected outputs, increments the model time step, and repeats the

sequence of subroutine calls for the new time step.

3. Details and Technical Specifications of Subroutine FEDOIL

Subroutine FEDOIL is called once during each time step (LL) of the simulation

and computes the uptake of oil contaminants due to consumption (CONOIL) for each

species (J). It then adds this value to the current level of oil contaminants

(OILCON) in the given species. After completing the computations for all species,

FEDOIL returns to the main program. A general flow diagram of the subroutine

is given in Figure 3.

FEDOIL first sets general constants for use in subsequent subroutine equations,

and then begins to loop through the species specific computations for feeding.

The first step in computing the uptake of contaminants is to determine the species

specific food coefficient (TOH LL,J) ‘f the given t ime step (LL).

The food coefficient (TOH LL J} for  each  species  group (J) is computed as a
$

function of percent body weight daily. The basic rates of percent body weight

daily (TJJ, given as a fraction) , are prescribed by month (t) and adjusted

for seasonal variation via the harmonic function:

‘OHLL,J = T JJ + [0.35(TJJ) cos (ALP(t) - GKAP)] (1)

where ALP is the phase speed and equals 30°; t is the month of the simulation; L L

is the daily time step of the simulat’

month) ; and GKAP is the phase lag and

Laevastu and Larkins (1981), and is d’

on (i.e., TOH is held constant

This equation ise q u a l s  1 7 5 ° .

scussed in detail in Gallagher

over a

taken from

(1984).
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* ttAiti  PROGRAt4

L
t

I

* READ DA A FOR ST PECIES (J)

DATA FIELDS CONSTANTS C SPECIES RATES

011 Qmcentrations  (USF,  T A R S ) Percent Body Weight Daily  (TJ)
Species Contamination (OILCON) Food Composition Table (FODCHP)
$pecles  Biomass (ACT810) Rates of Food Uptake (ACFRC1,  ACFRC2)
Land-Sea Table (ISL) Petabollsm  Efficiency (EMF)

Bioaccunulation  Rate (BAR)
Harnmriic Constants (ALP, GKAP)

I
~.
‘LL ,J - T JJ  + [ 0 . 3 5  (TJJ)cos(ALP(t) - GKAP)]

J

FODCW  * 1.0

1-
P

y

{ ,

1 .0 ,  WSF :0. lppm
.90, O.lppm <WSF~O.5ppm -~

ACFRCI = .75, 0.5ppm <WSF: l.Oppm
.~O, l.Oppm < WSF:2. Oppm 1

WSF > 2.Oppm

4

1.0, TARS < O.lppm
.95, O.lppm ~ TARS :0.5ppm
.8o, 0.5ppm < TARS ~ l. Oppm
.70, l.Oppm < TARS ~ 2.Oppm
.30, 2.Oppm < TARS : 10. Oppm

P E LJ = FOOCHPJ

DE14J = 1.0 - PELJ

<
VALfJEI - (PELJ)(MSFLL H J(ACFRCILL J)

)
VALUE2 - (DEMJ)  (TARS L; ; J(ACFRC2L;  J

,-ONO’  ‘LL .J =  (70H LL ~)(vALuEl +’VA~UEz)(9M(iH0

~epeat  for all species (J) and grid points (N,H)

. . AVarious Time

‘Ke’”rn~

Figure 3. --Flow diagram of subroutine FEDOIL
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After computing TOHLL ~, the subroutine next checks the percent composition
?

of pelagic food items (FODCMP ) in the diet of the given species in order toJ

determine which of several equations to use in computing the value of CX3N0 IL.

As a first approximation, the general food composition data for each species

or species group are assumed to be comprised of either general pelagic food,

general demersal food, or a combination of both.

If the diet of a given species (J) is composed only of pelagic food items

(i.e., FODCMP=I  .0), then the amount of oil contaminants  taken up through feeding

during time step LL, CONOILLL ~, is given by:
9

cONOILLL,J = (TOH LL j(ACFRCILL J)(WSFLL ~ M)(BAR)(EMF)9 9 ?>
(2)

‘here ‘CFRC’LL,J
is the actual fraction of a species diet that may be consumed

and is a function of oil concentration, WSF LL N ~ (see Appendix Table 3); BAR
93

is the bioaccumulation ratio between oil concentration in the environment and

oil concentration in the food items in a species diet; EMF is the efficiency of

metabolism of oil contaminated food items; and other parameters are as previously

given. (The preliminary values for parameters BAR and EMF are 50.0 and 0.75,

respectively. See Laevastu and Fukuhara (1984) and Gallagher (1984) for a full

discussion.)

