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1. Introduction

The BIOS (Biological Impact of an Oil Spill) model, a multispecies ecosystem
simulation, was developed at the request of the Outer Continental Shelf Environ--
mental Assessment Program (OCSEAP) , as part of their eastern Bering Sea oil
impact study. This document is intended as a technical reference for the
migration subroutines of B10S ; descriptions of the overall model structure
are included for clarification when needed.

BIOS simulates uptake of oil contaminants from exposure to contaminated
water and sediments as well as from the consumption of contaminated food.
Sixteen species groups are included in the model (Table 1). Salmon appears
seasonally in the Bering Sea; the impact of an oil spill on salmon has been
modelled by Dr. Nicholas Bax of Compass Systems, inc. (pers¢comm.)- B10S
includes deputation of contaminants and effects of fish migrations on the
ecosystem.

The model has been applied to three locations in the Bering Sea (Figure 1):
offshore of Port Moller, Port Heiden, and Cape Newenham. Computed oil
concentrations at each model grid point for 15 days following a hypothetical
oil spill were provided by Rand Corporation. Two scenarios were simulated at
each location: a '"blowout' occurringduring a period of high winds and strong
tidal mixing, and a tanker deisel spill occurring during a time of weak winds and
tidal mixing.

We have attempted to determine the maximum impact of an oil spill on the
ecosystem. Wind and tide. conditions which would maximize the amount of oil
entering the water column were determined by Science Applications, lnc.
Avoidance of oil by mobile fish species is not included, allowing maximum

exposure to oil. Finally, the migrations of selected fish species across
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Figure 1 --- Locations of hypothetical oil spills in the eastern Bering Sea.



Table 1.--BIOS model species groups

Species number Species name

| Herring juveniles

2 Herring adults

3 Pol lock juveniles

4 Pol Tock adults

5 Pacific cod juveniles

6 Halibut juveniles

7 Yellowfin sole juveniles

8 Other flatfish juveniles

9 Yellowfin sole adults
10 Other flatfish adults

11 Pacific cod adults

12 King and Bairdi crab juveniles
13 King and Bairdi crab adults
14 Mobile epifauna

15 Sessile epifauna

16 Infauna




the model grid maximizes the spatial extent of contaminated food. Contaminated
fish may also migrate beyond the model grid (i.e., beyond the location of the
oil spill) , and their effect on the entire eastern Bering Sea ecosystem may

be examined by tracing their possible migration routes until deputation is

complete.

2. Sequence of Model Calculations

The BIOS model 1is comprised of three sections, as shownin Figure2.The
main program controls the model flow, the feeding subroutine computes uptake
of contaminants through consumption, and the migration subroutines simulate
fish migrations and uptake of contaminants by exposure to oil in the water or
sediments.

At the start of each daily model time step, the main program reads in the
concentrations of oil (in parts per billion). Two values are read at each
gridpoint: the 'watersoluable fraction”, including oil dissolved or in
suspension in the water column, and the “tars” (weathered oi 1) , which concentrate
at the sediment-water interface and within the sediments. The tars are computed
in a separate model (Laevastu & Fukahara, 1984) .

After reading the oil concentrations, the main program calls the feeding
subroutine, FEDOIL, which is described in detail in Gallagher, 1984. The
feeding subroutine calculates the uptake of contaminated food, updates the
fish contamination values, and returns to the main program, which then calls
the first migration subroutine, MIGR.

Subroutine MIGR loops through the species list and assigns various parameters.
Species-specific choices include: whether or not the species migrates (a

function of season), the migrating fraction of the biomass, the migration velocity
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Figure 2. --Sequence of BIOS model calculations.



and direction, and uptake and deputation rates. |Ifthe species 1is migrating,
MIGR calls RANNAK, which performs the actual migration calculations. On
return to MiGR, uptake and/or deputation are calculated, species contamination
arrays are updated and selected results are printed. After all species have
been considered, MIGR returns to the main program, which prints selected
outputs, increments the time step and continues through the next day’s

calculations.

