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INTRODUCTION

The BIOS (Biological Impact of an 0il Spill) ecosystem simulation model
has been documented in several recent publications (Swan 1984, Gallagher 1984,
Gallagher and Pola 13984, Pola et al. 1985). The model was developed at the request
of the Outer Continental Shelf Environment Assessment Program (OCSEAP) as part
of their eastern Bering Sea environmental impact study. Two hypothetical oil
spill scenarios {(well blowout and tanker diesel spill) were simulated at each
of three locations in the eastern Bering Sea: Offshore of Port Moller, Port
Heiden and Cape Newenham.

During the course of the study, the BI0S model was modified to address
particular questions. For example, species-specific uptake and deputation rates
and their relative sensitivities were determined using a version of the model
with no spatial resolution (Gallagher and Pola 1984), while the spatial and
temporal extents of “tainting” of fish were examined using a gridded version of
the model with fewer species, but including fish migrations (Pola et al. 1985) .

This document describes the BIOS model concept and presents three versions
of the model developed for particular applications. It is intended to be used
by the prospective modeller as a general guide for application of a BI0S-type
model to any location. In addition, it serves a library maintenance function
by presenting the present physical locations (tape, disk, etc.) and file names

of model computer source code, input data and output programs.

B10S MODEL
Conceptualization
Effective computer simulation of the impact of an oil spill on an ecosystem
is dependent upon the accuracy of field and empirical data. Ecosystem interactions

are conpl ex and poorly understood; the added stress imposed on the ecosystem by



an oil spill further complicates the situation. The eastern Bering Sea ecosystem
has been effectively simulated by such models as PROBUB (Prognostic Bulk Biomass
Model) and DYNUMES (Dynamical Numerical Marine Ecosystem Simulation), both /
developed by Dr. Taivo Laevastu of the Northwest and Alaska Fisheries Center
(NWAFC; Laevastu et al. 1982, Laevastu and Larkins 1981). General ecosystem
simulation concepts used in these models were adapted to the BIOS model.
Available information on oil toxicity and the effects of pollution on fish were
then incorporated into the BIOS model.

Many of the processes included in DYNUMES and PROBUB were not applicable to
the simulation of the oil-spill scenarios. For example, the simulation of
growth was unnecessary, due to the short time step (daily) and duration of the
BIOS model run (550 days). The DYNUMES species composition was adjusted to
include only those species known to occupy the Bristol Bay region in summer .
However, several species groups were divided into juvenile and adult stages,
to allow for differences in susceptibility to oil toxins. The effect of oil
on the biota was modeled as a single-compartment uptake-depuration process.

No attempt was made to partition the effect of oil among various compartments
(gut, liver, etc.) due to insufficient quantitative data on oil uptake processes.

As a general rule, the BIOS model was kept as simple and generic as possible,

to avoid unnecessary assumptions.

Simulation

Gridded daily subsurface oil concentrations for each scenario and location
were provided by Rand Corporation. Sedimentation of the oil was simulated
with a model developed by Laevastu and Fukuhara (1985). The subsurface oil
concentrations (oil dissolved or in suspension in the water column, referred

to as WSF) and the sedimented oil concentrations (oil in or upon the sediments,



referred to as TARS) were used as input to the BIOS model. Model calculations
were performed with a daily time step at each grid point. A 32 x 34 grid was
used at each location for the accident scenario and a 50 x 50 grid was used for
the blowout scenario; in each case, 2 km grid spacings were used.

Wind and water temperatures used by Rand Corp. in the calculations of the
oil trajectories were c¢hosen so as to maximize the oil concentrations in the
wat er . The selected conditions corresponded to those typical of August. The
fish species which would be expected in August at each location were then
determined (Fukuhara (1985), and fish biomasses over each grid were estimated
(Gallagher and Pola 1984). Biomass was assumed to be equally distributed over
all grid points, due to insufficient spatial resolution of the data (Pola

et al. 1985), and was kept constant over the short duration (250 days) of

the simulations

Fish contamination was simulated by a single-compartment uptake-depuration
model (Wilson 1975). The species-specific uptake and deputation rates were
determined from field and empirical studies’ (Gallagher and Pola 1984) and
were kept constant for each species group throughout each simulation.
Contamination was computed in parts per million {ppm; mg hydrocarbons per kg
biomass). Contamination of 5 ppm was “taken as the threshold level for
“tainting” (detectable aroma or taste of petroleum) of fish, based on available
empirical data (Pola et al. 1985). In a recent study, Teal (1977) found that
uptake of contam nants from the water columm (through respiration or swall ow ng)
was approximately equal to uptake of contam nants from feeding. [n the absence
of studies to the contrary, this result was incorporated into BICS; that is,
upt ake through feeding was conputed and the resulting contam nation was
mul tiplied by two. It was assunmed that adequate food was available for all

model led fish species, therefore starvation was not included” in BIOS. The



fraction of pelagic or demersal food in each species’ diet was estimated;
contamination of the food was assumed to be directly proportional to the
concentration of the napthalene fraction of the” WSF (for pelagic food) or
the TARS (for demersal food).

“Three versions of the BIOS model were eventually developed. The first,
B1QS/NOGRID, was used to determine species-specific uptake and deputation
rates and their sensitivities, It contains no spatial resolution and the
external oil concentration is preset as a constant, or as a linear or
exponential function of time. Sixteen species groups (Table 1) were used in
B1O0S/NOGRID, as well as in the second version of the model, BI0S/GRID. This
second version includes spatial resolution and uses the gridded WSF values
provided by Rand Corp. and TARS concentrations computed by the Laevastu and
Fukuhara (1985) model. The final model version, BI0S/MIGR, includes fish
m grations. A larger conputational grid (e.g., 64 x 68 for the accident
scenario) is used in this version; however, only two fish species groups are

included. Migration speeds and directions are input to BIO0S/MIGR.

Computation
The amount of contaminantion in a fish species (Cf) at any time step (t.))

is computed in all versions of BIOS as:

— k,C (t) ._ - - -
Cf(td) = ]LO d exp( kz)) + Cf(td Nexp( k2) (n
“2
where CO is the external oil concentration, H is the uptake rate, and k2 is

the deputation rate. Equation 1 is a finite-difference approximate’ion to the

single compartment model discussed by Wilson (1975) and Moriarty (°1975) .



Equation 1 can be rewritten as:

cf( td) =¢* + CD (2)

wher e Cu is the ampunt of contanination taken up by a Ffish species at simulation
time step td and CD is the amount accumulated over previous time steps, after
deputation. The uptake of contamination is computed in the model as:

c - (FpoCWSF + FdBdCTARs) (1 ~exp(-k,) ) (3)

u

d

in a species’ diet, B,and B,are the pelagic and demersal bioconcentration

where Fp and F, are the fractions of pelagic and demersal food, respectively,

factors, the napthalene fractions of the oil concentrations

and CWSF and CTARS are
in the water column and in the sediments, respectively.

All versions of the model were run for up t050 days. The oil concentrations
provided by Rand Corporation were computed for 10 days in the accident scenario
and for 15 days in the blowout scenario. At time steps greater than those limits,

the oil concentrations in the water column for the gridded model versions (BIOS/GRID

and B10S/MIGR) were decayed at a constant rate:

k

WSF(t = WSF(ty-1) | e” Q)

d)n,m
where a decay rate (k) of 0.3 was estimated from the Rand data.

Migrations are simulated in BiOS/MIGR by the advection of contamination through
the enlarged grid, keeping biomass constant. The amount of contamination leaving

gridpoint (n,m) in the x-direction is:

Rx,n,m :(Gxt] uj)/L )
and in the y-direction is:

Ry :(Gyt|V|)/L (6)

where t is the migration time step, Listhegrid spacing, U and V are the



Table 1---Species groups in the BIOS model .

Species

pd
°

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 juveniles
King and Bairdi crab adults
Mobile epifauna

Sessile epifauna

I nfauna
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migration velocity components, and Gx and G,are contamination gradients:

6 = (600 ey = C(,] (7

X

G
Y

[6() gt - C(D, ] @

The subscripts i and j are de ffned as:

1 ., v<O

i= 0 , V=0
-1, V>0

.1, U<0
j= 0 , U=0
1 u>20

such that the gradients G, and Gy are taken in the “upstream” direction. The

contamination is then redistributed over the grid:

C(t+])n’m = C(t?'l ,m— RX.S‘-'W - Ry’n’m (9)
_ |

C(t+])n, ] C(t)n,mﬂ. * Rn,m (lo)
] 11

c(t+])n+i m C(t)n+i m + Ry,n’m ( )

The migration time step, t, is restricted by the stability criterion:

t|ux] < L (12)

where U* is the maximum migration speed in km/day. That is, for a migration

speed of 15 km/day and grid spacing of 2 km, t < .13 days.

COMPUTER PROGRAMS AND DATA FILES
File Names and Locations
Computer FORTRAN source codes for all three model versions resideon disk and

tape files on the Northwest and Alaska Fisheries Center (NWAFC) Burroughs B7800



computer. All BIOS files are stored under user code REFM0250. Disk files are
located on the TYVQ pack and tape files are located on tapenumber 4857. The

following are the program and data file names:

Program Files

PROG/BI0S/NOGRI D :Nongridded version of the B10S model used to
estimate model parameters.

PROG/BIOS/GRID :Gridded version of the mode’l; uses subsurface
oil concentrations (WSF) as input.

PROG/BIOS/MIGR :Gridded version of the model with fish
migrations and only two Ffish species.

SUBROUTINE/PLOTR :Generalized subroutine to draw line plots of

up to four variables.

Input Data Files

OCSEAP/0ILCON/LOC] :Gridded WSF for accident scenario, Port Moller.
OCSEAP/OILCON/LOC2 :Gridded WSF for accident scenario, Port Heiden.
OCSEAP/QILCON/LOC3 :Gridded WSF for accident scenario, Cape Newenham.
OCSEAP/01LCON/BLOW/LOCH :Gridded WSF for blowout scenario, Port Moller.
OCSEAP/0ILCON/BLOW/LOC2 :Gridded WSF for blowout scenario, Port Heiden.
OCSEAP/OILCON/BLOW/LOC3 :Gridded WSF for blowout scenario, Cape Newenham.

Program Listings
Annotated FORTRAN source codes for the three BI0OS model versions and for

the plotting subroutine are listed in the following pages. An example of a

plot generated by the plotting subroutine is given in Figure 1.
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PROG/B10S/NOGRID

SRESET FREE

$SET LIST LINEINFC STHCK

FILE 6CKIND=FFINTER)

FILE 7C(KIND=[ISK,NEWFILE=L.TRLlE.)

CIVENSICN TAELEC(1A),TAELEL1C30,12),TJC16)»TCHCLIEDCOMVRL(L) >
EXCOMAXC &) ,FOLCPP (16)»KKZ (16 ), SAVLEC(EC,16)»FNSF(Z0)»
LPTARSCS(),SFDCMFL16)

REAL KNZ,X2 s KCMZX»NERDIL

BATA J1,02,J3sIFFLCT/19€51€507/

DATA TJ/<0162.01C5.0125.0072-01%5.0125.0125.012,.0C0€5.CCE>
'QOQ?'OC]Z’. Ccﬁr oClg'OOCEDQCCG’ .

DATA FCLCMP /1e0C9 e9592959e7275eB1547022092200.155.255.30>
"30’-1(: lCoO'C.O!Co{.‘,

CATA KKZ/7e1G58C4Cr 1320279 158C4Cro1220275.15804C,.1€€29.1EELs1€6E4
2961109511095 1320C27 9334224+ .2228235.198C420.C2460,.0653207/

2R LA R AR A IR AR AA R FE AR AR S0 A RA SR AN N ASANRRAARAN SRS RARS A SRS ERRRASRAR S
THIS VERSICA IS USED FCR SENSITIVITY ANALYSIS
THIS FFCCRAM USES THE CIL UPTAKE AFC DEPURATICN ECUATICHM FFRCN

FECCIL. THE CONC IS CECREASEC AFTEF CAY 1 EY: CONC=CUNCeEXP(-(.3)

THIS FFCGRAM FCLLOWKS TFE CURATION CF THE CONTAYINATICN? 1.E.
FCR 24, 48+, CR 96 HCUFS.

KK2(J) IS TRE CEPURATICN RATE CONSTANT FGR SPECIES J

€2 IS TkHE KK2 VALUE AFTER ACJUSTINC FCR # CR = SCME ¥ FEFCEANT FOR
SENSTITIVITY ANMLYSIS.

BCFPEL IS ThE EIGCCNCENIRATICN FACICR CF EACH FELACGIC SFECIES J

SECFP IS THE 3CFPEL VALLE PFTER ADJUSTING FOR ¢ QR - SCFE )
PERCENY FOFR SENSITIVITY AMALYSIS.

BCFCEM 1S THE EICCONCEMNTRATICN FACTOR OF EACH CEMEFSAL SPECIES J

SECFD IS THE BCFCEPM VALLE AFTER ADJUSTING FOR ¢ CR - SCHE ¥
PERCENT FOR SEMSITIVITY ANALYSIS.

FRCNAF 1S THE FRACTIGN CF ¥SF THAT IS NAPHTHALENES.
FRCNAL 1S YHE FRACYIOMN CF TARS THAT IS NAPHTHALEKNES.

FCCCMP IS THE FOCC COFFOSITICN AS FRACTICN OF FELACEIC FCOD 1IN
A PRECFITORS CIET.

SFCCMF 1S THE FCOC COMPFCSITICN VALUE», FCCCMP» RFTEF FCJLETINC FOR
+ CK - SCME ¥ FERCENY FCR SENSITIVITY ANALYSIS.

D A W A W AR D D R A A ERAD D D D W W WS WP WP D D D DD 4B W A M D W AR N AR D D G D WE D W W W D YD A A AP D P D R AR D AP L W W W W W
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c MEANS CCNC IS CGNSTANT LP 7O LL EQ LLVAL ANC TEEN C VHEREAFTERS
c BLT THE EQUATICN USED IS MCT “THE FEDCIL ECUATION™ BLT THE. E#SIC
c EQUATICMN FRCF THE LITERATURE. IPRIMT=3 MEANS CCNC=CGMC*FATEXZ FOR
C LL GT 15 THE ECLATICN USEC IS NOT THE "FECCIL ECUATICN™ BUT
c THE ECUATICA FFCK THE LITERATURE. (IF THE EQUATIGN FFCK THE 3
C LITERATLRE IS5 (SED, SIMPLE DEPURATION STARTS AT LL G1 LLVAL.)
c : :
c IECF=1 MEANS TFE SENSITIVITY ANALYSIS IS CONE (N ECFFEL ANL/CR -
c BCFLEK. IPEL=1 FEANS SENSITIVITY AMALYSIS CN ECFPEL ANT IDEN=1
c MEANS SENSITIVITY ANALYSIS ON ECFDEN. s
c
c ISEN=C MEANS =XX AND ISEN=1 MEANS +XX.
c SENANL 1S THE 2 CHANGE FOF THE SENSITIVITY ANALYSIS.
c
c IFCCMP=1 MEANS THE SEASITIVITY ANALYSIS IS DCNE ON THE FC3D
c COMPOSITION TAELE, FOLCMP. 2
-
C"...i‘l.tﬂ*i SRR EX SR EARA A AR A RAR R AN AR AL R ECRAEARARAREEEARESEARA IR RARREE ARG
c SET COMSTANTS
c
K=8
LLVAL=1C 3
LLMAX=3C

RAC=C.C1745225
ALP=304¢RAD
GKAP=17%.*RAD
VALCA=CCSCALPaK~GKAP)
R2=0.6
RATEXZ=EXP{=R2)
FRCNAP=,Z0
FRCNAD=.10
BCFPEL=170.
BCFDEN=17%.
IPRINT=1
SENPRT=.10
ISEN=1
IFOCCMP=1
IPEL=0
ICEKR=N
I3CF=0
c-- R D D G W A W W WS WD AP W W W AT A WP D WD WD WU ) D G WD WD D AP D W AN D P R W R P WD D O WD U D D W R SR R WA AN ARAn D D D
C
c

&3

CO 999 JISEN=1,1C
SENANL=SENANL®.1C
SEN=SEN/AL* 1C0.