Equation 2 is a reasonable approximation given the additional assumptions

that 1) a species biomass is constant across the grid and for the duration of

the simulation due to the limited temporal and spatial scales of the study; and

2) that in computing the amount of oil contaminants taken up during feeding, no

attempt is made to try to estimate species specific growth or consumption rates;

instead, each species (J) is assumed to get its full food requirement (food

ration) for each time step of the simulation (i.e., there is no starvation).

This topic is discussed in detail in Gallagher (1984).
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if the diet of a given species (J) iS composed  only- Of derneral food iterns

(i.e. , FODCMP=O) , then the amount of oil contaminants taken up through feeding

during time step LL, CONOILLL ~, is given by:
s

CONOILLL,J
= (TOH LL J)(ACFRC2LL,J)  (TARS LL,N,M)(BAR)(EMF)

9

(3)

‘here ‘CFRC2LL,J is the actual fraction of a species diet that may be consumed

and is a function of oil concentration, TARSLL N ~ (see Appendix Table 3) , and
9 9

other parameters are as previously given.

if the diet of a given species (J) is composed of both pelagic and demersal

food items (i.e., OZFODCMpZ1.O ),” then t h e  a m o u n t  o f  oil c o n t a m i n a n t s  t a k e n  u p

through feeding during time step I-L, CONOILLL JS is given by:
?

cONOi LLL,J
= (TOH LL ~)(VALUEl + VALUE2)(BAR)(EMF) (4)

9

where

VALUE I = (pELJ) (WSFLL,N,M)  (ACFRC1 LL,J)

and

VALUE2  = (~EMJ) (TARs LL N M) (ACFRCZLL  j
99 ?

(5)

(6)

and where PELJ is the fraction of pelagic food items in a species diet and is

equal to FODCMP; DEM is the fraction of demersal food items in a species diet
J

and is equal to (1.0 - PELJ); and other parameters are as previously given.

The subroutine now adds the computed amount of oil contaminants taken up

through feeding (CONOILLL,J) to the current amount of oi 1 contaminants al ready

existing in the species (OILCONJ). These data are then stored as parts per

million (ppm; i.e., milligrams (mg) of oil per kilogram (kg) of biomass), for

later use in other subroutines. These procedures are then repeated for all

species and all grid points for the given location and scenario. When all

computations have been completed, subroutine FEDOIL prints selected outputs for

the given time step (e.g., Appendix Table 5) and then returns to the main. program.
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A p p e n d i x  T a b l e  1 . - - L i s t  o f  s p e c i e s  a n d  i n p u t  b i o m a s s  d a t a  ( b y  l o c a t i o n )  u s e d  i n

B 10S~/.

2f?.?&2 I n p u t  B i o m a s s  DataZ/
No. P o r t  Moller P o r t  H e i d e n CaDe  Newenham

1
2

;
5
6
7
8
9

10
11
12
13
14
15
16

Herring juveniles
Herring adults
Pollock juveniles
Pollock adults
Pacific cod juveniles
Halibut juveniles
Yel lowfin sole juveniles
Other flatfish juveniles
Yel lowfin sole adults
Other flatfish adults
Pacific cod adults
K i n g  a n d  B a i r d i  c r a b  j u v e n i l e s
King and Bairdi crab adults
Mobile epi fauna
Sessile epifauna
Infauna

1409
1121
3708

11007
424
730
722

2004
800

2004
861
664
1654
5970
13930
19150

521
414

2322
6893
279
330
482
1472
534
1472
461
222
553

4995
11655
13750

1551
1234
3261
9679
307
24o
711
1650
789
1650
681
432

1078
6075
14175
19250

1/ The DYNUMES model (Laevastu and Larkins, 1981) was used to get initial estimates
of input biomass data for the three model locations of the BIOS model. These
data were in kilograms per square kilometer (kg/km2). Complete details on
methods used will be provided in the final report.