3. Technical Specifications of Migration Subroutines

The model calculations for the two migration subroutines, MIGR and RANNAK,
are diagramed in Figure 3. MIGR is only called once each model time step
(LL) ; RANNAK is called once for each migrating species (J)during each time
step. if a species does not migrate (IFMIG = 0), MIGR calculates the uptake
and/or deputation of oil over one day (as described below) and continues on
to the next species

If aspecies does migrate, MIGR assigns the species-specific migrating
fraction and migration speed and direction. The model is presently designed
to simulate either alongshore or cross-shore migration (MIGDIR=1 for
cross-shore migration and = 0 for alongshore migration). In addition, migration
can either be toward shallow (KE = 1) or deep (KE = 2) water. The migration
ve loecity is assumed constant over the model grid for any one species. Mean
ve locities (in km/day) are calculated from biomass distributions estimated from
fisheries survey data. The model can be easily modified to include spatial
variations of mgration velocities.

The areal extent of each model led region is on the order of the station

spacing in survey cruises. However, the finer model grid spacing (2 km) is
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Figure 3.--Sequence of calculations inB10S migration subroutines.
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necessary to resolve maximum oil concentrations. The biomass for each species
is therefore assumed to be constant over the grid. Initial biomass estimates
were computed using the DYNUMES eastern Bering Sea ecosystem simulation model
(Laevastu and Larkins, 1981). The simulated migrations do not redistribute
the biomass over the grid. Instead, since the total duration of a model run
is only ten days, it is assumed that biomass is conserved at each grid point,
but that the fish contamination is redistributed over the grid. The
contamination of each species at each grid point is stored in array 01 LCON
in parts per billion (ug oil per kilogram biomass). As MIGR cycles through
each species, the contamination for that species isput into array S1. If
a species migrates, the amount of contamination in the migrating fraction of
the biomass (RP) is stored in array S3, which is then sent as an argument to
RANNAK, along with J, MIGDIR and KE.

RANNAK determines the velocity components from the values of MIGDIR and
KE sent from MIGR and sets up arrays of the u-component {UPR) and v-component
(VPR) of velocity at each grid point. The u- and v-components of velocity for
each of the four possible migration patterns (Ul, V1 for cross-shore migration
to shallow water; U2, V2 for cross-shore migration to deep water; U3, V3 for
alongshore migration to shallow water; and U4, V4 for alongshore migration to
deep water) are stored in common block BLKV. If a constant velocity is used
over the entire model grid, the appropriate u-component is assigned to each
element of array UPR, and the appropriate v-component is assigned to each
element of VPR. Specific velocities may, on the other hand, be assigned at
any grid point if spatial variation is desired.

The migration calculations in RANNAK are performed 8 times, with a
migration time step of 3 hours (TD = 0.125 days) for stability. The stability

criterion 1is:

Umtd < L (1
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where Um is the maximum migration speed (in km/day) , is the migration time

“d
step in days (TD in FORTRAN code) , and L is the grid spacing in km (AL = 2.0
in the model).

During each of the eight migration periods, the following calculations are
performed at all grid points. First, the nearest grid point in the direction
of migration is determined. That is, the contamination is moved from point

(N, M) to point (N+IN,M+IM), where IN and IM each has a value of either -1

0, or 1. The amount of contamination leaving a grid point in the x direction

(G) 1is:

G, = (Cn,mtd]Uln,m)/L ®
and in the y direction (G) is:

6, = ,(g;mtd]v{n,m)/L 3)

Cn,m is the contamination of a species at grid point (n,m) before a migration
(array S3 in the FORTRAN code) , U and V are the velocity components at the
grid point (arrays UPR and VPR in the FORTRAN code), and t,and L are as
described for equation (1).