IFCIFPLCTWNELTIXCO TC 7777
KRITE(7,609)
KRITEC7,2)J15J02,43
€95 FORMAT(™ COMRTAMINATICN IN SPECIES FFOM ART/FELCCL1Z™
2", TEST RUN #6€™)

c
[

7771 0O 9S J=1,16
K2=KK2(.)
RATEXP=EXP( -K2)
SBCFP=EB(FPEL
SBCFU=E(FDEY¥




SFLCHMP(J)=F COCMF(D)
IFCIFDCPP.EC.1) €O TQ 7€C
IFCIECF.EQ. 1) GC TO 72¢C
GO TC g¢€o
72¢ IFCISEN.EQ.C) GC TO 74C
IFCIPEL.EC.C) GC TO 73¢
SBCFP=BCFPEL¢(BCFPEL>SENANL)
73C IFCICE¥.EQ.C) GC TO 86¢C
SBCFL=BCFDE M+ (BCFDEV2SENANL)

G0 TG 8€C
740 IFCIPEL.EQ. () GC TO 75C
' SBCFP=B(FPEL-(3CFPEL=SENANL)

75C IFCICEF.EC.C) GC TO 864G
SBCFO=BCFDEM~(BCLFDEF¥*SENANL)

GO TO g¢¢
c
766 IFCISERLEQ. () GC 70O 83C
SFLCMP(JI=F CLOMFC I +(FLOCMFP (JI=SENAML)
IFCSFDCPF(UJaCT 1.0) SFPCMF(JI=1.0
€O TC E¢€G
83C SFLCMPC(JI=F COCMF(JI-C(FCLCCMF(JI=SENANL)
IFCSFDCPF(SILT0.) SFLCMP(II=0.0
c .

€6l IFCIPRIMILEC.]1) GO TO S7
PRINT 71,Js IPRINT,K2
71 FCRMATCIE1, "TABLE OF CCNTAFINATION FOR DIFFERENT LEVELS CF CCNSTAN
8T EXTERMAL CCNCENTRATICNS FCR SFECIES "»I13/+,1X»"AFTER LAY 15, COMV
SAL=C.D» ANEWOIL IS ALWAYS SEYT 7C OILCON™/,1Xe™THE TFECCIL EQUATICN®
& IS USEC IN THIS RUN. IFRINT =",13,"» K2 = “»F7.6)
d PRINY 6S,SBCFP» SECFC»FFCAAF,FRCNAD
65 FORMATC(1X,"ECFPEL = "sFE8e3s™» ECFLEP = ",F8.3,"s FRCNIP = ",F5.3,"
L, FRCNAL = "¢F5.3)
IFCIFDCPMF.EC.1) CGC TU 12C0
IFCYECF.EQ-C) GC TC 948
IFCISENCEQ.C) GC TO 61C
IFCIPEL.EQ.C) GC TO 607
PRINT €(SLSEN
60 FORMATC1X," SENSITIVITY ANALYSIS® BCFPEL
SLL SPECIES™)
607 IFCICErLEQ. L) GC TO 97
PRINT 61Z,SEN
615 fCRPAT(!)v"EhSITIVITY ANALYSIS: BCFDEM
SLL SPECIES™)
GO TG S¢
61C IFC(IPEL.EC.C) GC 70 617
PRINT €2C»SEN
€2C FORMATC1X," SENSITIVITY ANALYSIS: BCFPEL
L SPECIES")
€617 IFC(ICEX.EQ.C) GC TO 98
PRINT €ZS,5EN
625 FORMATCIX," SENSITIVITY #NALYSIS: BCFDEM
SLL SPECIES™)
GO TC S¢

*,F6.2,"21 FCF A

»

ECFPEL

]

BCFCEY "sFE€E.2+™X FCF A

*

BCFPEL "sFE.25™% FCE A

ECFLEY "oF€.2»"2 FCR &

126C IF(ISEN.EQsC) GC TO 121C
PRINT 12CS» SEN

12092 FORMATC1)," SENSITIVITY SMNALYSIS: FOCCMP =FODCKF ¢ ",F€.2,"Y FC(EK A
gLL SPECIES™)
GO TC §¢

121C PRINT 1215, SEN
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121% FORMATCIX," SENSITIVITY AMALYSIS: FOLCMP =FCLCNP = TsFE€.2,"% FUF &
LLL SPECIES™)
GO 7C S¢ R

97 CONTINLE
PRINT 7C»Jpo RCPIFRINT»KZ
76 FORVMATCI1k1, "TASLE OF CCNTAFINATION FOR DIFFERENT LEVELS CF CCNSTAN
8T EXTERMAL CCNCENTRATICNS FCR SPECIES "»13/+1X»"AFTER CAY 1, CENV
SAL=CONV/IL*E YP(~"5F3.1,"); TFE *FEDCIL ECUATION® IS USEC IN THIS RU
IN. IPRIM] ="513,", K2 = *»F7.%) -
PRINT €S»SBCFPs» SECFLO,FRCMNAFSFRCNAD
IFCIFDCPPLEC.1) GO TO 14CH
IFCIECF.EQ. 0) GC "L 93
IFCISENGEQa €)Y GC TO 64¢C
IFCIPEL .EQ.C) GC 1D 47
PRINT 6C5S,SEXN
€47 IFCICEY.EQ.C) GC TO 98
PRINKT €15,5EM
GQ TC 98
€4 IFCIPEL.EQ. () GC TO 657
PRINT €zC,5EN
6657 IFCICEM.EQ.C) GC TG 9%
PRINT €25,S€EN
GO TC §¢

1400 IFCISEN.EQ.C) GC TO 141C
PRINT 1:2C€S» SEN
: GO TG 9¢
1410 PRINT 121%, SEN

[ Xy

98 CONTINUE
TORCII=TIWI+{N .35 TJIC(JIsVALCR)

€ ¢

NEWCIL=C(.C
CILVAL=C.0

CC 80 ICCN=1,4
CONC=CCPMVAL (ICON)

GO

ICONI=TCCN+ 22 (ICON-1)
ICCN2=TCCN1 ¢1
ICCN3=1CGN2 ¢1

CO SC Ll=1,1LLMa)
QILCCN=C.0
VALUE=C.C
aF(LL.6T.30) GO 10 52
TAELEL{1L,ICCNLI=C.?
TABELEL(LL,ICCN2I=0.C
TABLEL(L1,ICCAN3)=0.C

5¢ CONTINLE

CIFCIPRIMTGNES1.ANC. IPRINTLNELTY €O 10 S5
IFCLL.GTe1) CONC=CONC*FATEDXZ _
c IF(LL.EC.10 «CFalL.EC.2C) CCAC=CCNVALCICCN)I/2:9

GC TC S¢

5% IFC(LL.LE.LLVAL) EC TG S€
CONC=0.C

5€ KSF=COMC
TARS=CCMC
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IFC ICON. NE. 23 GC TG 15
PHSFCLL)I=4SF
PTARSCLL)=TARS
1= IF(LL-61.20) GO 1057
TABLELCIL,ICCN1 )=k SF
TABLE1 CLL,ICCM2 I=TARS
57 CONTINLE

IFCSFDCPFCJ Jo CT el ee AND SFDCMP(J)e LTel «8) GC TU 20
IFCSFDCMF (JVe EQ41.0)GC 10 20
CO=TARS+FRC MAD
VALUE=C(*SBCFC22.0
IFC JLECL16) VALUE=CO«SECFD
IF(L Lo EC.1) KCMAXCICCNI=VALLE
GO TO 12¢
2C PEL=SFLCHPCY)
DEK=1.0-FEL
CO1=wSF2FRCNAP
CO2=TARS+FRCNAD
VALUEL1=(CC1 +SECFP)
VALUE2= (€02 ¢ SECFO)
VALUE=CFELeVALUEI+DEMaVILUE?)
IFCLL.EC.1) KCMAX CICONI=VAL LE
cg T¢C 13¢
3C CO=MSF*FRCN2P
VALLE=CCCASECFPL
IFCLle EC.Y) KCMAXCICOND=VALLE
13C CONTINLUE

IFCIPRIMTCE C 2. CRIPRIMTSECL33CGOTC 1130
CILCCN=VALUEA(1 .C-RATEXFI+NENCIL*CRATEXP)
NEWCIL=CILCCN
GO TC114¢C

1130 IFCLL.GYLLLVAL)GOTG 1135
RATEX3=EXPC =KZ«LL)
OILCON=VALUE=(1 .C-RATEX1)
IFCLL.EC.LL VAL) CILVAL=CILCCN
GO TO 114&¢C

1135 RATEX3=EXPC=K2s (LL-LLVILY)
CILCCN=CILVAL=R ATEX3

1140 CONTINUE
IFC(LL.61.30) GO TC S4
TABLEIC(LL,ICCN3 )=CILCON

54 CONTINUE

IFCICON.NE. 2) GC TO S0
SAVDECCLL»J )=CILCON

bl

[

5C CONTINLE

[ n]

NEWOIL=C.0
QILYAL=(.0

(%]

PRINT €CoCONVAL (ICONJ» h<SFs TARS
6C FORMATC1),"FCR CCNVAL = "»FS.3»" THE FINAL KSF CONC = ",F9.2," AND
8 THE FIMAL TARS CONC = ",F§.3)
PRINTY 6S+COMVALCICON)»FCNMAXCICON) .
65 FORMAT(1),"FCR CONVAL = "»F9.2," THE MAX CCNC = ",F9.1)

8C CONTINUE
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PRINT 73 : ‘

73 FORMATC /84X »"TI FE™» SOX»"CONSTANT" /5 &Xo"STEP™» 47X »"CCNCENTRATICNS™/
%) ‘
PRIXNT 71,(CCAVALIMI»k=154)

74 FORMATCISXs 4(F8 .4519X)4)

PRINT 174
174 FORMATCISXs 4C"HESF"»SXe " TARSE"SEX»"INT"H»56X) /)

c
¢
D0 888 »=1,130C
PRINT 75,IN»CTAELEL1IN»F)I»M=1,12))
75 FORMAT(43,12,2X912F9.3)
888 CONTINLE
c
PRINT 775,Choh=1516) :
775 FORMATC//5X,"FOCL COMPCSITICN TABLE (FRACTICN PELRGIC) FCR SPECIES
8:"5,/71X51€(1¥%51351X))
PRINT 777,C SFOCFPINI»N=1,14)
777 FORVAT(1Y516§5.2)
c
C
99 CONTINUE
c
c
IFCIFPLCT.NELIXCC TC 959 :
IFCSENAML.NELSENPRT) GC 10 §99 \
B0 6C0 tL=1,LLMAX
KRITEC7,€98 JPHSF(LL)»PTARS(LL )» SAVDECCLL,J1), SAVDEC(LL,JZ)»
LSAVNDECC(LLLJ 3D ‘
€C8 FORMAT(SF10.3)
600 CONTINUE
c
995 CONTINLE
c
c

$S$G€ IFCIFPLCT.NEL1) GC TQ §599
CLCSEC7 ,CISP=KEEP)

c

c
$599 STCP
END
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PROG/BI OS/GRID

SRESET FREE

SSEYT OWN CWNAFRAY S

FILE 1CKIND=fISK»TITLE="CCSEAF/CILCCA/LOCYI",FILETYPE=T7)
FILE 2C(KINO=TISKoTITLE="CCSEAF/CILCIN/LOCZ",FILETYPE=7)
FILE ICKIND=C(ISK»TITLE="CCSEAF/CGILCON/LOC3I™,FILETYPE=7)
FILE &CKIM=FFINIER)

FILE 7(KIND=TISK.FILETYPE=T7)

FILE SCXINC=TISKoNEWFILE=.TRLlE.)

OO OO0

(]

[¢]

OO0 og

COMMON/ELK1 /NE, PELKH»LL » ISL

COMNCN/ELKBIC/LCCLACTBIC(1E)

CONMMON/IAPB IC/BIGLC (35 1€)

COMMCN/ELXO JL/0 JLCONCL1E5 325 34)
COMMON/ELKNEW/NEWCIL(1€»32534) 4
COMNCN/CIL/WSFC22,34),TARSC225%8)

DIMENSICN ITABLC10,4%),1TABZ(5-,4),T11(55,2)5,T12C5,52),17(2)
DIMENSICA T SLC32,34),D0072, 24)sTBUH)H»STC(22534)5,58(32,34)>»
31S5(C32,31)

CATA STATEMENT FOF SUBROLTINE FECCIL. IFEDOL=0 FCF NQ PRINTING CF
CUTPUT; IFECOL=1 FCR FRINTING OF SUMMARY TABLE CANLYZ TFECCL=2 FCR
FRINTING CF CCNCEMIRATICAS AT EACF GRID POINT ONLY> IFECLOL=2 FCF

PRINTING C(F BCIF.

CATA IFELOL/C/

REAL NEWCLIL
NE=TZ5;ME=34 5K=5;LL=17LL PAX=CS05LCC=2

DC 25 J=1»16
ACTBIOC.)=B ICLC(LOC»J)

2% CONTINLE

3¢ IF(LL.CT.10) €3 TC 33
REACCLGC» /) NHES
REACCLCC» /) CANSF{Ns N)p¥=1s FED»N= I’NE)
GC T4 &C

35 D0 38 M=1,NE
CO 3€ P=1,ME
PSFCNs M I=USFUNs FI2EXP(~0L3)
STCN,MI=¥SF (N>N)
3€ CONTINUE
GO TC 4¢

CHANGE OIL CCNCENTRATIONS FROFM PFE TO FPPM

4C CONTINLE

CO 22 N=1,NE

CC 32 F=1,ME

KSF(Ns ¥ )=USF(N,F)/71CC0.
32 STCN»sMI=%SF (NoM)

CCMPUTE OI1 CN TEE ECTTOM
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COMTINLE

BLC=1.