2/ The following assumptions were used to convert the data obtained from the
DYNUMES model to biomass fields for use in the BIOS model.

a ) Unless noted differently below, the breakdown of species biomass data
into juvenile and adult fractions was based on Niggol (1982).

b) DYNUMES species group 5 (halibut) was assumed to be 100% juvenile (i.e.,
in these shallow waters during this season).

c) Yel lowfin sole data were assumed to comprise 75% of DYNUMES species group
7 (yellowfin and rock sole).

d) DYNUMES species group 13 (Pacific and saffron cod) was assumed to be
100% Pacific cod.

e) DYNUMES species groups 7 (rock sole-25%), 6 (flathead sole, flounder),
and 8 (other flatfish) were combined to make up the other flatfish group
(sPecies  8 and 9) for the BIOS model. These groups were assumed to be
equally divided between juveniles and adults.

f) DYNUMES species groups 19 (king crab) and 20 (Tanner crab) were combined,
and using available survey data, assumed to be comprised of 71.4% adults
and 28.6% juveniles.

g) DYNUMES species group 24 (epifauna) was assumed to be 30% mobile and
70% sessi le.
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Appendix Table 2. --List of parameters and associated values used in the

equations of subroutine FE DO IL.

Food composition:’

No. Species (J) TJ~/ %PEL %DEl#’

1
2

:

2
7
8
9

10
11
12
13
14
15
16

Herring juveniles
Herring adults
Pollock juveniles
Pollock adults
Pacific cod juveniles
Halibut juveniles
Yel lowfin sole juveniles
Other flatfish juveniles
Yel lowfin sole adults
Other flatfish adults
Pacific cod adults
King and Bairdi crab juvenile
King and Bairdi crab adults
Mobile epifauna
Sessile epifauna
Infauna

.016

.010

.012

.007

.015

.012

.012

.012

.006

.006

.007

.012

.006

.019

.006

.006

100
95
95
72
81
43
20
20
15
25
30
30
10
0
0
0

5
5

28
19
57
80
80
85
75
70

:
100
100
100

l_/ Data taken from DYNUMES model (Laevastu and Larkins,  1981).

2/ The basic food composition data is given as the percent pelagic food in—
a given species’ diet; i.e., parameter FODCMP. Details on the estimation
of FODC14P are given in Gallagher (1984).

y [pEL= FODCMP]; [DEM= 1.0 - PEL].



Appendix Table 3. --Effects of various concentrations of WSF and TARS of crude  oil on the actual food uptake of
1 /selected marine species.—

Oil Concentration (CONC)
(in ppm) CONCSO. I 0.1< CONC@.~ 0.5<CONCSI.O ~.0<CONCS2.O 2.O<CONCSIO.O CONCZIO.O

Pelagic feeders (WSF)A’
ACFRCi 1.0 .90 .75 .50 0 0

Demersal feeders (TARS)
ACFRC2 !.0 .95 .80 .70 e 30 0

~/ For a more detailed analysis see Laevastu  and Fukuhara  (1984).

I
4
w

I

Al Values shown are the actual fraction of a species food requirement that would be eaten under the giveh
level of oil concentration.
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Appendix Table 4. --List of symbols and abbreviations.

ACFRC1 -

ACFRC2 -

ACTBIO -

ACTCON -

ALP

BAR

CONO

DEM

EMF

L-

FODCMP -

GKAP -

ISL -

K

LL -

LOC -

ME -

Fraction of species diet that may be consumed given the existing oil

concentrations of WSF.

Fraction of species diet that may be consumed given the existing oil

concentration of TARS.

Species biomass.

Total amount of food items consumed by a species - since there is no

starvation, it is a function of percent body weight daily

biomass (ACTBIO).

Phase speed (30° to reflect monthly adjustment)

Bioaccumulation  ratio.

Amount of oil contaminants taken up during feed ng.

Fraction of species diet that is demersal food - equal to

Efficiency of metabolism of oil contaminated food items.

Fraction of species diet that is pelagic food (input food

data) .

(TOH) and

(l. O-pEL)e

composition

Phase lag (175° to prescribe time when function is maximum).

Land-sea table - defines land and sea areas

Same as t (symbol used in computer code).

Time step of the simulation (i.e., daily).

of computational grids.

Index defining location of current simulation (symbol used in

computer code).

C o l u m n s  u s e d  i n  g r i d  a r r a y  -  l o c a t i o n  s p e c i f i c .
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Appendix Table 4 (cent’d)

NE - Rows used in grid array - location specific.