At the start of each migration time step, the values in array S3 are put
into array OLD and the elements in S3 are set to zero. The amount of contamination
leaving a grid point is taken out of array OLD and put into array ANEW. The
FORTRAN code for this operation is:

OLD(N,M) = OLD{N,M) - GX - GY

ANEW (N ,M+IM) ANEW (N, ,M+IM) + GX

ANEW (N+IN,M) ANEw (N+IN,M) + ov

where GX and GY correspond to G, and GY in equations (2) and (3) , respectively.
After the calculations have been completed at all model grid points, the
resulting contamination field (the sum of arrays OLD and ANEW) is put into

array S3. When the calculations have been performed 8 times (24 hours) the

array S3, containing the redistributed contamination, is returned to Subroutine

MIGR.
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The uptake of containinants from the water or sediments is simulated by

a logistic formula (Wilson, 1975):

— -rt
Ct =Cc_ (1~e ) (%)
where Ct is the contamination of a species at a grid point, r is a species-specific,
temperature-dependent uptake rate (on the order of 0.025) and Cw is the lethal

contamination of the fish. Rates are estimated from available empirical data.

Deputation is simulated by an exponential decay of contamination:

Ct = Ct—l e-R (5)
where R is the species-specific expiration rate.

Contamination of the fish is stored as parts per billion {(ug oil per kg
biomass), and is tabulated as a contamination index (contamination in ppm
multiplied by time of exposure).

In order to conserve biomass in the model, two boundary conditions were
enforced. First, TfTish were allowed to leave the grid at the boundaries in
the direction of migration. The amount of a species’ biomass leaving the
grid and the contamination of that biomass are calculated and stored for
future use. Second, Tfish may leave the boundaries in the “downstream” region
and an equal amount of non-contaminated fish biomass is input to those

boundaries.
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Appendix A: Subroutine Specifications

SUBROUTINE MIGR
Calling sequence: CALL MIGR

Common blocks used:

COMMON/BLKI/NE, ME, K, LL, ISL

COMMON/OIL/WSF, TARS

COMMON/BLKO1L/0I LCON

COMMON/BLKV/RATMG, U1, U2, U3, u4, VI, v2, v3, Vi

Variables (in alphabetical order)

Al: Angle (indegrees) of direction of cross-shore migration toward deep
water (= ANG1 + 180).

A2: Angle (in degrees) of direction of alongshore migration toward deep
water (= a2 + 180).

ANG1: Angle (indegrees) of direction of cross-shore migration toward
shallow water.

ANG2: Angle (in degrees) of alongshore migration toward shallow water

CLEFT: Total biomass of a species leaving the model grid during one t me step.

| FMIG: Species-specific parameter equal to 1 if the species is migrat ng
or O if not.

J: Species number (see Table 1).

KE: Indicator of migration season, equal to 1 for migration to shallow
water or O for migration to deep water.

MIGDIR: Indictor of type of migration. MIGDIR = 1 for cross-shore migration
and MIGDIR = 2 for alongshore migration.

OLDSUM: Total biomass of a species before migration, summed over the model

grid.



-13-

RATEXP: Expiration rate over 24 hours.

RATMG: Expiration rate over 3 hours.

RP: Migrating fraction of a species” biomass.

SUMNEW: Total biomass of a species after migration, summed over the
model grid.

VELT : Magnitude of cross-shore migration velocity (in km/day).

VEL2: Magnitude of alongshore migration velocity (in km/day).

1/

Arrays (in alphabetical order)

S1: Contamination of a species at each grid point before migration.

S2: Contamination of the non-migrating fraction of a species” biomass at
each grid point.

S3: Contamination of the migrating fraction of a species’ biomass at each

grid point.

1/ Arrays are dimensioned (NE,ME) unless otherwise specified.
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SUBROUTINE RANNAK
Calling sequence: CALL RANNAK (J, MIGDIR, KE, S3)
Arguments :
J: Species number (see Table 1).
MIGDIR: Indicator of type of migration, equal to 1 for cross-shore or 2 for
alongshore migration.
KE: indicator of migration season, equal to 1 for migration toward shallow
water or 2 for migration toward deep water.
S3: Array containing contamination of the migration fraction of species J
at each grid point.