ELC=2 CCATIANLCUS SOURCEs, BLC=1 INSTANTANEQUS SGULRCE.

pL=2C00.

TAT TIFE STEF IMN HOURS

TJAT=24. '

ID=2C.

T=LL 1440,

KAL=C

KAL=0 - N0 CIL MCVENMENT ON THE BEGTTCMs, 1 OIL ACVECTEL CN BOTICHM
KU = CUFRENY INTEX» SEE CURCIL? KA - TUREULENCE INDEXANCT USETLY;
LU = PRFIANT 3CALING INDEYX

Ku=3

KA=1

LU=0

LI=0.

vi=tC.

CALL OILEOT(S7» LU »TDsDL+Cs SPo I8BLOSUI»VIsKUsKAL,TKATAT)
IF(LL.G1.1) GC 10 55

DO S4 MN=1,NE
DC 54 NM=1,ME

- ISLCNs ¥ 1=0Q

IFCC(Ns P3G Te0) ISLAN»P)I=1
CONTINUE

uI=6C.
VI=3§.

IFCKAL . MELL1)GC TC 31 |
CALL CUFCIL(SE» KLsUI,VI,TL,1L,ELO0-ToKAL)
DO 33 N=1,NE

DC 32 P=1,ME

TARSIN,#I=S2CN, M)

CALL FECCIL CIFETGL)

J=1

0O 1€00 I=1,4

ITCI)=0

CONTINUE

D0 1201 A=1,NE

0C 1201 F=1,ME
IFCCILCCNCI » KoM .LTL5.€0C0 TC 1201
IFCCILCCACI »NoM ). GELS.CIITCII=TTCL) 44
IFCCILCONCS »NoM IaCEL1043ITCZI=1TC2) 44
IFCCILCOACI sNsM e GE250.3ITC2I=TTC3) ¢4
IFCCILCTNCI sNsM o GTo10CITTCAI=ITCA )04
CONTINTE

KRITECS»/)LLsrJ

KRITECY,/3C ITCI ), I=1,4)

IF(J.EG13)€E0 TC 778

J=13

€C TC 17C0

FORMATC1SXs 2465 1X,518)
FORMATCI1SXs ZA€» 1X 518742

LL=LL+1

IFCLL.LE-LLMAXD €0 TO 3¢
CLCSEC9,CISF=KEEP)

sTarp
ENC
BLOCK CP1A
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COFMON/ INPBIO/BICLC(3,1€)
COMMON/VALUES/F CCCMPCLE)»TJIC(LE),K2C16)
REAL K2
CATA BICLC/14(0920e"21915C1as 1121.s%14.51234.»
83708492222 923261er 11CC7ar€EE53.+9675es 4240527545307 .>»
&730.'33(-’2‘6.’ 831.’5550’519.' ZOO‘QDI‘)Z.'IEEC.'
29224261%ar»9C8ep 2004asr1472.5165C.» EE1avkElasrbElar
£66409222e2% 120r 165645552 5107802 5570ur 49554926075
2139¥Cer11€65Sarl1€1750r 1515C<» 13750915250/
CATA FCLLMP /1. 00.95..5-..72-.81,.6’,.20,.20;.1.o.2 r<3C»
?.3051Cs0050.0,0.0/
DATA TJ/eC1€5e01C02e0125eC075.0155,.0125,.0125.0125.0L€5.C0¢>»
¥ .0C75.01Z29.CC€r s019»aCC€EraCTEY/ '
CATA KZ27.1980405.132027+2156C4C»21320275»198C4Cs16€4r1€C45.1€04>»
211C55 «11099.132027923242345.2228235.198C425.C3%6C,.0€520/
ENT
SUERCUTINE FECCILCIFECCL)
COMMCN/CIL/Z NSFC 325,340 TAR3C22,30)
COMMCN/ELKB IC/ZLCCL,ACTBICQ1€)
COMMCN/ELXD IL/D0JLCONCI€,22,514)
COMPCON/ZELXNER/NEWRCIL(1€032,34)
COMMON/ZELNYL /NEp PE»K»LLs ISL(22534)
} COMMON/VALUES/FCCCMPCLI€),TJICL1E)»X2C(16)
COMMCN/ZELKT 26/MSC16,9),AREAC(L1E,5)>FFCCON(1659,2])
CIMENSICN CFRC14)>CCRC14),TCEC1E)5S1(32524)
REAL MS»K2s MEND IL
DAT‘ CFIIO. ’7.51'7-5'5.(1’500’2051’205'1-01'10’u.ll’CQIIC.clllc'QOl
1'0001,
Cﬂ]A CCFJIO o’?-fl’?.SDEQCI OSOC’ZOSI!Z-SDIQGI'1"0.11’(01)00011’0.0
21,.001/
CATA CRs100.,%0. CI’SG-OIC-CI']C.".Clrﬁorl Clrlerfa1150.15C0.0115C.
£01,C.0C1/
DATA CCF 10Car»S5€Ca015500210.C151C055e0195er1e 01'1.10 11»C.1,C.C11,0
2.01,C.CC1/

O MO O

ART/FETCL13 - THIS IS THE *8CF VERSICN? OF‘FECCIL IN F¥EICH CNLY
K2» ANT BCF ARE USED IN CCMPUTING UPTAKE AND CEPURZTICN.

K2¢J) 1S TFE DEPURATICN RATE CONSTANT FOR SPECIES J
BCFPEL 1S THE EIOCONCEMIRATICN FACTOR OF EACH FELACIC SPECIES J
BCFCEF 1S THE EICCONCEMIRATICN FACTIOR OF EACH CEMEFSAL SPECIES J
FRCMF 1S TFE FRACTION CF ¥SF THAT IS NAPHTHALENES.

FRCNAL IS THE FRACTIOM CF TARS THAT IS NAPHTHALENES.

-
P R N T T P e g e Y R T L R Xt Bal il P PR R s e R T T R TR L YO uesipy

SET CONSTANTS.

OO0 OMO IHIOOOMO OOMHMOO

RAC=C. (17453265
ALF=30.+FAD
GKAP=17%.+RAD
VALCA=CCSC(ALP*K~GKAP)
FRCNAP=450

FRCNAD=.10
BCFPEL=17C.
8CFTEM=170.
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c
C"""‘"‘" ------- - - - - - - T L Ty r ey R L R R L R R R R
C ) .
c CONPLYE LPTAKE ANC DEPUFATICN CF OIL CONTAMINANTS. FCF CLTIPLT»
c ALL CONCENTFRATICNS ARE IM FFM AND ACTEIO IS IN KG 1
c-- ..... - T G ) D WD AP WD T WD B W W W W W W W B D D D D P W WD D W W D T WP G AD ED WG TP -
C
DO 95 J=1»,1€
c

CO 100 1=1, 6§

MS(J»T3=C,

AREAUI»12=0.

FRCCOGNUJ»Ir 1)=C .

FRCCONC(!»T1» 2)=0.
10C CONTINLE

<h

RATEXP=EXP(-K2( 1))
TOHCII=1J(J )¢ (0.35=TJUC(J)=VALCE)
TOAS=CACTBIC(J)*4.0)71(C0

TAREA=C.
TTCNS=0.
TCOUNT=C.
CO 1C A=1,NE
CO 1C F=15ME
IFCISLCM»M) LEQ.C) GO TC 10
VALUE=C.C
S1CN-MI=(LD
TAREA=TZIREA *4.D
TTCNS=TTICNS #TCNS
TCCUNT=TCOUNT+1 .0
IFCFODCMFIUILET Lo ANCLFODCMP(J)LTL1.0) GC TO 20
IF(FCDCPMF(ID.EQL1.0) GE YO 232G
CO=TARS(AsMIaFRINALC
VALUE=CLeECFOEM 2.1
IFCJEC.16) VALLE=CO~B(FLEM
G0 10 120
2C PEL=FOLCPPCJ)
CEN=1.0-FEL
CO1=hSF (KoM ISFRCNAP
CO2=TARS{(N> ¥)+f FCNAC
VALUE1=4CC01 «ECF PEL)
VALUE2=(CC2 «BCFLEM)
VALUE-(FEL*VALUEI*DEH*V!tUEZ)
60 TC 110
3¢ CC=ESF(P}s>MI2FRCNAP
VALLUE=(C(C+BCFFEL)
13G CONTINLUE
CILCCNCJIsNs ¥)=VILUE = (1 C-RATEXPI+NEYOILCJsNoMI= (RATEXF)
NEWOILCIsNs FI=O0ILCONCJIsNoM)
S1CNsM3I=CIL CCNCJsNs ¥)
IFCIFECCL.NE.1.ANC. IFECTL.NEL2) GO 10 19
IFCSIORoMIe LTCCRT14D) PSCIe9)=NSLJsI I+TENS
IFCSICNSMISLTLCCRCLI4)D) ARE2CJ5S)=AREACI» 944, C
IFCS1CA M) LEL.CCR(13). INE.SI(N-M).GE-CCR(IQ))
IMSCJ»BI=FSLJs8IHTONS
IFCSICAoP ) LELCCRC13) AN S1CNoMILGE CCRC14D)
LAREA(ISEI=AREACJr8)44.C
IFCSICN oM I LELCCRO11I.ANL. SICASMILCE.CCR(12))
ARSCJpTI=FSCIPT7ISTONS




v

-]9_

IFCSICN,#)oLELCCRCI1) AN SICA, M) oGE.CCRC12))
LAREACI» T )=AREACIS7) +4.C

TFCSICA K)o LE-CCRCS) e ANCoSICNsN).GE-CCRC10))
&¥SCIr61=¥SCJIp6) 4+TONS

IFCSICA s M) LECCRCIIANL.SI(NsMI.GELCCRC1C))
RAREACIS €)=AREAC I, 6) 44.C

IFCSICNs¥)a LESCCR(Z o ANL-S1(Ns¥)GE-CCRCED)
INSCJI»S5)=MSCIsSI+TONS
IFCS1CNs¥)aLELCCRC7 I ANCST1C(Ko¥)aGECCRCEI)
LAREACJI,SI=AREACJ,S) +4.0

IFCSI0M o¥ e LE.CCRCS YL ANC-STI(N,¥).GE.CCRCED)
EMSCIsb)=FSC I, 4) ¢TONS

IFCSICN M) LELCCRES JANT-S1CK»M).GE.CCR(E))
RAREACI » 8 )=AREAC Jo k) #5.C

IFCSICA o¥)e LECCRC3) cANCSIC{N»NI.GECCRT4 )
EHSCJr3)=HSCJs I +TONS

IFCS1CM 4P Yo LECCRC3 I ANLST1CN,¥).GE-CCRT4))
SAREACI, 3)=AREACI, 3D ¢4.C

TIFCSICAsF ) LELCCR(LIANE.STICN» M) GE.CCR(ZI)
ANSCI»2)=PSC J,2) +TONS

IFCSICNsP JaLECCRCIIANCSI1CN»N).GE-CCRC2I)
BAREACS»2I=AREAC I 2) #4aC
IFCSICASF) CTLCCRCLI) PSCI»1)=MSCJ, 1D+ TONS
IFCSICA2F ) ETLCCR(1)) AREACI,1)=AREM Js1)44.0
1C CONTINLE

C
IFCIFECCL.NE 1. AND. IFELCL.NEL2) GO 106 250
CC 200 1=1»5§
FRCCONCI»Tp 1)=MSCJr ID/TTICN S
FRCCON(J»1»2)=AFEAC(JI>I)/TARED
23C CCNTINUE
c
c----------_----- A A D D WD WD WP WD WD Sp AN EES W W S W e PP - P D AP T A DD AR U D D WS . .
c PRINT GIL CCNCENTRATICAN FIELLS
c D G O G WS W R D GD D D DA G R D AP D W D WP VED B R D G G W VD AP WD W AN G A 4Bl G S WD D WD N B W R G D RS VD W) W AR AD WD AL D WF B WGP W W
c

25C IFCIFECTLNE 2 ANDLIFEDCL.AELD) GO TC 99
PRINT 11€C5, JoLL
10 FORMATCTI1CONTANINATICN INDEY (PPM) IN FECOIL FCF SPECIES £712,2X»"
S$TIME STEFP 2712)
PRINTY 1C€CEr CCSL(KoMIpM=1,14)sN=1,NE)
1C0€ FORVMATC(ZX»14F9.5)
PRINT 1CC8s ({S1(N>MIoM=1S,PEDLN=1»NE)
1C0€ FORMATCI13F9 .Z

c
99 COMNTINVE

C
(eovcecccnccnascen ana= s e = e 8 o0 o8 e - " Bt e = e =
C-- D L T R e e L L T R R ey T L L P e Ty
c
c

IFCIFECUL.NEL1. ANDL IFECCL. NEL 2D GO T0 999

ICCUNT =1

0C ICO J=1,16

ITAB=LL

IFCICOUM .GTLY) GC TO 1220
PRINT 1121, ITAB»TCOUNT
1121 FCRMATCIFL» //6X»"TARBLE®»I3+™.=~~ AREA COVERED BY INTERMAL CCNC
SENTRATICANS FCR SELECTETU LEVELS CF CCNTAMINATICN®/01S5Xs"ACCICENT SC
SENARIDS EACF GRIC POINT IS 2 K BY & KK7 GRID CCUNT = ®»F6.C)




=20~

C0 TC 11¢€

132C PRINT 11195 ITAB»TCOUNTY '

1115 FORMATC/77/6 %> " 1ABLE™5»12s%.-== AREA COVERET EY INTERMAL CCACENT
LRATICNS FOR SELECTED LEVELS OF CONTAMINAVYICN=/519Xs"ACCILENT SCENA
LRIC7 EACF GRIT FCINY IS 2 kKM BY 2 KF; GRID COUNY = "»F5.0)

11€¢ IFCLCC.ME.1) €0 TO 324
PRINTY 11€sLL
118 FORNATCI9Y, "LCCATION: FCRT FCLLER» VYIME STEPs CAY®"»131
GO TC 37¢
324 IFCLGC.PEL2) GO TG 326
PRINTY 220sLL
22C FORMATCI9X» "LCCATION: FCRT HEIDEN» VIME STEP: CRY"»13)
GC TC 3¢t
32€ PRINT Z2zzslL
222 FORMATCISXs "LCCATION: CAPE NEWENHAN» TIME STEPS DAY"»13)
128 PRINY cc32
223 FORMATCI9X» "CCONTAMINATED EIQONASS IS SUMMED OVEF THE CRIT ANT GIVE
AN IN TCAEI™)
GO TC (22402240 2240224 9225022592259 224022402245225922%9224922%9225
202253
224 PRINT 1724+J,ACTEIOCY)
124 FORVMATC /77625 ™3FECIES PC."513,™ = A MIGRATING SFECIES (EICMASIVHFS
L.2," KCsKM21I™)
GO TG 2z7¢€
€25 PRINT Z221,J,ACTEIGCJ)
221 FORVATC47/6 X»*SFECIES ML."513,™ =~ A NON-NIGRATING SFECIES (BICMASS
LT s F5.2," KG/KM2I™)
Z22€ PRINT 1¢3
123 FORNATC/8Xs "CCNCENTRATICNS IN PPM C(PG/KGI™»28Y,"TCTAL CCATANIMATED
& BIOKASI™)
PRINT 225
222% FOFRVATCSEX, "EIDNMASSCTOAS)"»18),"ARER(KNZI™)
PRINT 323 )
3123 FORMATCSSXs ™ BICHMASS "»SXs "FRACTION"»SXs™ ARER "s6)s"FRACTICN™)
PRINT 122¢CRC1IsESCJr1)»FRCCCNCIP»151)0AREACIS1)>»
LFRCCONT. 152D