01 LCON - Current level of oil contaminants in a given species. .

PEL - Fraction of species diet that is pelagic food - equal to FODOIP,

MD - Radians.

t - Month of simulation.

TARS - Oil concentration “on the bottom”.

TJ - Basic species specific rate of percent body weight daily - defined on

a monthly basis.

TOH - Species specific food coefficient as a function of percent body weight

daily.

WS F - Oil concentration as “water soluable fraction”.
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Appendix Table 5. --Example of computed ‘contamination index’ of a species caused

by uptake of oil contaminated food~’.

Species No. 1 Location: Port Moller
Biomass: 1409.00 kg/km2 Time Step: Day 1

Total contaminated biomass?’
Concentrations in ppb (ug/kg) Kilograms (kg) Area (km2)

Cont. Index greater than 1000.00 0.00 0.00

Cont. Index 500.00 to 1000.00 5636.00 4.00

Cont. Index 100.00 to 500.00 73268.00 52.00

Cont. Index 50.00 to 100.00 28180.00 20.00

Cont. Index 10.00 to50.00 39452.00 28.00

Cont. Index 1.00 to 10.00 78904.00 56. oo

Cont. Index 0.10 to 1.00 394S2.00 28. oo

Cont. Index less than 0.10 5867076.00 4164.00

~/ A full discussion of these and other output data will be given in the final

report.

~/ Each grid point is a square of 4 km2. Thus the total contaminated biomass

at a grid point is equal to (AcTBIO x 4).
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6. Subroutine Listing in FORTR~’

~/ Computer code for the printing of selected outputs has been deleted.
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C
C******************** ● ******************* ● ******************** ● *********
c PAIN PRO GRAH
C**************:*****  *****************************************s*********
c
SFESET FREE
$~E~ gm~ CMNAF~ATS
SSEl L~$T ~I~EIhFo  ~T~CK
FILE l{KIND=CISKSTITLE=WOCSEJP/~TLCONlLOClaSFILElYPE=73
FILE 2CHIRO=CI:K>TITLE="UCSEhP~OILCCNYLUC2=EFILETYPE=73
FILE 3{KIM=g1SXSTITLE=-~CSE  #PYCILCCNYLQC3=9FILETYPE=7l
FILE 4XKIND=CKSK#TITLE=wOC  SEhP2JLOC2]LANDSEAueFILETYFE=~3
FILE 6{33ND=FXINTEF3

CEMM!2N/9LKl/NES  PE>KYLLsI:L
CCP.HCN18LKEIOILCC*ACT31C<16J
coH!!fJs/KfiFeIw3  IuLc<3#f6.1
CnPHCN18Lfl~IL101LCONC16#32*341
C~HHCtilCXLiUSFC  :Z034)9TlRSC:29  34>
DIMENSIC?i  ISLC32D34)POC32*34]S T3C43
NE=3Z~HE=34i K=8;LL=l;LLRAX=10$LOC=t

c
c .*------- —------- -..------0 - - - - - - - - - -  - - - - - - - - 0 - - - - - - 0 - - 0 - - - - - - - -  -*-*--

c USING  llEFINELl  LUCATISIN <I*EoP LUC=13#SET  ACTEIll EQU8L T(I 81ULC.
c alalc 35 A BL13CK CATA AFRAY c~NTAINIfiG  S P E C I E S  BIOHAS: DATA FOR

ALL THFEE OIL SPILL SCENARIO LOCAIICNSo
; - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - 0 - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - -

c
00 25 J=1s16
ACT31U(Jl=EIGLC tLOCsJl

25 CCNTIlliE
c
c . . . . . . . . . . . . . . . . . . . . . . --------------------- -------------- . . . . . . . s.z..m
c READ INFUT D A T A  FOR ISL ANO HSF
c NRRS IS THE TRiE S T E P  (!F THE IISF C A T A  (1.Eo> 1 a~Y =  24HFSI
c - - - - - - - -  -.* .  .  - - - -  - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - -  - - - - - - - - - - - -
c

c .  -  .  .  .  - - -  .  .  .  .  .  .  . . -  - - - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - -  .--~-
C  CHANGE  flXL CCNCENTFATICNS  FZCM P?6 Iil FP!4
c .----.--- ----*.*--*- - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - -
c

0f3 3 2  U=lshiE
00 3 2  l!=lsHE

22 u: Fcb R3=k:Fc  N@ H3/laoa.
c
c -S.a.-...- . . . . . . . . . . *-------- --------- ---.-.*. -- .*------ -000 ----------
c CCHp UTE tIL GN THE SC!TTCH