Common blocks used:

COMMON/BLKI/NE, ME, K, LL, ISL
COMMON/OIL/WSF, TARS
COMMON/BLKV/RATMG, U1, U2, U3, UL, viI, v2, V3, v4

Variables (in alphabetical order):

AL: Model grid spacing, in kilometers.

GONE : Biomass leaving a grid point.

GX: Biomass leaving a grid point in the x-direction.

GY: Biomass leaving a grid point in the y-direction.

IM: Indicator of migration between columns inthe model grid. Biomass moves
from point (N,M) to point (N,M+IM). IF IM=1, biomass moves one column
to the right; if IM=-1, biomass moves onecolumn to the left. If IM=0
there is no x-component of migration from point (N,M).

IN: indicator of migration between rows in the model grid. Biomass roves
from point {N,M) to point (N+IN,M). If IN=1, biomass moves one row
down; if IN=-1, biomass moves onerow up. If IN=0, there is no

y-component of migration from point {(N,M).
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KRC: Number of migration time steps per day.
RATMG: Deputation over one migrationtime step.
TD: Length of migration time step (in days).
U: U-component of migration velocity.

V: V-component of migration velocity.

Arrays (in alphabetical order)

ANEW: Contamination of migrating fraction of the biomass at each grid
point during migration.

OLD: Contamination of migrating fraction of the biomass at each grid
point before migration.

S3: Biomass containi nation at each grid point before migration, updated
after each migration time step, when S3{(N,M)=ANEW(N,M)+OLD{N,M).

UPR: U-component of migration velocity at each grid point.

VPR: V-component of migration velocity at each grid point.
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Appendix B: Common Blocks

COMMON BLKI:
Statement: COMMON/B LK1/NE, ME, K, LL, ISL
NE: Number of rows in the model grid.
ME: Number of columns in the model grid.
K: Month of model run.
LL: Model time step (days)-
ISL: Land-sea array (dimensioned NE x ME), where O designates a grid point
over land and 1 designates a grid point over water.
COMMON OIL:
Statement: COMMON/QIL/WSF, TARS
WSF: Array dimensioned NE x ME containing the subsurface oil concentration
(in ppm) at each model grid point.
TARS: Array dimensioned NE x ME containing the concentration of oil on the

bottom (in ppm) at each model grid point.

COMMON BLKOIL:

Statement: COMMON/BLKOIL/OILCON

OILCON: Array dimensioned J x NE x ME containing the contamination of each
species (in pp b : pgoil per kg biomass) at each mode? grid point.
COMMON BLKV
Statement: COMMON/BLKV/RATMG, U1, U2, U3, U4, VI, V2, V3, V4
RATMG: Species-specific deputation over a 3-hour migration time step.
Ul: U-component of migration velocity for cross-shore migration toward

shallow water.

U2: U-component of migration velocity for cross-shore migration toward

deep water.
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U-component of migration velocity for a longshore migration toward
shallow water.

U-component of migration velocity for alongshore migration toward
deep water.

V-component of migration velocity for cross-shore migration toward
shallow water.

V-component of migration velocity for cross-shore migration toward
deep water.

V-component of migration velocity for alongshore migration toward
shallow water.

V-component of migration velocity fFor alongshore migration toward

deep water.
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Appendix C - Subroutine Listings

SUBROUTINE MIGR

DIKENSICN IsSL(32,34),P1(32,34),0I0LCEONC155,32,34),
281032, 31425,582032,34),53032534)

CCMMONJ/TIL/WSFL 22,340, T2RS022534)

COMMON/BLKCIL/0ILCON

DATA RES»RPsCINFsANGl, ANGZ2>VELLSVEL2/e02%2095921045200245< #5010/

CONFON/ELK1/NE ME» Ko LL» ISL
CCEMON/BLXY/RATMG,U1,U2,U35U4»V15V2,¥3,V4

FFINT QIL CCNCENTIRATIONS
»ATEF SCLLELE FRACTICN

ICNE=1
ITHo=2
PRINT 80%5,LL.I0KE
805 FORNAT{(=1TIME STEP=~1I3" WSF (PFHJI)» PAGE™I2™ OF 2"/)
PRINT 803,(I,1=2,17)
PRINT £04,((RSFIN>MY>M=2,17JsN=1-NE)]
PRINT BOCS.LL,ITuG
PRINT £03,(I,1=13-33)
PRINT 804, (CHSF{N,NI»M=18,33)»N=1»NED