122 FORMAT(/6X%s 2AHCONT. INDEYX GREATFR THAN »F9.358X5F16.2s€X»F8.35EX5F8
225€%sFE.D)

PRINT 125sCRCZY»CRCYII»FSCISZISFRCCON(I»221)5AREATISZ )
SFRCCONCJI» 2, 2)

175 FORMATCEY sl CHCOMNT QINCEY s¥9 0 ZXo3HTL »F9.398XsF16.20s6XsFE.35€Y5FE

R25EX,F8.2)

PRINT 12%sCRC4)»CRCIIFSWUJr3)>FRCCOMIP»3I»1)-,ARENCIS2),
RFRCCONCJ» 3 2)

PRINT 125,CRCE)YSCRCSIsFSCIL4) s RCCONCILbsr1)oARERALI4)»
E&FRCCCNCJI» 4 2)

PRINT 1ZS»CRCEISCRETISPS(ISSISFRCCONCISSH»1IARERTIHS ),
LFRCCCNCI»5» 2)

PRINT 1Z5,CRC10),CRU9ISFSCIrE)»sFRCCTENCI»E»1)s AREACJSE DY,
RFRCCEN(! 969 2)

PRIKT 1Z25»CRC12),CRC11D5KS(Js7)sFRCCAONCI»751),AFEACIST)
RFRCCONC(.»7» 2)

PRINT 12S,CRC14),CRU13)5MS(ISr8)FRCCARCISE,1I)0AFEACI,8)»
LFRCCON(J»8» 2)

PRINY 12€,CRL141,KS5CJsS5)sF RCCCNCI»9513AREACI»9])»

LFRCCCONCGI»9» 2)

126 FORMATCEX," COXTLINDEX LESS THAN "o F9a328XsFl1ELCeEXSFE.2p€EX»FE.2

2,6%,F3.1)

ICCUNT=ICOUNT+1
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IFCICOUNTLEGCL3) ICGOUNT=]
CCATINUE

c-- D W D D DD G W S AR W AR D WA G D W AN D b D RUD W DN D WD W W YR A D R WP AR U RER R AP R SR AP AL WD WD B AT AP AL A A W D A D WD

c

ENC SUERCUYINE |

C-----_----------c--—---—c—-—‘_-—-—--- ................... —emmmesoe - b dadadeid

C

c
$99

OO0 OO OO0 OO00

SO0

1€
31Qc

3ce
in?
ic

3cs

31C

o N
S
Y b

[y
- e
B L

RETUFRN

ENC .
SUERCUTINE CILBCTCS,KrTLsDLsDsAC»TBoBLO»UToVIoKUsKAL,T»KETATY
COMMCGN/ELKBIC/LCC,ACTBICQIE)

CINMENSICN 5C32,24)o0C32e34),A0C325,34)T8C4)-PLLC(2),¥(2)
C-CEPTE

AQ=CIL CN THE BCTTOM

T8=-BCTTCr TEMPEFZTURE, FCUF VALUES CIVEN
PLC-THEFFOCLINE CEPTHs TW0 VALUES

h=RIND SPEEC» TFREE VALLES

KT-INDEY CF TE VALUE CHCSEN FCR THE RUN
KP-INDE) OF PLOD VALUE

K¥=-INDEY CF WINC VALUE

BLL=1 IMPSTANTANEGUS SOURCE» =2 CONTINUOUS SGURCE
UI-SURF#CE CURRENT SPEEC

KAL=1 CCFPUTATICN OF CIL MCVENMENT CN BOTIONM
LU=1 DEFTH CATA

LU=2 DECAY CF OIL ON TFE BCTTOM

LU=3 DIL ON THE EOTTOM EEFCFE ACVECTION
LU=¢ OIL CN THE BCTTYOMsLAYER THICKNESS DECREASING» ADVECTED
LU=S ACVECTEC OJL ON THE BCTTCHM

LU=€¢ CCPMTAMIMATICN INCEX» FELAEIC FCOD

LU=7 COMTAMINATICN INCEY» CEMERSAL FOOD
NE=32

ME=34

¥0=19

MO IS THE M LCCATION CF ELCHWOLT

SIMULATICN CF DEFTH»

KE=-AREA ANUMEER FGR TANKER ACCICENT», 4 10 6
KB=10C+?

IF(KE~-£1105,320,360

L0 319 d=1,AE

CC 219 =1, ¥

SDS=H

IF(N-171)306,3065307

CANsMI=7C~C.252505

GO TC 21§

IF(N~-2€1308 3080311

IF(M=2C3309,3C9,21C

DCNsMY)=€2a~10+SD3

GO TC 131§

DCKN»MI=€2a=1.5«SCS

6C¢ TC 319

IF(¥=-2C€13125,3125313

CANsE) =4~ 1.2+ LS

GO TC 215 .

BCN»¥M)=C4 o~ 14550

CONTINLUE

ALPHA=(0.S
CALL SILITAC(C,ALFHASNESYE» Spl)
G0 TC 1¢C
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CAAAFUXAXXAXX Y XXX X
33C £O0 359 M=1sNE
D0 3S9 #=1sPE
SDS=¥
IF(N=-221331,321,332
331 DCN»KI=S( = 1.0+5CS
60 TC 3°9
332 IF(M=~252333,323,324
332 DONSNBI=LE = 1.2+8CS
GO0 TC 3°<9
334 DANLMI=C.
359 CONTINLE
ALPHA=0.S
CALL SILITACCsALPHASLNE»PE» S»1)
60 16 1C
CXXAXATAXAXXAAXIXXAX
I6C CO 379 M=1»N\E
O 379 »=1,VME
SpS=N
IF(N-1217361,361,36C
261 LCAsH¥)=3E.
GO TQ 379
362 CCNsNM)=LE,
379 CONTINLUE
ALPHA=C0.S .
CALL SILITACC,ALPHA»NES#E,S»1)
CXXXAXXNXXIAXIXAXXXXX XX
1¢ LU=1
IF(K=1317517,2D
IF(K-1)¢,9, 2C
S CALL PRYMFSUL»ToUI»VIoLLoKoKAsKALAELO»LU»NE>ME)
CAXXEAAXXAXXAXIAXX XXAX I XX
17 CC18NK=1,NE
CC 18 ¥F=1»ME
AC(NsM)I=C,
1€ CON TINLE
c INPUT PIRAMETER S
2¢ T8(1)=1.
18(2)=4.
1B(3)=8.
T3C4)=1¢.
PLOC1)=¢C.
PLOC(2)=40.
N(1)=5.
N(Z)=1C.
K(3)=15.
c PP - RELATIVE CCNC. CF FLA NKTCN
R = INDE>X OF SUSPENDELC FATTER
c BB - BLTTIOM TYPE INDEX
PP=1.5
R=4C.,
BB=C.8
c SETTINCCF INLICES FOR INPLUTFARAMETERS
KT=3 '
KP=1

(¢]

KW=2
CAANAXXXAXAXXIAXAX XXXX XXX
c CECAY CF OIL CN THE BOTTICH
IF(K=213C,2%,25
25 B0 25 N=1,NE




7

29¢
2¢€

21
29

-23-
DO 25 KF=1,ME

IFCD(NS?))29529,290

IFCAGCN/F)) 29029526

TFA=CTB(KT) 222,7)+0.00C1
DFA=C.1%/SGRT{(D(N-NM))
EFA==-CTFA+DFA)
ADCN,MI=ACCN,M)EXPLEFR)
IF(TAT~12.) 29529527

ADCN,MI=ACCA, M) *EXPCEFA)
CONTINLE

CXXAAXXARBAXAAI XXX XXX IXXAX

C

Ly=2
CALL PRIMFS CAC, T, UL »VI»lLlo KoKAs KALLELG,LU»NE» PE)

CAXAAXAXAAAXAXNIIAXAXIX I XU XXX

30

131
37

&C
3¢

122
44
43

51

29¢

51
54

IFCBL0-1)31 5,31, 51

INSTANTINEOUS SCURCE C(TANKEFR ACCIDENT)
CO 4% A=1psNE

CO 45 P=1-ME

IFCCIN» P IXLTH5 45,291

IFCPLDCKF)=CCNs F1)4C»33,33

NC PYCHPLCL INE .

SK=K

STK=SK/7 (3 +0.2%SK)

BCF=0.0C15
CC¥=0.1°%
RR=CR*0.Z+D (NsM ) /SQRTC(LIN, Y]]
FS=CBCF2X X RIMCCF/CD(N»¥)x0(.7))2STK
AODCNsMI=ACC ko VM) ¢SIN, M) 2FSeFPaFAsEB
IFCX-1)15,45,131

IFCTAT=12.) 45545537
ADCNSMI=AOC N, FI4S{N, M)2FSxPP«KR2EB
GO TC 4&°<

THERMOCLINE PRE SENT

IFCK=-1)LS,4%,23

SK=X

TOK=SK2(3.¢0.5+ SKX)

BCF=C.CC1

CCF=GC.2¢C

RR=CR+C .220 (AsMII/SCRT(C(N,¥1]
FOC=C(RCFaRC KW I+ CCF7CClA» M) n2 7)) TLK
ACCNoM)I=ACC NoVIASAN» N)*sFOD«FP2RF« BB
IFC(K=1)4S,45,132

IFCTAT=12.) 45,455 44
AQCNsM)I=ABC Ns I 2S(N,N)sFLD «PPsRR> BE
CONTINLE

60 TC 7¢

CONTINLCLS SCURCE C(BLOWCLT)

D0 65 N=1,NE

CO ES F=1sME

IFCC(N,?))6 5,655,292

DIS=(C¥~-+0) «0.0C1=DL)
IFCDISIS2+535%4

DIS=C.CC1

APLC=2.95 .
NO CCMFUTATICN IN IMMELIATE AREA OF BLCWOUT
J.E. 2.5KM¥ FRCM THE SOLFRCE

IFCCIS-#FL)€65,595+59
IFCPLDCFFI=CCNs ¥IIEC,STHSH
NO PYCANCCLINE

SK=K




57
58

6§
71

6C

51
113
64

66
67
6%
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STK=SK/7(2.+C.2%SK)

EWF=0.0C16

COF=C. 1T
RR=(R+0.c«D (XM ))/SCRT(CIN- V]
CIFAC=(TIISH+4.)/ (20.40.12T1I8)
FS=CEWNFeR(KK)SCCF /COCN,PF)*sC . 7))aSTK«LDIFAC)
AOCNLM)=AQCN,M)4S(NsK)sFS»PPoaFReB8
IF(K=1)€5565,69

IFCTAT=12.) €E5,65,71

AC(NsMI=ACUNoF) tS(NsFI)sFSxFPaFRxBB
60 TC 6%

COMPUTATION WITKF THERMCCLINE PRESENT
APL=2.5

IFCDIS~1FD) 65,6151

SK=K

STK=SK/(2.+#0.5*SK)

EWF=0.0C1

CDF=C.2¢C

COP=CKNsPIx2aC7 4%
RR=CR+0.2¢D(A>M I /SQART(L(N,F)]
DIFAC=C(LIS+4&.)/ (20 +0.1¢CIZ) .
FS=SC(ERF* (KR )+CLF /DOP )+ ST+ (D IFAC)
ACCN MI=ABC N, ¥) ¢SIN>FI*FSxFPaRR2BB
IF(K-1)€S,65sEH

IFCTAT~12.) €S565567
AQCN>MI=ACC Ko FI4SINs M) eFSaPFaRR2EB
CONTINUE

CEXXXIXXAAXXXAD XXX ¥X XX

7¢

ALPHA=0.78
CALL SILITACAC, ALPHA,NESMEHEC» ()

CXXXTAXXAAXXXIXAXXAAX YA XX XX

C

LU=3
CALL PRIMFS(AC, ToULI s VISLLls Ko KA» KALLELC,LU»NE» ME)

CAXXXXXXAAXXXAI XXX XXAAIAXAXAX
10C RETURN

END
SUERCUTINE CURDILCS»XU»sUIs» VI»CL,X»ELO,T» KAL)

DIMENSICK S€32, 314)sPF(22,34),C0(225,3%)

CXAXAXXXAAXRKXNI XXX AXXX

OO0

OONOMOO0o0 Magea

INDICES
KG=GRIC SIZE 1-2KM>2—4KV
KT=-TIME STEP 1=2CMIN», 2=40FIN.
KF=FLUCTUAT ICN FARAMETER CFAFISPERICD 15 MIN,KF=1.F2F=0.4
30 KlAsKF=2» FA=0.2
KA=LUAMIPARFLON OR INCFEASINGLAYER 1~LA MINAR? 2= INCFEPSINCG LAYER
XKU=~UNICIREC TIONAL CURREMNTI-UNIDIRECTICNAL»U-CIRECTION
2=UN JICIRECTICNAL Y= LIREC TIC N» 3-UN ICIRECTICNAL AT 45 CEG. ANCGEL
KR=-UNICIREC TIONAM OR RCTATING, 1-UNIDIRECTIONALs, Z?=-RCTATING
KS=SPEEL COUNTEF FOR & CIFEFENT SPEEDS
CURRENT SPEED INs, M/SEC

XXXXXXXXAXAXXI XXX XXX

THIS SUERCUTINE HAS BEEN USEC FCR CCMFUTATICN CF
CISTRIBLYION CF SMELL FROM EAJITS

XXXXXXAI XXX XX XXXXXXXXAXTAXL XXX NXAXXXIXXAXXXXXAXNX X XX
KG=1 ' .