I oir

1l L11Vt1ECfl2

YDAECIED Ci BO11C1

C fl C E
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C SEE LA EVASTU MIC FUKUHARA  (1994)  FCIF  UETAILS
c - - - - - - - -  - - - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - -  -----s.-  ~------- - - - - - - - -  --c.~ig
c

ma=z.
c $LO=2 CC NTI!4UCUS Sill13CE?  3L!2=I

OL=2000.
c TAT TIPE ~~E~ IN HOURS

TbT’=24e
TO=20.
T= LL*1440.
KAL= 1

c KAL=o -  KU OIL !4tlVEMENl CN THE
c Kc - C& FFEliT IN CEXP S E E  CUll CILj K#  - TURBULENCE XNil E’X<Ntl T iJ5Ei?3:
c Lu -  PRINT SCALING INDEX

KU=3
KA=l
Lu=(j
UI=O *
VI=!3 a
CALL OIL ECTCHSF _LL*TO*CL>U# T4RS>TE#  EL O#UIg VI> KU> KAL#T~K4>Th  T3
UT=50*  -

VI=8.
IF CEAL*KEO1)GE  10 31
C4LL CIFCIL{  TAR SsKU~UI>lX sOL>LLsBLtJs  TzKAL)

31 CCNTMILIE
c
c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- ------------------- c------
c C A L L  FEECIL ARD llXG$
c .  - - - - -  . -  .  - - -  .  .  . 0  - - - - - - - - - - - -  - - - - - - - e .  ~.------- - - - - - - - - - - - - - - - - - - - - - - - - -
c

CSLL  FECCIL
CALL MIGF

c
c - - - - - - -  .  .  .  .  .  .  .  .  - - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - -  - - - - - - - -  - - - - - - -
c ltiCRE2Ebl IIPE ZTEP
c .-..z..a ---a...--  ---------------- ---------------- --------- ------ZS -----
c

99 LL=LL+ i
IF(LL.  CE. LLll AX3G~ TC 30

c
c -----... - - - - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - -  -e~-.-..  -..Z...- .--.S==. --z=e=
c ENC P41N Fli CGFbH
? .-.-.Z.-  -a---..-- ----------------- .----- 9- ---------------- --.-.--- .- *~-
:

STGP
END

c
● *********U***  ● ************** *************** ● 4*************  ● * * * * * * * * * * *
c flLOCX llAT.4
● ************** ● ************** ● ************** ● S************* ● ***********
c

CC MN WJ1fi  FEI~/BTOLC{3s16)
CC HXCNJVALUE  S/F CD CM PC IEl. TJ{16)
llh TA 31SLC/14f13a*521m*1551.P 1121. s416. s1234. ?

&370t0*22Z’2.*3261.* 11 007. *6 E93. *967 S.* 4Z4. ~279**3f17.  *
g730, s3300*240. * 531az5550s2190,  2004a 7147z-s1550e,
&9220D61E-s94~-*  Z094. S1472-S 1650.* f51.>461.s6ales
&664**2Z2.*~32e8  I 656.*552.*1072.* 5579. *4995 .~6f)75m~
Z1393C.  P11553.. I4I75** 19150 .*13750 .P19ZS0.1

DbT4 FICCHFf  1.00e.95..55P.7Z9  ● El*.42* .Z3P.2g Pm15v. 25, .3Cp
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~.30 P.la, c.a*o.3*a.  o/
CATA Tu/. 016..010012  S2007S7! )15,5, .~i2,.~12>.~~2B.9~Es.oo6>

~.oo??. cl’z,. ocg, .a19*. cGE*. oo6/
Etio

c /
C********************  ● *******************  ● ******************  ● * * * 8 * * * * * * *
c SIJEISOUTINE FEDOIL
~ s*******************  ● ******************* ● ******************************
c

C(JlfNCINJtlL/HSFC  ?2#343eTAR5C12~3k3
ccHHmJELKsIQ/Lcc9AcTaIG (16)
CCNHENiELKOIL101LC~N{16 P32s?4)
CQEHGNJ3LRllNE~  FE*K*LLV 15LC22?3fIl
Cg}MGYJVALUES/FCOCHPC163r  TJ$~53

c
c *--------  .  .  .  .  .  .  .  - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - -  --.se-.o--  9a0----
C SET C!3R2TAATS
c - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - -  .S-c----.  --.-z-.-- .-.-=-s-a -*.---
c