WEATHERED CIL ON TEHE 30TTOM

PRINT 806,LL,ICONE
806 FORMAT(™1TIME STEP="1I3" TARS (FPM), PAGE"I2" gF 2=/)
PRINT E03-,(1,1=2,17) :
PFINT €Q4,(CTARSIN2MI»N=2,5,17)»N=1,NED
PRINT €0€,LL,ITHO
PEINT £€C2,({151=18,33)
PSINT €E04,CC(TARSINSMI» M=185233),N=15NED

COMPUTE PCSSIELE MIGRATICN DIRECTICNS
CROs5~SHCRE ALCNGSHORE

TCNARD SHALLCh u1,V1 LI,v2

TCWARD DEEF uz,v2 UbksV i

RAC=040174533
Al=ANG 14180,
A2=ANGZ2+180.
Al=A1+RAL
A2=A2«RAL
ANG1=AXNG1+5ALC
ANGZ2=AXEZ2=RAD
Ul=CCS{ANG1) »VEL]
L2=CG0S(al122aVELL
U3=CCS{ANG2I+VCL2
U4=CCS{aZ22xVYELZ
Vi=SIN(ANGID=~VELL
V2=SINCALIaVELL
VI=SINCANGZI2VEL2
V4=SINCAZ)«VEL2
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C FCR TZST RUN, USE EXPIRATICNFATEC(RE)=(.02S

(]

RATEXP=EXP(-REr 24)
RATNG=EXF(-RE*J.)

LUOP yHRO | CK EACF SPECIES
S1=CONTAMINATION ARRAY

OOOO

DL 999 J=1»,16
DO 801 N=1,NE
DO 801 M=1,ME
801 S1C(N,MI=CILCCNCJ»N>M)
PFINT 20Z,J»LL» IONE
B02 FORMAT("1INITIALCONTANINATION, SPECIES-13-S TIMESTEP™
8I3,10X=FAGE~I2" OQF 2=/)
PRINT 803,(1,1I=2517)
803 FORMAT(1EI8/)
PRINT €04,CCS1C NoMI»N=2,17)5N=1,NE)
804 FCRMAT(16F23.2)
FRINT £02,J»LL>TTHO
PRINT 8C3,(1,1=13533)
PRINT €04,({(S1(N,MI,H=18,33)5N=1,NED
i IF(J.G1.13)G0 TC 79
IFCIeG 1ok «ANCe JoLTa 3360 TO 70
IFCJeGTe10 o AND e JoLTL133G0 TG 7 O
IF(K.ECe1 ¢ OR. Ke€T2102G8 TO 70

MIGDIR=1
Cc
1 £ CHECK FCR MIGRATION MONTH
C KE=-=-=~INDICATCR COF SEASON.
c KE=1 CSFRING) KE=2 CAUTUMN)
Cc
8C) GC T0C152-,354+70,70+,7058595 8,705,705 £5,70,70,702J
Cc
C EERRING JUVENILES (SPECIES 1)
1 IFCKoLTe3 oOFe KeGTe9I)GC TC 79
KE=2 /
GG TQ s¢

HERRING ACULTSCS?ECIES2)

(@]