KT=1

KF=1

KA=1

KR=1

CYRAXAXXXXAX XY XXX XX
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NE=32
NEH=NE~1
ME=34
NEh=ME~]
IF(KG=1)151,2
DL=2CD0.
€O TC 3
OL=4C00.
IFC(KT=1)4,4»5
T1D=2C.
c IAC=3
c IPR=136
IAC=9
IPR=3«21
GO TC 6
€ TO0=4C.
IAC=¢
IPR=18
€ IF(XF~1)77 58
7 FAF=C. 4
GCTC 9
£ FAF=C.2
SCON=C. (1745133
ALPHA=0.682
ALP=FAFsCON
TCAP=4S.+CON
Sg=100.
CXXXDAXXXXAXXDI XXX X
N c ACVECTICNCC MPUTED FOR 24 ECURS
TSTC=24.260 »
TI=6.
c TF=1CO% Ce¢TLC
CXXXIAWAAAXXAIZAA XX
KS=1
KKK=40
TURC=0.C2
c XXX XXX
C CURRENT SPEEC INPUT
IFC(KF=1312, 1251¢
12 IF (KL-22313» 14,1°F
13 LA=C-1‘11
VA=Q0.12\]
GO TG 1¢f
14 UA=0.15sL]
VA=0.15+V]
G0 TO 1¢&
15 LA=0.1S+L]
VA=0,1Se\]
GO TC 18
16 LA=G0.1Sei]
VA=0.15+V]
ADC=C. CCE
AROT=ALL«COX
AKADI=9C..sCCN
APARP=18C .« CCN

]

ol B

CL=4C0C.
TF=1440C.
CAXXXXXAXXXAXNI XAX X
C KAL=1, C(IL FOGVEPENT CN THE EQTTCM

IFC(KAL) 185,185,519
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CXXXXXXAXNINNI XXX XX
18 T=T+1D
TI=1
S1s ITC=C
ITCP=0
TI=T1I+T1
1€ I7C=1ITC+1.
ITGP=ITLF11
2C IFCKR=1341s 41947
1 IF(KU=ZY42s 43544
42 UsUI+UAsLOSCALP2TI)
V=VIaCOSCALP~TI¢TCAP)
GO TC 49
43 V=VI#VAsCOS (ALP«TI)
UsUIsCCS(ALP2TI «TCAP)
GO TC 4§
44 L=UI+UA=2CCS (ALP=T]I)
V=VI+VA=CCS (ALP+TI+TCAF)
GO TO &S
47 U=UTIsCCSCARCT«T I+AKACI]
V=VI«CCSCARCT2T J+APARP ]
45 COMTINLE
IFC(KAL=13253,27 527
251 IF(BLD~1125¢C,25(,252
c 100 UNIT1S OF CIL ADDED EACFK TIME STEP (SC=1C0.)
£5¢ S5C12,1C)=SC12,1C)+50C
GQ TC 27

CAXXAFXAXXAXXNIIXAXXXX XX
25C IF(K-1)251, 251,27
251 s(12,1C2)=80C.

CYXAXAXXAXNAAIXAX XX XXX
27 SUS=0.
SUa=C.
3C CO SC A=Z2sNEH
CO SC k=Z,MEH
SUA=SUA+SIN, M)
IF(UI32531, 31
31 SH=(SCKs»MI)=SC(N,¥F~1D)/T1L
GO TC 12
32 SH=CSCA,F)=S(Ns ¥+1))/0L
33 IF(V)I34,36s 26
34 SVSCSCRek)=S(N-1,¥))/DL
GG TC 3¢
36 SV=CSCAak)=S(N+1,M))/0L
35 SCN,FI=SCKo FI=CTOSABSCLIaSE)I-(TC2ABSI{VI=SY)
SUS=SUSeSIN-N)
5S¢ CONTINUE
IFCSUSIEC,3C,95
95 IFCITC~1AC) 80,55» 80
CAXXIXAAXXNXNDI XXX XXX
55 IF(KAL=-1355C,5515551
551 ALPHA=0.78
CAXXAXXAXAXAXXXY XXX X XXX
$50 CALL SIVITACS»ALPHAPNESPESD>»1)
ITC=C
C1=SUA/SLs
LC 6C N=1,NE
DO €0 h=1,ME
SCN»¥)=S{N> V)l




<
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6 CONTINLUE

c EFFECTS UF INCREASING LAYER THICKNESS,APPROXIMATE
c FACYOR ~CTR REFERRES TC KILCMETERS FROM SOURCE
c 0BS«. N FAD ¥ ARE LOCATICN CF SOURCE
CAXAXXAXAXAXADI XX
C THE FOLLCYWING SECTION ACT USEC IN OIL PRGBLEMS
CAXAXXXAXAXAXAY XXX

CTR=C.01°5

IFCKA-13815 81,61
61 DO 131 #=1,AE
D0 131 =1,
PFN,M)I=SCN,M)
131 CONTINUE
IFCKR=11€25 6256
62 IFCKU-21€3» 655,67
61 D0 64 A=1sNE
LO 64 M=1,ME
DIS=(M~1G)= C.C1 «DL
IF(DIS3%1551552
S1 RRC=1.
6C TG 57
52 RRC=(14=(CTR*CIS))
52 PF(N,MI=FFC No¥)*RRC
64 CONTINUE
G0 TO 81
65 CO €6 K=1,NE
L0 66 F=1,ME
CIS=(N-ZC)* C.01 «CL
IFCDISI 454556
54 RRC=1.
60 TC S7
S€ RRC=(1.=(CTR2LIS))
S7 PF(NsM)=FF{ N»N) *RRC
6€ CONTINLUE
GO TC €1
67 CC 68 N=1,NE
£0 €8 K=1,ME
IFCM=1C )58, 56,56
S8 RRC=1.
€0 TC &2
56 IFCN=1C158, 58,47
83 DIS=SORTC((M=1C)eaZ. ¢(N=10)222.)20.012TL
RRC=(1<-CCTR4CIS))
82 PF(N»MI=FFUN,¥) 2RRC
58 CONTINUE
G0 10 &1
65 CO 84 A=1,NE
DO 84 M=1,ME
IF(M=1C)EEs 86,87
86 RRC=1.
60 TC 8@
37 CIS=(M=1()* CaC1elL
_ RRC=C1.=(0. S*CTF=0IS))
88 PF(NoMJI=FF( K»¥)*RRC
IFCN=2C)ES» €959 1
35 RRC=1.
GO TC 94
91 DIS=IN=ZC)s C.C1eCL
RRC=C1+-(0. S#CTF*LIS))

94 PFC(NsMI=FFUNs¥)*FRC
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84 CONTINLE
81 ITC=0a
8C IFCITOP~-IPRISI0,E5,59¢C
C AXXXXXAIAXX XXXX
59C TI=TI+T1T
IFCTSTE-TI)1CCr 1CH1 C
C 59%C T=1+10D

c IFCTF-11100,10-13
c XXXAAXKI XXX XXAXNX
85 IF(KA-11122,122,121
121 LU=4
c CALL PRIFMFS (PF» T1oUI>VILCLo Ko KAsKALSELCo»LU»NEs ME)

£0 132 hN=1sNE
CO 132 ¥=1» ME
SCN,MI=FF(N5F¥)
132 CONTINLE
G0 TC 123
122 LU=
C CALL PRIMFS(S»sTolUIrVIoLLsX»XKA»KAL>BLO»LU» NESME)
122 IT0P=0
1 RETURN
ENE
SUERCUTINE SILITA C(S»ALFHASLNESMESD» 1)
CINMERNSICK 5€(32, 34),0C32534)
NEH=NE=-1
MEH=ME~-1
BET=(1.-ALPHA) &,
DO 123 M=2» NEH
CC 123 #=2s MEH
IFCI-131€C1, 1025152
101 IFCCAN,P3)1245,1245,103
102 IFCS(N,V¥))1 245,124,103
1902 IFC1-N31C5», 1675105
10 VALP=S(r=-1,PF)
GC TC 1C8
137 VAUP=S(t»M)
1086 IFC(NE-ANJI110,112,110
11C VALQO=S(}:1, M)
G0 TC 113
112 VALO=S(}sN)
117 IF(1-M)3115, 116,115
115 VALE=S(M,¥-1)
GO TC 11317
11€ VALE=S(}P.M)
117 IF(ME~¥1119,121,119
115 VARI=S(D},V¥Fel)
G0 TC 122
121 VARI=S(DM,M)
2 SChs¥)= llPH‘*C(%:F)0&51*(VIEPQVJIU*\ALE*VARI)
60 TC 123
124 S(N»M)=C,
122 CONTINLE
RETURN
ENC
SUEROUTIME PRIHF‘(SIT»(I’VIrflpKrKAoKﬂL!ELﬂ!LL'hErHE)
CIMENSICLA SC32534)»315C22+34)
c IFCLU=11202,4C1,420
IFCLU-1]270,4C1,420
202 PRINT 2C15K»T»Ul»VI»DLoKAs KAL
201 FORMATCIHI»SX,1E8KH0TIL CCNCEXNTRATIONS »2X»2HK=01I5S,21Xs2F1= ’Ff-cp3)’3hu
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2IzoFBadksi%s IHNI=»FbH. 45 3Xs3KCL=»F6.0,3%»IHKA= 11393XviHFIL-DI7)
PRINT 2715K,CL

FORMATC1H1s SX»1 EHCIL CCNCENTRATIONS»2Xs2HK=0I1SsIX»3HCL=+F6.0)
PRINT 2(13

PRINT SC4

FORMATC S ¥s 12KCCNC. IN FFBZ)

FORMATCEX,1 SHPRIKT FACTICR = GCal1s4Xs, 7THPPB/10.7)

CEXXXAXXXAAAXAIZAX XXXX IX XX

491
&0¢

42¢(

421

422

42%
42€

4 3C
431
412

72

GC TG 212

PRINT 4(2

FORMATCIh1, SX,L €HCEPTHSE IN FETERSS)

GO TG 320

IFQLU=22421 5,425,410

PRINT 422,K

FORMATCIF1» SX,34HCECAY CF CIL ON THE BOUTTONM, FERIGEC»IZ)
60 T0 212

PRINT 4c€,K

FORMAT(IR1»SX»4 IKNEW OIL ON BCTTOM EEFCRE AUVECTIONsFERICT,IZ)
60 TC 212

IF(KAL-12202,6431,431

PRINT 422,X

FORMATC1h1,SX»S4HAGVECTEL CIL ON THE BCTTOM» PEFICL»IS3
PRINT 2725U01,V1

FORMATC(EX»3EUI=»FS5e2»3X0s3HVI=0F5.2)

€0 TG 212

CUAXAXXXAXAXX I RXX AAXX FXXX

211

c1:s
21€

IF(KA=-12210,210,215

PRINT 211

FDRHAT(‘)’IZHLAFINARpFLth/)

60 TC 212

PRINT 21€

FORMATCSX,2 EHLAYER THICKNESS INCREASING/)

CXEXAMAAXAAAAAI XXX XX XX IAXX

c

21z
<1z
22¢
Z25(

Ny
"N
A

ny
[*\
(=]

Ay
%))
Ny

321

23¢C

20c<
530

. FORMAT(SX»16HFRINY FACICHK

IF(KAL-1123C,22C,220Q
IF(KAL-1153C,22C,22C
IF(BL0-1)2505,25(5252

L0 225 »=1s KE

LO 225 =15 VE
ISCN,MI=SC(N-¥M)~10CC.

CONTINLUE

PRINT c€<C

173

GO T0 c¢C

Lo 2S3 P=1,KE

00 253 »=1, VE
ISCN>M)I=SC(N»N)x1CT.
CONTINLE

PRIKT 2¢1
FORMAT(T¥»1 EHPRINT FACTICR
G0 TC 24¢

LO 321 M=1s ME

Lo 321 »=1, ME
ISCEN,NI=S(N»¥M)
COATINUE

GO T4 2t

DO 265 P=1,AE

CC 205 =1, FE
IS(N,MI=S(NsM)s ICCC.
CONTINUE

DO 531 #=1s NE

Nels&X»THPFB/10.7)
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00 521 p=1,PE

ISCNsM)=S(NsMI~100.

CONTINLE

IF(ME=-4(3€1CrE4C,rE4C

PRINT 2C€eCNsN=1,40C)

FORMATC /4%, 4013

PRINT ZCI5sCN(ISCN,¥IobF=1540)0N=1,5C)
FORMATC /1) 121 %5401I3)
XAXAXAXXINXX XX AX ¥XAX

GO TC 3¢€C
XXXAAXXAAI XXX XAXX ¥X XX

PRINT Z(ED( NoebN=4&1,50)
FORMATCIR1, 774X 5101 3)

PRINT 2CSoC(N» (TSCNs¥Isp¥F=41,SC)sh=1550)
FORMATC 1%, 1251%5,1013)

XXXXXX

GO TC 3€0

PRINT €11,CNsN=1,34)

FORMATCs74Xs 3413

PRINT 6125s(NsCISCNhsPIebk=1s34),N=1,32)

€12 FORMATC/1Xr 1251%,3413)

RETURN
ENT
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PROG/BI0S/MIGR

SRESETY FREE

$SET OKN CWNAFRAY S

FILE 1CKIND=C1SK »TITLE="CCSEAF/CILCON/LOCI™H»F [LETYPE=T)
FILE 2CKIND=TISK »TITLE="CCSEAF/ CILCON/LOCZ "» FILETYPE=7)
FILE 3CKIND=[CISK,»TITLE="OCSEAP/CILCON/LOC3",FILETYPE=T)
FILE 6CKIAD=FFINTER)

FILE 8CKIND=CISK NEWFILE=.YRUE. )

FILE 9CKIND={I SKoMNEWFILE=.TRUE. 1

c
gceceecececceeccecccececccecceececeeccecceccceccceccecececccececceccrcccccece
c

c THIS VERSICN HAS MIGRATICNS (OVER A €4X68 GRID)

c BUTONLYTYL SPECIES:

c SPECIES 1 (JUVENILE FERRINGI ANO

c SPECIES 13 CACULLTY CFRAES)

c
c

ceeeececcceccecece ceeccecccececceecccceccecccceccceccecccceccececccdLc
COMMCON/ELK1 /NEs ME»KoLL
COMKCN/ELKBIC/LCC,ACTRICE)
COMMCN /7 INPB I10/BIBLCC2)
y COMMCN/ELKO IL/0ILCONCZ, 220 34)
COMMON/ELKNERK/NEKOIL (25225 34)
COMMON/CIL/ WSFCI12534),T2RS (12,3 4)
DIMENSICN ISLC32,34),0(22» 34),TECA)»S7(32,34)»58(32,34)»
RISC1Z5 34)

c
c SET FMIGRATICN PARAMETERS
c
RP=.95; KE=25; ANG=453 VEL=1C.
c
c CATA STATEPENT FOFR SUBRCGUTINE FEDCIL. IFEDCL=0 FCF NC PRINTING CF
c CUTPLUTY; IFEDDL=1 FCR PRIMTINGC CF SUMMARY TABLE CANLY> IFEDCL=2 ¥C(FR
c FRINTING CF CCNCENTRATICAS AT EACKF GRID POINT ONLYS IFECLCL=3 FGF
c FRINTING CF BCTH. '
c
CATA IFECOL/0/
c

REAL NEYGIL
NE=327FE=345K=33LL=17LLFAX=SC;LCC=2

3

LOC 25 J=152
ACTBIOCJII=BIGCLC (J)
25 CONTINLE

3¢ IF(LL.G1-101 €070 35
REACCLOC» /) NHFS
REACCLELC,/) (CHSFANe¥IoP=1» pE),N=1,NE)
GC TC 4<C

35 00 3&N=1,sNE
D3 38 F=1,ME
KSFONs MI=HSFCNs ¥IAE XP(~(.3)
STANsM)I=hSF (NoM)

38 CONTINLE
GQ TC 47
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CEANGE CIL CONCENTFATIONS FROM PFB TC FPM

4«

32

CONTINUE

DO 32 AN=1sNE

CO 32 r=1»,ME

KSFCho FI=K3FC(A» FI/100C.
STINsMI=HSF (NsM)

CCMPUTE OI1 ON THE ECTTCM

be

778

$59¢

CONTINLUE

BLO=1.