RAIl=13*Cj1745329
ALP=30 .*5A0
QCAP=175.  *RAO
VALCA=CC$C  ALP* K- GKAP3
BAR=50.
E, HF=O. 75

c
c - - - - - - - - - - - - - - - - - - - - - - - - -  -- —-----  --------~  - - - - - - - -  - - - - - - - -  ---z---e  e--m

c CGHPIJTE UPTAKE  (?F OTL CC NCENT3ATICN  DUE TC! CIllJTAHI?JATEE Film
c CCHCEN7:ATION5  hRE IN FFIJ ANCI ACTEIC IS 1?? KG
c FCQCW IS  T H E  Z CF PELIGIC FCtl E ITEPS  IN A  5FECIE5 CIET
: - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - -  -..-eawwe.  -W----.-.w

c
Da 9 9  J=a#15

c
TGH{J)=TJ(  J3+C0.35* TJCJ)*YALCA) .

c
iltl 10 N=l FNE
DG 10 P.=l>)!E
1F{ISLCNSH3.  EC. 03 GCI TG 10
ACFRCI=l.
ACFRC2=1.
XFCFCOCPFC  J). GT.  O.. AND. FOCC?4?CJ).  LT.1.03 GG TC 20
IF{ FCDCPFIJI.  EQ. I.0) GO TC 30
IF CT AR SCh~H). GT.19.0) AC FE CZ=3.
IF CT AR SC N> M). G7.2.0. AN O.TAF :CXSHI.  LE.1O.O)  ACFEC2=. ZU
IF CT A3SCh~H3.  GT.l.Om ANR.l A3 5{ N9U3.LE.2.03 AC FE C2=.70
IF CT AESCfi SH3.  GTO0.5. AN C9TAR  SCti~N).LE.  I.0) AC FRC2=.8Q
1FCTA9: Ch,  H1. GT. O.l. A/i O. TAli:[N, Ml .LE. O.53 4cF?C2=.92
AC TCCN=TCHCJ )* AC T31Ci  Jl
CCti UIL=TCRCJ3 *A CFRC2*TAFS  {K* M)*5AF*EMF
GXLCCN(JSR  SH)=OILCGN  CJ>NSPI+CCNCIL
GU Til la

213  IF CHSFtfi,143.  GT. Z.03 AcFlici=o.
IF CHSFCFSM).  GT. l. O. AN O.k SF[NSM3.  LE. 2.0)  ACFRC1=-59
IF CM~[NSM1.  GT. 0.5. AND. k:F(N. Nl. L E. I.03 ACFFC1=.75
IF CM SF CN>N3. GT. O.l. AN D. HSF{N,  HI. LE. O.51 AC FFC1=,90
IF CT AR SC A> MI. GT.10.01 ACFl?C2=fl.
IF CT A3$ifi*H1. GT.2.t). AN G. Tafi :CNSP).LE. lC.0) hCFXCZ=.2g
IF{ TAR SC NSHI. GT.1*9. ANO. TAR S{ NSPI  4LE*2.0) ACF3C2=.79
IF CT A95CK*MI  .GT.0.5. AN E.TA5  S[N. M3.LE.  I.. O) ACF!i C2+L?0



a cc1i1x1rE

TO CCi1i!4flE
c1rcc1)=oxrcc1'v)i).ccc1rC1OIriCH(1)iV CkC$CW)3E"E)tE
VC1CCWLCHC1)''C1BIC Cl)
IL(I1 Ck c1oTo'2ErrE O) CCT=QILCM2C)C1O2.YWDUkC14W)rEcIO) YCkCI=°2
ThCNaCYbH).C1 P0 D2EU1'YfESo) VCCIO

O ICN2CI'4)2L'S'O) YCt1C1O.
ec ic ic

YCCS3.91.14L

hEr= LU C C14 b CI)
VC1CCl1CHCI)CJ.3IGCl)
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c -------- . . . . . . ..- - .- . -------- 0--9  --------  .--  0---- -------- -------- -.e--~

c
c

ENC SURila UTINE
. -- ..-.--=- .  .  .  .  .  .  .  .  - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - -  --.-----*-  ze-

C
999 RETLIEN

ENQ