2 KE=1
IF(X.EC.2 .OFR. K.EQ.3)GC TG 52
KE=2
IFCK.ECe? +GRe K ER.33GC TO SE&
GC 740 79

FOLLCCX JUYENILES (SPECIES 3)

o

3 KE=1
IF(KQEC.IO eORe KeEQeD3)EL To 58
KE=2
GO TC 70

¢ FCLLOCK ACULTS (S?ECIES 41

’ 4 KE=1 |
IFCK.GT.Z <AN[. K.LT.5)EC TC S8
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KE=2
IFCK<L Ta7 <0f. K-GT.9)GC TG 79
GO TG S¢
CTHER FLATFISH JUVENILES,ACULTS CSP.8 10) AND CRAB ADULTSCSF.13)
& KE=1 ’
IFCK.GT+Z «AND. X.LT.63G3 TC 58
KE=2
IFCK.L 1«8 +0R. KoGT.10JGO TC 70
GO TC 5@
YELLGWFIN SCLE ADULTS (SPECIES 9)
9 Ki=1
IF{KeGTe2 oANLe KoLTe73GC 70 58
KE=2

IF{KLTeE 08+ KeGT12)GC TC 70

SEPARATE XTGFATING AND NOXN-K¥IGRATING B IOMASS
FP MIGRATIKG FRACTION

FGR TEST RUXN», SET RP=D.95, ALL HMIGRATING SPECIES

58 CLDSUM=0.5SUMNE ¥=0.
L3 65 NK=1,NE
CC &5 ¥=1,HE
S1{NsM1=0.
SZ(N'M)=00
SIL{N-My=0.
GO 70 €3
€4 S2(N,MI=S1{N»NIxRP
SIIN->MI=S1IN, M) =S2C(N-¥)
CLDSUM=CLOSUM#SI(N,N)
€5 CIONTINGE

CALCULATE NIGRATIONS
CALL RANNAK {J»MIGDIR»KE»S2)

S2 = SFECIES (PCRTICN WHICH MIGFAIED)
ISL-SEA-LAND TABLE

ACCING NCNMIGRATING PORTICN
OC 63 N=1,AE
BC 63 M=1,ME
SIINsMI=S3INH> NI *RATEXP
IFCISLON»¥I.EQ.02G0 TQ €3
S1CN-M)=SI(N->MI4352CN,H)
SUHNEW=SLMNE W45 1{N- M)

€3 CCNTINLE
IFMIG=1

CUTPUT CF MIGRATION RESULTS

CLEFT=CLLSLM-SUNNEY
PRINT 1007,0LDSUM>SUMNEX,CLEFT
1007 FCRMAT{™ FPM BEFCRE MIGRATION="F15,6,4X PPy AFTER *
2 MIGRATICN="F15.0»4X™ FFN LEAVING GRIp="F15.¢67)
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GCTC 777
Cos 20 2% xx
c WwCRKWITH 0 NTH*S INITIAL EICMasSS |F NCHIGRATICN .
c
70 DC 66 N=1,NE
DC 65 ¥=1, NE
S1C(N,MI=s1(N,¥)*RATEXP
€6 CC NTINUE
IFNIG=0
c s .
C LFTAKE CONTAMINATICN. FOR TEST» U S E LUPTAKE RATE=0.025
C
777 D0 778 N=1,NE
cc 778 ¥=1,ME
S1CK,M2=S1{N,FIICINF2(1.~RATEXP)
776 CILCCNACJ,N»MI=51CN>M)

IFCITMIG.NEL1IGCTO 779
PFINT 1009,J-LL
1005 FORMATL™ 1CCNTAMINATION (PPM) FOR MIGRATING SPECIES #%12,2X»
L= TINE STEF 2"I2,10X"PAGE 1 OF 2"/)
GC 70 780
779 PRINT 10CS,JsLL
1005 FORMATC"1CCNTAMINATION (FP¥) FOR SPECIES #71252X»TINE STEP 2%
812,10X"FAGE 1 OF 2*/)
760 FRINT £03,(1,1=2,17)
PRINT 04, 0(S 1IN, M) »>N=2517) ,N=1,NE)
1006 Fall??ATC-l1 PAGE 2 OF 2%/)
PRINT 100E
PRINT 8€2,(1,1=15,33)
PRINT €04»CCS1C K, M) »,N=18533)5N=15NE)
999 CCNTINLE
$959 KT TURN
END
SUBFCUTINE RANMAK{I»MD>» KE»S8)
DINENSICN UPR{32,34),VPF (32,343,58C 22, 34),15L032,34)
Z,CCKTAY (22,343, CNEX (325243, ANENC 225, T14),0LDC 22,34)
CCNMCN/CIL/WSFC 32,34),TARSC32534)
CONMON/ELK1/NE» ME»K»LL,ISL
CCMFMINJELKY/RATMGoUL>UZ, 3,L45V15V25VY35Vy