BLC=2 CCATIMNUCUS SOURCEs BLC=1 INSTANTANECUS SCURCE.

pL=2C00. '

JAT TIXE STEP IM HOURS

TAT=24«

TD=2C.

T=L1l+144C.

KAL=0

KAL=0 = NG OIL FCYEMENT CN THE BOTTCM», 1 OXL ACVECTEL CN ECTTLN
KU ~ CUFRENT INCEX, SEE CURCIL? KA = TURBULENCE INCEXU(NCTY USEL)>
LU = PRINT SCAL ING INDEX :

Xu=3

KA=1

LuU=_

Ui=C.

vi=i.

CALL OILEOTC(S7,1L»TD»CLsDs CE5» 18»BLO»UTI»VIKUsKALL,TL,KAL,TATD
IF(LL.GY.1) GC 710 SS

CO 5S4 N=1sNE

CO S& FP=1,ME

ISLI(NKs M])=0

IFC(OCN»?)GT.0) ISLU(N»?)=1
CONTINUE

UI=60.

T VI=2.

IF(KAL.ME.L1 IGC 1C 31
CALL CUFLIL (S8, KU,UTI»VI-TL»LL»8L0sTeKALD
L0 32 N=1.NE

L0 33 »p=15ME
TARS(N,»¥)=S58(Ns V)

CALL FEICILCIFELCL)

CALL MICR(RF,KELANG» VEL)
LL=L1+1
IFCLL.LE.LLMAX)CC TO 3C
CLCSEC8,CISF=KEEP)
CLCSEC9,CISF=KEEP)

sTCP

END

BLOCK C#1A

COMFCN/INPBIC/BICLCC(2)
COFMONIVALUES/FCOCHP(2)0o19C2)»K2(2)
REAL KZ

DATA BICLC/ 130e,1472/

CATA FLICMP /1.0C5.10/

CATA TJ/.01€,.0CE/
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CATA K2/.198040,.222823/
ENC
SUERCUTINE PMPIGR(FRP>KE» ANGs VEL)

XXXXXXXXAXXA XXX XXX XX XXXXXANXK XXX AAXXXXAXXXAXX XX XX XAAXXNY XX

c
c
c
c
c
g SET UP FOR MIGRATICNS CF 45,1
c
c
c
c

MICRATION SUBRCUTINE

»Z22S» QF 315 DEGREES
TC¥ARDS NORTH)

[
-

3
(C=TCWARLS EAST; 9C

USES TWICE NCRMAL €FIC SIZE RP=MIGRATICN FFACTICN

EXAXXXXXAXXNIAXNX XXXX XXX XXXAIXXEAXAXXXXXAXXAXAXXXXXXXAXXARYX

801

BIMENSICN ISPCUZ)»S1C(64,€8)0SCUERL6E)»S2(E4,68)5DAT(2,64,68)51T7(4)
COMMON/LIL/¥SFC32,34)»TARSC22,34)
COMMON/ZELKO IL/0ILCON(25 325 3 4)
COMMCN/ELXKNEW/NEWCIL(25 12, 34)
COMMCON/ELKL /NEs FE»K» LL
COMMON/VALUES/F CCCMP(Z2),T1J(2)»K2(2)
CATA ISFCr/1-13/

REAL NEYGIL

RAL=C.C174523

A=ANG

IF(KE-EC.1) A=ANC#+18C.
NNE=643PkE=€E

IFCALEC.45)CC TC 1
IFCAEQCL135)GC TC 2
IFCALEC.225)GC TC 3

Ni=1

N1=1

GO TC &

N1=1

N1=32

GO TC &

B1=135

N1=33

GC TC &

¥1=35

N1=1

MM=(K1=-11¢3 4

AN=(N1-1)432

¥0=0sNC=C

IF(M1.G1.1)FC=3 4

IF(N1.CT.1) K0=32

A=A*RAL

U=COSCA)=VEL

V=SINCAJI=VEL

€0 999 J=1»2
RATEXP=EXP(-K2(J))

CO &01 M=N1osNhA

ANX=N-NC

pO 201 =M1,

KX=V=HC
OATCJsNsMI=NENOILCI» NXP¥FX)
DO S N=1,NNE

CO 5 M=1,KME

SICN,MI=CAT (JsN»sM)
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D3 €5 N=1,NAME
CC 65 k=1,MNME
IFCSICA M) CTL0.IG0 TO €4
S1{(N,M)=C.
S2{NsM3=C.
S3I(N,MI=C.
GO TC €<
64 SZ(NK»M)=S1L Ns V) sRP
SICNsMI=S1C Ko ¥I=S2C(N>» M)
65 CONTINUE
CALL RAMRAK (JslsVs»S2)
S2 = SPECIES (PCRTION %HICE MIGRATELD)
ISL=-SEA-LANLC TAELE

O OO0 o

ACCING MCNMIGRATING POFRTION
DC 63 N=1,NNE
CO €3 F=1,MIE
S1CNsMI=S3CNs¥F) ¢S2CNs M)
63 CONTINUE

120C CO 1C0C I=1,4%
ITC(I)=¢C

1C0C CONTINLE
CC 1201 A=1,MNE
D0 1201 M=1,MME
IFCS1CA M) LT.5.00G60 TC 12C1
IFCSICN oM )e CELSCIITC1I=IT (1) 24
IFCSICA M Ia CELL1CLIITCR21=1IT (2344
IFCSICAPM)e CELSCLIITCII=IT () 44
IFCS1CNPN)e CTL1CTYITCRI=TTCLIHS

1201 CONTINLE
WRITE(S»/) L»ISFC(J)
WRITECS,/7)CITCI ) I=1,4)
IFCLLoN€aSe PNCell e NE<I1C.ANCLL.NEL2C.AND.LL.NEL30)GC TC 70
WRITECE8»/3LL5ISFCCY)
KRITECB822XC(SICN, M) N=1,EMED» A=145NNE)

70 CO0 778 P=1sAE
AX=NeNG
EC 772 =1, DML
KX=MeMD
NEWCILCJoNe ¥X=ST1(NX»H¥X]

77a S1CKXe MII=N.
DO 779 =1, AKE
L8 779 PF=1s FNE

77s DATCJs Kol )=S1(NsM¥I*RATEDF

§99 CONTINLUE

€EBE RETURN
ENC
SUERCUTINE FANNZK(J,L»V»38)
CIMENSITN SECELER)» ANEN(B4,6E)20LD(E4»58)
CONMCN/CIL/ WSFC22,34),TARS(22534)
CCMMCN/ELKL /NE» VELKHLL

c ISL= SEM-LANL T2ELE

c €8 = C(SFECIES)

C KRC = MUPBER C(F MIGRATICNS PER LAY
AL=2.0

NNE=€E47PIFE=EE

c
C
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UsV VELGCITY CCMPOMNENTS

KE IS INDICATOFR CF SEASON
KE=1 IF MICFATICN 1S TC SEALLCWEF WATERF KE=2 FOR FIGRATICN 10 CEEP

oOMOaOOn

p 2¢ TD=.123
NEH=NKNE-1
MEH=MMNE-1
MIGRATE B8 TIMES PEF CAY (1C=.125 TAYS)

SE IS MIGRITING COMNTARINATICN

OOO00

CO 254 PFRC=1,7

CALCULATE PIGRATION AT EACK GRID PCINT

(x Ne Ny

D0 133 PM=1, NAE
CC 133 F=1s VPE
OLCCNs K 1=53 (h»pM )

DETERPMINE CRID PCINT TO G6C 10

o0

IFCUI23(,231,232
¢30 IM=-1
GO T0 213
€31 IM=¢
GO 1C 2133
232 Iv=1
23 IF(V)I23¢L,235,73¢
234 IN=1
GO TC 227
3% IN=C
IFCIM.EC.O)GC TC 133
GO0 YO 217
23€ IN=-}

GY»GY ARE #PTS LEAVING IN X»Y CIRECTION

LD IS CRICINAL CONTAMINATICN LEFT AT CRIDPOINT A,¥
ANZh IS FITLL CF MIGFATEC CONTAMINATION

QOO0 00

237 IF(M.EC.]l - ANC. IM.GT.CJCO TC 2CQ7
IFCM.ECFME ANC. INM.LTLO)CEC YC 200C
GONX=CSE(Ns FI=S8(Ns M=1}1])

GO TC 2(C1

2CCC GONX=CSE(Ns F+IMI-5:(N»F1])

2601 IF(N.EC.ANE <ANC. IN.LT.CXCGC 10 200¢
IFC(NEC.1l < ANT. IN.GT.CIXGD TC 2€22
GONY=CSELNs FI=SELN-IN»}2)

GC T0 2(403

2C0¢ GONY=CSEUIN® INsMI=ST(N»sR])

2C02 GX=GCONX=AE3 (U)* 1C/AL
IFC(GY.L 7.0 )GY=C.
GY=GONY*ABS (VIx 1T /AL
IFCGY.171.0.)GY=C.
IFCCLDCM M) LT« 1.0G0 TC 591
TFCPECPME ANT. IN.GT.CICC IC 991
IFCM.EGal « AND. IKLT.CICO 10 591
ANEW(N P+ IMI=ANEW (N> K+]F I+ CY

$91 IFCCLDCPoM) oL Ta1.3G0 TC 1313
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IF(N.EC.1 - ANC. IN.LT.CIGO TC 992
IFCNJEG.ANE .ANT. IN.GT.CIGC TC 992
ANERCN® INSMI=ANERCN+IN,PI+EY

99Z CLDC(Ns MI=CLT(Ns FI=GX~GY
IFCCLDCA o M) LT C.OCLOCASMI=C.

132 CONTINLUE

591 CC 751 PF=1, MNE
CO 751 =1, ¥ME
SBCNs>M3I=GLD (NsM I¢ANEKC(RA,P)
CLOCNs, ¥)=0a
ANEWCN,*2=0.

751 CONTINUE

254 CONTINLE
RETURN
ENC
SUERCUTIMNE FECOILCIFEDCL)
COFMMONZCIL/ WSFC12,34),TARS(22534)
COMMON/ELXKBIC/LCC,ACTEBIC(2)
CONMCN/ELKO IL/0 JLCON(2, 325, 2 4)
COMMON/ELKNERINEWCIL(25225 3 4)
COMMON/ELKL /KE» PE-K»LL
COMNCN/VALUES/F CDCMP(2)»TJ(2)»K2(7)
CIMENSICN TCh{(21sS1(325,24)
REAL MS,K2, NEROIL

C
c ART/FECGLII - TEIS IS 1KE #BCF VERSION® OF FECCIL IN WEICH CMLY
c K2, ANT BCF ARE USEC IM CC MPUT IxNG UPTAKE AND CEPURATICN.
c
c K2¢J) 1S THE DEPURATICN RATE CCNSIANT FCR SPECIES J
c
c SCFPEL 1S ThE EIOCONCENIRATICN FACTOR OF EACH PELAGIC SPECIES J
c
c BCFOEN 1S THE EICCONCENTRATICN FACTOR OF EACH CEMEFRSAL SPECIES J
C
c FRCNAF 1S THE FRACTICAOF ¥SF T H A T IS NAPHTHALENES.
C
c FRCNAL IS THE FRACTION OF TARS THAT IS NAPHTHALENES.
C
c------- ---------------------------------------------------------------
C
c <7 COMNSTANTS
C
RAD=0. 01745329
ALP=130.¢RAD
GKAP=17%.sR 4D
VALCA=CCSCALP*K~GKAP)
FRCNAP=.S
FRCNAD=.10
BCFPEL=170.
BCFOEM=17C.
c
C ________ A Ay WD AB A W A =T=s====" - T Am G EDBAS W T T T == ====@==&=&==&==%= D AR WD AR A D Ul M AR AR AR VM AN AR WP WS W WS S
C
c COMPLTE LPTAKE AND DEPURATICN OF OI1l CONTAMINANIS. FCF CLIFUT,
c A L L CONCENTFATICNS ARE IN PPM AND ACTBIC IS IN KG
C---- ------------------------------------------------------------ -
C
CO 99 J=1s2
c

00 100 1=1,9
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13C CONTINUE
C
RATEXP=EXPL{~KZ(J))
TOHCII=TIWI I+ (D .IS+TICJI)eVALCA)
TONS=CACTIBIC(J)*4.0)/1CC0C.

TAREA=C.
TTCNS=0.
TCOUNT=C.
DO 1€ N=1,NE
CC 10 P=1,ME
VALUE=C.J
STCN,MI=C.D
TAREA=TIREA +4 .0
TTCNS=TTCNS +TCN S
TCCUNT=TCCUNT+1 .C
IFCFCDCHFF(JI )T 0. ANDLFCOCHMP(JI.LTL1.0) GC TC 20
IFCFODCMPCI).EQ1.0) GC TO 32§
CO=TARSCA»M I2FRCNAD
VALUE=CC(*BECFCEN 2.0
60 TG 13¢C

2C PEL=FOCCHMPCY)
CEM=1.0-FEL
CO1=hSF(AsMI*FRCNAP
CO2=TARS(N» ¥ )oF FCKNAL
VALUE1=(CC1 =8CF FEL)
VALUE2=(C02 *ECF CEM)
VALUE=CFEL® VALUE1*DEM*\ALUE2)
6C TG 116

3¢ CO=WSF(Ps¥) 2FRCNAP
VALUE=(CC*8CFFEL)

130 COMTINVE

CILCONCJoNs #)=VALUESC10~RATEXPI+NE¥OILCJsNsM )2 CRATEXF)
NEWCILCJoNs FI=OILCONCISNSM)
STICN,MI=CIL CONCJo Ko K)

C WD A @ D G T W D G DD D W YR TR WY R A WD D A EN W WD WD W D GRS WD W D T A D R WD U W D G AP D DD VD A D A W R A S W W B e A

€ EMC SLERCUTINE

c D WA D DR W A WD W W I WD W AD AT W A YT G A AR R G AP G D T W D W GG W R G DA D WD D ) WD AP P G T D D AR AP A D D D D D WP WDy A

-

~
A d

12 CONTINLE
99 CONTINLE
$99 RETURN
ENC
SUERCUTIANE CILBCT(SOK’1D’DL,D"C’vB’BLCOuIDVI'KL’K‘l!’!K"T")
COMNCN/ELKBIOQ/LCC,ACTRBIC(Z)
CINENSILN S5C32,74),0022534),A0(32534),T8CAYLPLE(2)ph(2)
C=CEPTH
AQ=-CIL (N TFE 3CTITONM
T8-BECTICr TEMPERATURE, FCUR VALLES CIVEN
FLC-THEFXOCLINE CEPTH», TWO VALUES
K=WIND SPEEC» THFREE VALLES
KT-INDEY OF 1B VALUE CECSEN FCR THE RUN
KP-INDEY OF PLD VALUE
K¥=-INDEY CF WINC VALUE
BLO=1 IPSTANTANECUS SCULRCE, =2 CONTINUOUS SOURCE
UT-SURFFCE CURRENT SPEET
KAL=1 CCPPUTATICN OF OIL MCVEFENT GM EBCTTCHM