c I S 1 SEA-LAND TA3LE

c S8 - (SFECIES)

c KRC - NUXEERCF Z-DAY MNIGRATIONS
AL=2.0

C

€ SET UVgLCCITY FIZLD

Cc

c U»V YELCGCITY COMPONENTS

c

c KE IS INDICATOR OF SEASON

c XE=1IF MIGRATICN IS TO SHALLOWERWATEFS; KE=2 FCR MIGRATICNIO DEEP

C [

IF(MD.EC.23G0 TC 1D

IF(KE. EC.2)GC TC 5
L=41

y=y1

GCTC 20
5 L=L2

¥=v2

GQ T3 20
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10 IF(KE. £¢.2)G08 10 15

U= U3

vV=V3

6C 1O 3z¢C
1S UuU=uU4

V=y4h ;
20 yD=.12°%

NEH= NE- |

HEH=ME~1

P IGRATE 8 TIVES FER DAY (T £=.125 DAYS)

<8 IS NIGRATIN G CONT AH IN ATION

OO0 o0 o0b

D0 254 XFC=1,28
C
C CALCULATE ¥MIGREATION AT EACH GRID POINT
C
DG 133 N=1sNE
D0 133 ¥=1,MZ
OLDCN,r N)=SBCN»H)
SALN,MI=0,
IFCISLCNL¥).ECQ. QDGO TO 133
c .
C DETERMINE &8I0 POINT TO GC T3
C
IF{KRC.GTL1J)GE 10 1136
IFC(LL.6T.13G0 TC 1136
UPRCNX, K)=U
VEFR(Ns, H)=V
CONTINLE
IFCUJ230,231,232
IN=-1
G TO 212
IN=0
GG TC 213
IN=1
IFCVI234,235,23¢
IN=1
GOTC 277
IN=9
IFCINeEC.CIGT TC 133
‘ 68 10 237
21¢ IN=-1

b
PN Ny N [
AL [V w -
&t N e o o

[a\]
tn
n

EX,GY AFE A¥TS LEAVING INX,YCIRZCTION
CLD IS CRIGINAL CONTAMINATICN LEFT AT GRIDPOINT N.M
ANEw IS FIELC CF MIGRATED CONTAMINATION

O OO OO0

237 GCNE=CCLL(N,HI*TD)/ AL
GXx=GONE+*AESTUD
GY=GCNE+ABS(Y)
IFCV.EC.HE . AND. IN.6T,02G0T0 99 1
IF(M.ECQel (ANDo INeLT.O0JECTO 9091
IFCISL (N, ¥+IMI.EQR.0IG0TC 901
ANER C(Ns F4#IMI=ANEW(N, HN+IMI+GX

$61 IF{N.EC.1 +ANCs IN.LT.03GC T3 9 9 2
IF(N.EC.NE ® ANDO IN.GT.03Gg TC 992
IFCTSL (N4IN,MI.EQ.CIG0T0 992
ANEWIN4IN,¥)= ANEN (N+IN->MI+GY




992

133
591

CLOCN, PI=CLDC(R, MI=GY
OLDCN» 2)=CLDCNs, MI)=GX
CONTINLE

EC 751 N=1,NE

BC 751 F=1,ME
IFCISL(X,M).E0.03G0 TO 751
SBCN,MI=CLDIN,M I+ ANEH(N, KD
SECN,MI=58(N,¥) 2RATHNG
GLDCN, ¥)=0.

ANER(N>¥]=D.

CONTINLE

CONTINLE

RETURN

END
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