LU=1 DEFTH CATA
LU=2 DECAY CF OIL ON THE BCTTCN
LU=2 DIl ON THE BOTTOM EEFCFE ACVECTION

COOOOOOMOOOO00O0
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LU=4 011 CN THE BOTTCM,LAYEF THFICKNESS DECREASING» ACVECTYED
LU=S ACYECTELC CIL ON THE BCITCNM
LU=6 CCPTAMINATICN INDEX» FELAGIC FCOC
LU=7 CCMTAMIMNATICN INDEY» CEMERSAL F¥OCD
NE=32
ME=34
KQ=1¢
MO IS THE M LCCATION OF BLO¥OUT
SIFULATICN CF DEPTH,
KB=~AREA MUMEER FCR YANKER 2CCIDENTYs 4 TC 6
1€ KB=10C+? ' .
IF(KE8-51305,330,360
105 DO 319 #=1s NE
£0 319 r=1s¥E
SDS=¥
IF(N-17)3069+306+307
398 CANsMI=7Ca~C.3528DS
GO TC 316§
307 IF(N-=2€1308,308,311
308 IF(M=2C1309,3C9,31C
3CS CINsMI=€Z.~1.0*5CS
G0 TC 315
EIC D(N’H)=€2'_ 1.2 $CS
GC TC 115
311 IF(¥F-2C1312,312,313
312 CCNsMI=Th o= 1.2~ SCS
GO TC 119§
312 DCRNsMI=C4 = 1.4~50% : .
315 CONTINLE s
ALPHA=C.S
CALL SILITA(LLALFHALNESPE> SH511)
G0 TC 1¢
CYXXIXAXXXAXX Y XXX X
3J3C TC 359 M=1s NE
CO0 3S9 »Pr=1sPME
SCS=¥
IF(N-221331,331,332
131 CEN»¥)= L =1.0xSCS
GO TC 3%9
3132 IF(M=251333,333,334
231 DUNPMI= LT = 1,6+ 5SS
G0 TQ0 3°%s
334 DCN»M)=L(.
359 CONTINLUE
ALPHA=C .S
CALL SILITACC,ALPHASNESPFEs» Sp1)
GO0 TC 1C '
CXAXNEXAAXNXAXXIAAX X
36C CC 379 #=1, NE
DO 3279 =1, 0L
SDE=N
IF(K-121)361 ,361,362
161 D(N,NI=1E,
GO TC 37s
362 DC(NsMI=4S,
379 CONTINUE
ALPHA=C .S
CALL SILITACC,>ALPHA»NESVE» S»1)
CAXNXAXXAXAAXIXAX AXAX XX
1¢ LU=1

OO0

oy

e X e Nyl

£
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IFC(X=1)17,17,20
IF(K=1)9+95 20
9 CALL PRIFMFSC(U»ToUTIs VIoLLsK»oKAwKAL,BLO»LUSNESNME)D
CAXXXXAXAXXRXAIIAX XXX IXX
17 00 18 AN=1,NE
CC 18 ¥F=1sME
AQCNeM)I=C.
1€ CONTINLUE
c INPUT FIRAMETERS
2C 13(1)=1.
TB(23=4.
T8(3)=8.
TBC4)=1¢.
FLDC1)=2C.
PLRC2)=4L.
K(1)=5.
w(2)=1C.
W(3)=15.
c PP - RELATIVE CCANC. OF FPLANKTCN
c R - INCEX OF SUSPENDEC MATIER
C 88 - 8CTIOM TYPE INDEX
PP=1.5
R=40.
EB=0.8
SETTINE CF INCICES FOR IRPLT FARAMETERS
KT=3
Kp=1
KK=2
CXXXXAAARXAARI XXX XXAX YXAX
c CECAY CF CIL CN THE BOTTCM
IF(X~233(,25525
25 DO 29 N=1,NE
DO 29 k=1.ME
IFCD(NSP})I25+29 9250
Z29C IFCACCASPF))Z95294.26
2¢ TFA=(TE(KT) 222,.7)+0.00Q1)
CFA=Co1/7SQRTID (N,M))
EFA==CTFAsDFA)
ACCNsMI=ACUKs M) 2EXP CEFA)
IFCTAT=12.)29+25,27 -
27 AQUNSMI=ACUN,F)«SXPLEFA)
29 CCNTINUE
CXAXTAXXAAXX NI XX XX XX XXXY
: Ly=2
C CALL PRIPFS (A0, ToUI »VIsCLr Ko KAo KAL»ELOSLULNELFE)
CAAXYXAAAXXXXINAX AXAX XX XXX
3¢ IFCELDO-1)31,31,°%51
e INSTANTZAEDUS SCURCE C(TANKER ACCICERXRT)
211 €O 45 N=1»NE
DO &S M=1,ME
IFCCINSP )Y S,45,291
291 IFCPLDCPFFI)~T(NrPFIIL0,33,33
C NC PYCMCCL INE
33 SK=K
I STK=SK/ (2407 5K)
S€ BCF=C.CC15
CCF=0.1°¢
RR=(R+C, Z*D(N’H})ISQRT(ffNrV))
FS=CECFash{K k)*CCF/7CCCNo¥FIx=C7))xSTK
ACCNsMI=ACCA,M) 3S(Ns M) aFSeFPxRkR=88

(]




13
17

4L
3¢

1312
Lé
45

51

55
57
5¢

69
71

6¢

51
62
64

8
67
65

-40-.

IF(K-121%,4%,131
IF(TAT= 12 45,45+ 37
ACCNoMI=ACUN,¥)4S(N>»MI)eFSaFP2aFRRegE
GO TC 4°

THERMOCLINE PRESEINT

IF{(K~1)¢5,4%, 28

SK=K

TDK=SKZ7 (3¢ 052 SK)

BCF=C.C(1

CCF=C.2¢ )

RR=(F+0.2«D (NsMII/SQRT(CIN-¥])
FOC=(BCFaN( KNI+ CCF/CD(A,M) 220 ,7))2TLK
AOUNsMI=ACCASNM)S(N,K)2aFLD «FP2RR«BE
IF(K=1)45545,132

IFCTAT=12.) 45545, 44
ACCNsMI=ACU Np NI 4S(NsNI2+sFTLD»FP2RR=xBE
CONYINLE

GO TQ 7¢

CONTINLCTLS SOURCE C(BLCRCLT)

DO 65 K=1sNE

LO 65 N=1,ME

IFCC(N,F¥))65,85,252
DIS=C(P-F()20.0C1DL)
IFCDIS1t3,53,%54%

DIS=C.C(1

APD=2.5

NO CCMPUTAT ICN IN IMMECIATE AFRLA OF BLCOWOUT
I.Ee 2.5KM FRCM THE SCLUFRCE
IF(CIS-#FD)€S55,59,59

IFCPLDCRF)=CCNs ¥)IECH»55,TS

NO PYCNCCLINE

SK=X

STHK=SK/7(2.+C.2%SK)

BRF=C.CC1¢

CDF=0.1°¢

RR=CR¥C 22D (NsMIY/SQRT(LN5¥)]
CIFAC=(LIS+4.)/ (2C.¢0.12L18)
FE=(ENFoR(KWICCLF/(D(No k) 2C 7)) 22STE2(DIFAC)
AQCKsMI=AQCN, M) 4S(N»¥M)sFSePPaRR288
IF(K-1)€5565,69

IFCTAT-12.)€5,65,71
ACQCNSMI=AQC N, MY ISINSNIoFSaPPxER2E88
GO TG €<

CCKPUTATION WITF THERMCCLIANE PRESENT
APL=2.%

IFCDIS=FFD) €ES»61061

SK=K

STEK=3K/ (Z#0.Sx KD

BHF=C.CC1

CDF=C.2¢C

CDP=CCNsP)x (.7 &

RR=(R* 0 .2+D (NsMI)/S3QRTC(L(N,¥))
CIFAC=(TIS+4.)/(20.+0.12CI%)
FS=CEWF2R(K¥)2CLF/ODP I STK2 (D IFAC)
ACCN,MI=AQCN,FIGS(NsN)2FSePPsFRaBE
IF(K=11€55,65,65

IFCTAT=12.) €5555,57

ACUNSM)I=ACUN»¥) #S(N,FI)2sFSxPP2FR+BEB
CONTINUE

SAXAXIXXARXAXXAI XXX XX XX




o
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7C ALPHA=C.78 :
CALL SILITACACS ALPHASNESFE»C» ()
CARXXXAXAXIXXIXAA XX XX IANXXUX
LU=3
C CALL PRIMFSCAC, ToUT o VI,CLlo Ko XAw KALPELOSLUsNEs FE)
CXXXFXAXXAAXXAIXAX XX XX XXXXXX
100 RETURN
ENC
SUBRCUTINE CLROIL(S,KU»UI» VI,CLsK»B1L05T>KAL)
DIMEASICN 3(32»343,PF(32534),00132534)
CCXAFAAXARANANXIAAX XXXX '
INDICES
KG=GRIC SIZE 1-2KNMs2~4&4K¥
KT=TIME STEP 1-2CMIN», Z-4"FIN.
KF~FLUCTUATIGN FARAMETEFR CFAFISPERICD 15 MIN,KF=1,FAF=0.4
30 KINSKF=2» FA=0.2 ‘
KA=LAMIMAR FLCW CR INCREASING LAYER 1-LAMINARS 2-INCRERSINCE LAYER
KU=-UNICIREC TICN AL CURREMY 1-UNICIRECTICMAL,U-CIRETCTIGN
2-UNICIRECTICNAL V-LIRECTICNs, 3=-UNIDIRECTICNAL AT 45 [EG. #NCEL
KR=-UNICIREC TIONAL OR RCIATING» 1-UNIDIRECTICNAL, 2-FCTATING
KS-SPEET COUNTEF FOR & UIFEFRENT SPEECS
CURRENT SPEEC IN» M/SEC '
YXXXAXXXXXXXAIINX XXX
THIS SUFROUTINE HAS BEEN USED FCR CCMPUTATICN CF
CISTRIELTION COF SMELL FRCM EAJTS
NXX XXX XA XXX XX AXXAXN XXX XXX AANXAXXXRXAXXAXXXAXNXRN
KG=1
KT=1
'y KF=1
KA=1
XKR=1
CXXXFXAAAXAXXI XXX XX
NE=32
NEH=ANE-1
ME=34
NEH=NME-]
IF(KG=111,152
CL=2G0C.
GG TC 3
gL=4C0C.
IF(K"'I)‘.'O »5
10=20.
(8 JAC=13
C IPR=136
IAC=9
IPR=3=21¢
GO TC ¢
TD=4C.
IAC=2
IPR=13
IFC(KF=117,7 »8
FAF'-'CC‘
GCO Y0 S
€ FAF=0.2
S CON=(.C174532
ALPHA=C.E2
ALP=FAFsCON
TCAP=LS ,+CO M
S0=1C0.
CUXXDXAAXXXAANI XXX X

OOOOOOOOO0O00O00000

(2]

Mot NS

n

-
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C ADVECTICN CCMPUTED FCR 2 4 FCURS
ISTC=24.260.
TI=0.
c JF=1C08C.+TC
CUXAXXXXANYXXIN X XX
KS=I
KXK=4
TURC=0.€2
XXXXXX
c CURRENT SPEEC IANPUT
IFC(KR=-1112,12,1¢
1¢ IF(KU=2113,1451°
13 LaA=0.1+11]
VA=0.12\]
€0 TC 1€
14 tLA=0.15L1
VAz0.1S5eV]
GO0 7C 1¢
15 CA=0.1S2L]
VA=0.152V¥]
GO TC 1t
16 UA=0.152L1
VA=0.152V1T
ADQO=C.CCE
ARCT=ACC»CON
AXACI=9C .aCCA
APARP=1F C.«CCN
CL=4C0C.
Tr=144CC.
CUAAXNAXAAXXXAIXIXXX
C KAL=1, C(IL MCVEPMENT CN THE ECTTCHM
IFC(KAL)18518,519
CXAXTIXXXXAXAXNNY XXX XX
18 T=T+1D
TI=7
S1§ ITC=C
ITgP=D
TI=7I+1L
1ICITC=1TC+l.
ITcp=I1TCFn1
2¢ IFC(KR=1)415 41,47
L1 IFCXU=2342» 3,44
42 L=UI+UR sCOSCALP+TI)
V=VTeCOSC(ALP=TL+TCAP)
GO TC&S
43 V=V14¢VA2COS(ALP«TI)
U=UI«CCSC(ALP+TI +TCAP)
GO TO &S
44 L=UI+UAsCCSCALP«T YD)
V=VI#VA=COS (ALP«TI+TCAF)
G0 TO 45 ,
G72U=UIsCCS(ARCT=TI+AKALI) “
V=NI=2CCSCARCT=T J+APARP]
49 CONTINUE
IFC(KAL-112523,27 27
253 IF (BLO-1)25 €,25(5252
c 10CUNJT1S OF CILADCEDEACKTINE STEP (SC=1¢0.)
25¢ SC12,1C )=SC 12,10)+5C
GOTC 27
CYXXAXXAXXXXX I XXX XXAAX XX

(]




25¢C
251
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IF(K=-1)251, 253527
§C€12,1€1=600.

CXXAIXAAAXXXAI XAXXXNXN

21

3¢

31

32

K
- -

34

1€
3<

50

9%

SUS=0.

sua=g. .
DO SC MN=2,NEH

DO SC b=2,MEH
SUA=SUA4SIN, M)

IFCL)32 0310 38
SH=CSCNoM )= SCK, ¥-1))/0L
60 TG 31
SH=CSCASN)=S(Ns ¥F41))/DL
IF (V34,365 26
SV=CSCha M)~ SCN-1,¥))/01
GO TC 3%
SY=CSCAsM)-STN+1,¥))/DL
SCN»¥)=S(Ns FI-CTID®ABSCLIOSH )= (TL*ABSCVI=SV)
SUS=SUSHSINSH)

CONTINUE
IFCSLS)€C,3C,95
IFCITC~1AC) 8C»55, 80

CXXXIXXAXXXXXXIAXX XXX

S<
551

IFCKAL=-1355(C,551,551
ALFHA=0.78

CXXXAXNNXXXAXXY XXX XAAX

<56

64

OO0

CALL SIVLITACS,ALPHASNE,NMESLC»1)

ITC=C

Ul1=SUA/SLS

CC €C h=1,NE

CO 6C K=1sME

SCRNoMYI=S{Ns ¥D2l1

CONTINLE

EFFECTS CF INCREASING LAYEF THICKNESS»APFROGXINATE
FACTER -CTR REFERRES 7C FKILCMETERS FRCM SOURCE
CBS. N #ND M ARE LOCATICMN OF SOURCE

CYXAPAXANXXAANDI XX

C

THE FOLLGNWING SECTION MCT USET IN OIL PROBLENMS

CXXMAXXXXANXND) XXX

81

Se
53
G4

CTR=C.01°%
IFCKA-12E1, 21551
CO 131 =1, M

CC 131 »r=1, Mt
PFIN,MI=S(N-H)
CONTINLE
IF(KR~11€2, 62565
IFC(KU=21€3, €5,517
CO 64 N=1»NE

CO 64 K=1,M%
CIS=(M=1C)~ C.Cl DL
IF(DIS)t1,51,52
RRC=1. '

€O 7C 57
RRC=(1.-(CTR2CIS))
PFONsMI=FFCN»¥) 2RKC
CONTINUE

GO TC &1

CC 66 N=1,NE

CO 56 P=1,ME
CIS=(N=-2C)=C.01CL




SO0

S4
S¢€
57
56

67

58

59
a1

8z
58

5$

8%
87
3¢

RS

12¢

122
18C

Ll

IFCDIS)IT&,5L4,CH

RRC=1.

GO TC 57

ARC=(1 .~(CTR+DI )

PFC(NsM)=FF( MsM)2RRC

CONTINLE

GO TC &1

C0 €8 N=1.NE

CO 68 F=1sME
IF(N=1CISE»TESS

RRC=1.

GO TC &2

IF(N~-1Cl58s 58,32
CIS=SORTC(IM=1C)2a2, +(N=1C) 222 ,)a,01«]L

RRC=(1 .~ (CTR=DI$I) '
PFCNsM)=FFUN,¥)=FRRC

CONTINLE

GC 7C 81

CC 84& A=1sNE

D0 84 M=1,ME

IFC(¥-1C)E€r 86487

RRC=1.

GO TC 8¢

DIS=(M=-1C)xC.012CL

RRC=(1 - (0. 5«CTF&DIS))

PF(NsMI=FFC A» M) 2sRRC
IF(N~23)ES» 89,91

RRC=1.

GO T0 9¢

DIS=(N-2CI)xC.01sDL

RRC=(1 «= (0. S«CTF«L1IS))

PF(N,MI=FF( Ns¥)aRRC

COCNTINLE

ITC=0.
IFCITOP-1IPR 1S90 ,855,590
XAXNAXAIIXX XAXX

TI=TIsT1(
IFCTSTC-T11)10C, 1G 510

T=T+71D

IFCTF=-T71100,1Cs 123
XXXXXXINXX AXAX
IF(KA~11122,1225121

LU=4

CALL PRINMFSU(PF, ToUL o VI>CLo Ko KA, KALLELOSLUSNES NE?
DC 132 #=1» NE

Lo 132 »=1sPME
SCNsMI=FF(N,¥)

CONTINLE

GO TG 123

1LU=5

CALL PRIMFSU(S,»TUT»VI-L1lsKo KA NAL,BLC»LUSNE-NME)
ITgP=9

RETURN

END

SUBRCUTINE . SILITA (S»>ALFRASNE s MEHLD» 1)

CINMENSICN 5(32,34)50032534)
NEH=KE-1

MEH=ME-]

BET=Cl.~ALPHA) 4.

£0 123 #=2, NEH
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DO 123 ¥=2, MEH
IFCI-1)101,102, 102
101 IFCCON,PIN1 7451245103
102 IFCSCN-P)I1 2401245103
102 IFC1-N)>1C5, 1075105
135 VAUP=S(}=1,¥)
GO TC 1CE
107 VAUP=S(N,M)
1)¢ IFCNE~NI110,112,110
11C VALC=S(Pe¢ls ¥)
GO TC 113
112 VALC=S(15»M)
113 IFC1=-M)11%, 1165 115
115 VALE=S(R,M-1)
60 T1C 117
11€ VALE=S(},M)
117 IFC(VE-FI119,121,119
115 VARI=S(P,M+1)
GO TC 122
121 VARI=S(r,N)
122 SCNsM)=FLPHARSCA» M) #BET2(VALPAVALO#VALE+VART)
GO TC 1213
124 SCAsM)=C.
123 CONTINUE
RETURN
ENC
SUERCUTINE PRIMFS{SsTollsVIsTloKsKA»KALSELCHL s NE-ME]
DIMENSITN 53€32524)015C22534)
IFCLU=11202 5,401,420
IFCLU=1)270,4C1 o420
202 PRINT 2C1,K»ToUToVILDL, KA, KAL
201 FCRMATCIH1,SX,18HOIL CCNCENTRATICNS »2Xe2FKK=0IS» IXs2HT1=sF €053, 2KY
21=pF€abioXo IHVI =oFE dp 3 »3ECL=»F6.0s3Xo IEKA=» 133X &HNAL=5»12)
Z27C PRINT Z2715K,CL
271 FORMATC1K1s SX»18HOIL COCNCENTRATIONS »2X»2HK=2IS» X0 3IFLL=5F€.0)
c PRINT 2(C2
PRINT SC4 :
273 FORMATC/SXs 12HCONC. IN FFB/)
SCt FORMATCSX,1 9HFRINT FACTICFR = 0.1,4X»,7HPPB/10.7)
CXXXEXAXXXXXXIIAX XXXNX YX XY
GO TC z12
401 PRINT 4CzZ
402 FCRMATC1h1s SX»1EHCEPTHS IN FETEFRS»)
GO TC 3z¢
42C IFCQLU=334215425,430
421 PRINY 4372,K
42 FORMAT (151, SX»34HCECAYCFCILON THE BOTTOM, PEFIQL,IS)
€0 TC 212
425 PRINY 4Z6sK
426 FORMATC1E1»SXs4 1ENEW OIL ON BCTTOM EEFORE ACVECTION,PERICD» IS)
GO 1C z1:2
£3C IFCKAL=13202,431,431
&31 PRINT &3Z,K
432 FORMATCIF1,SX»34HACVECTEL GIL ON THE BOTTCM» FERICL.,1%)
PRINTY 272,U1,VI
Z7¢ FORMATCEI»3HUI=sF Sa223Xs3HVI=»FS.2)
GO TC 212 '
CXXXYXAANAXANNI XXX XXXX XX XX
IF(XKA=1)216,210,215
21 PRINT 211

(g
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211 FORMATC(S)»12RhLAPINARS,FLCH/)
GO TC 21¢
215 PRINTY 218 .
21f FORMAT(T)Y»2 €EHLAYER THICKNESS INCREASING/)
CHXXAFAXNAAAXXXRI XXX XXNAX XX XX ’
€C 21¢ IF(XAL=1)23C,22C(C»2290
21¢ IFC(KAL-11530,22C522¢C
22C [F(BLO0-1125C,25(C.,252
25C L0 225 M=1,AE
LO 225 ¥r=1s NE
ISCNsMI=S(N»M)*1C00.
225 CONTINVE
PRINT Z¢€GC
Z28C FORMAT(S)»1 EHFRINT FACTCK
GO TC 240
¢5¢ CO 253 #=15NE
00 253 =15 VE
ISCNeMI=S(Ns¥)x 100,
€57 CONTINUE
PRINY 2¢€1
261 FORVATC(S),1 EHPRINT FACTICR
GO 10 24C
32C [0 321 iN=1, ME
CO 321 ¥=1s ME
ISCN-MI=S{N»N)
321 CONTINLE
€0 TC 240
230 L0 205 =1, NE
00 2C5 #=1, NFE
ISIN,M)=S(N,¥MI)x 1000
"20% CONTINLUE
S3C CO 531 M=1s \NE
L0 S31 =1, NE
ISCNsMYI=S(N,MIx 100,
531 CONTINLE
24C IF(ME-&4()61Co€&Cs 64l
E4C PRINT Z2C€,(N,N=1,4])
Z0€ FCRMATC(s4Xs 4013
PRINT 2C7»( Ao (IS(No ¥)I)pb=1,4C)sN=1,5C)
297 FORMATC/1Xs 1251%,4C13)
c XAXAXXXXI XXX NXXX XXX
GG 10 3(C0
XANXAXLXIAXX XXXX IXXX
PRINT 2CE,{NsN=41,50)
298 FORMATC(I1H1, /74X ,1013)
PRINT ZCSs{N» (I SUN>¥IsP=415C0)eKk=15%0)
205 FORMATC 1% 125,13251013D
C AXAXAXX
GO TO 3¢
€1C PRINT €11,{NpN=1,34)
611 FORRATC( 14X 3413
PRINT E1Zo{Ns(IS(Ns¥)p¥F=1524),N=1532)
€1z FORMATC/1Xs1251)¥53413)
3¢ RETURN
END

17)

OelrsdXs 7THPFPB/1C.7)

(%]
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SUBROUTINE/PLOTR

$RESET FREE
SUBROUTINE PLOTR{(DX. DY. X, Y, S1)

DATA SIZW, SIZH/.12,. 1€5/

C

CXXXXX XX XXX XXX XXXXXXX XXX XX XX XXX XXX XX XXX XX XXX XX XX
SUBROUTINE TO DRAW LINE PLOTS

\®

C

c

C DY IS UNITS PER X INCREMENT

C DY IS UNITS PER Y INCREMENT

C Y IS ARRAY OF VALUES FOR Y INCREMENTS

C X IS ARRAY OF VALUES OF X INCREMENTS

C S2 IS ARRAY OF DATA TO BE PLOTTED

C SIZW,SIZH ARE SIZES (IN INCHES) OF CHARACTER WIDTH OR HEIGHT
c
c
c
c
c
c
c
C

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
THIS PLOT USES PLOTCOMP PLOTTING PACKAGE ROUTINES

CAN BE ADAPTED TOQCALCOMP
ALL UNITS ARE INCHES

oy

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
CALL PLOT(6. :0.,2)
CALL PLOT(O.,0..,3}
CALL PLOT(O. . 4.,2)
CALL PLOT(O. ,0.,3)
DO 10 I=1, 50
CALL PLOT(X(I): . 1,3)
CALL PLOT(X(I),=-.1,2)
IF(MOD( 1,10). NE..O)GO TO 10
Fil=I
XX=X(I)-SIZH
CALL NUMBER(XX,-. 25,SIZH,FI1.,0..,-1)
10 CONTINUE
DO 20 I=1, 14
CALL PLOT(-. 1,¥(I),3)
CALL PLOT(. L:v¥(I), 2)
IF(MOD(I,3).NE. 0)GD TO 20
FI=I#100.
FACT=3.
IF(FI.GE. 1000. YFACT=4.
XX=. 2+(FACT#SIZW)
YY=Y(I)~-.06&
CALL NUMBER(-XX.yY,SIZH,FI,0. ,-1)
20 CONTINUE
DO 30 I=1.,50 '
30 S2(¢(I)y=(S51(1,1)/100. )#DY
“CALL NEWPEN(2)
CALL PLOT(O. ,0.,3)
DO 40 I=1. S0
40 CALL PLOT(X(I).g2(I). 2)
DO 50 I=1, 50
50 S2(I3=(81(2,1)/100. )y»DY
CALL NEWPEN(1)
CALL PLOT(O. 50.,3?

DO 60 I=1,50
CALL PLOT(X(I),52(I),2)




P |

-48-

CALL SPCSYM(X({(I}),82(1:,8SIZH,88,0. ,-1)
CALL PLOT(X(I),82(I), 3)
60 CONTINUE
DO 7QKNT=1,2 q
KK=KNT+2
DO 71 I=1, SO
71 S2(I)=(S1(KK, I)/100. Y+DY
IDSH=KNT+1
CALL DASHPT(0Q.,0.,~-1)
DO 72 I=1.,30 4
72 CALL DASHPT(X(I),S2(I1,I1DSH)
7 0 CONTINUE
RETURN

END
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Figure 1. --Example of plot drawn using SUB ROUT INE/PLOTR. In this example,

DX = (length of x-axis) /50 andDY:(Iengthon‘ax;S)/30-

v




-50-

REFERENCES
Fukuhara, F.M. .
1985. Biology and fishery of southeastern Bering Sea red king crab

(Paralithodes camtschatica, Tilesius). Natl. Mar. Fish. Serv.,

Northwest and Alaska Fisheries Center, Seattle, WA., Processed Rep.
85-11, 170 pp.
Gallagher Arthur F., Jr.

1984, Documentation of the biological impact of an oil spill model, BIQS.
Part 2: Fish feeding and contamination through consumption - Subroutine
FEDOlI L. Natl. Mar. Fish Serv., Northwest and Alaska Fisheries Center,
Seattle, WA., Program Documentation No. 22, 21 pp.

Gallagher, A.F., Jr. and N.B. Pola.

1984, The uptake and deputation of petroleum hydrocarbons in marine species:
A simulation study of the uptake and deputation of petroleum hydrocarbons
and its effect on selected marine species in the Bristol Bay ecosystem.
Natl. Mar. Fish. Serv., Northwest and Alaska Fisheries Center, Seattle,
WA, IProcessed Rep. 84-16, 68 pp.

Laevastu, T., F. Favorite, and H.A. Larkins.

1982. Resource assessment and evaluation of the dynamics of the fisheries
resources in the northeastern Pacific with numerical ecosystem models.
In:  M.C. Mercer (Ed.), Multispecies Approaches to Fisheries Management
Advice. Can. Spec. Publ. Fish. Aquat. Sci,, 59:70-81.

Laevastu, T., and F. Fukuhara.

1985. 01l on the bottom of the sea. A simulation study of oil sedimentation
and its effects on the Bristol Bay ecosystem. Natl. Mar. Fish. Serv.,
Northwest and Alaska Fisheries Center, Seattle, WA, Processed Rep. 85-01,

53 pp.



-5]-

Laevastu, T. and H.A. Larkins.

1981. Marine Fisheries Ecosystem, Its Quantitative Evaluation and Management.

Fishing News Books Ltd., Farnham, Surrey, U.K., 162 pp.-
Moriarity, F.

1975, Organochlorine Insecticides: Persistent Oganic Pollutants. Academc
Press, London, 302 pp.

Pola, N.B., R.K. Miyahara, and A.F. Gallagher, Jr.

1985. Spatial and tenporal extent of hydrocarbon contamination in marine
species of Bristol Bay. Natl. Mar. Fish. Serv., Northwest and Alaska
Fisheries Center, Seattle, WA, Processed Rep. 85-08, 40 pp.

Swan, Nancy Pola.

1984, Biological Impact of an 0il Spill(BI0S) model documentation.

Part 1: Fish migrations and exposure to contamination. Nat. Mar. Fish.
Serv. , Northwest and Alaska Fisheries Center, Seattle, WA., Program
Documentation No. 21, 17 pp.

Tea 1, John M.

1977. Food chain transfer of hydrocarbons. In: Fate and Effects of
Petroleum Hydrocarbons in Marine Ecosystem and Organisnms (D.A. Wolfe,
Ed.), pp 71-77.

Wilson, K.W.
1975. The laboratory estimation of the biological effects of organic

pollutants. Proc. R. Sot. Lend. B., 189:459-477.



