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1. Introduction

The Biological Impact of an Oil Spill model, BIOS, is a multispecies
ecosystem simulation that quantitatively analyzes the expected impact of
hypothetical oil spill scenarios on fishery resources in the eastern Bering Sea,
It was developed at the request of the Outer Continental Shelf Environmental
Assessment Program (OCSEAP), and is a part of their eastern Bering Sea oil
impact study. This program documentation is intended to serve as a technical
reference for the BIOS computations of the subroutine FEDOIL, which simulates
the uptake of oil contaminants through feeding and the consumption of oil
contaminated food .

A full description of the OCSEAP study and its relation to the B10S
model can be found in Laevastu and Fukuhara (1984). Details of the BIQS
computations for simulating fish migrations, uptake of ¢il contaminants from
exposure to oil contaminated water and sediments, and deputation of oil con-
taminants is given in Swan .(1984). The theory and underlying assumptions of
the subroutine FEDOIL, with examples of results, is given in Gallagher (1984).

As general background, BIOS is a gridded model that simulates uptake of
oil contaminants in selected marine species resulting from exposure to oil
contaminated water and sediments and the consumption of oil contaminated food.
The model includes sixteen marine species or species groups (Appendix Table 1),
simulates the expected impacts of two hypothetical oil spill scenarios (see
Laevastu and Fukuhara, 1984, for details), and has been applied to three
locations (Port Moller, Port Heiden, and Cape Newenham) in the Bristol Bay

region of the eastern Bering Sea (Figure 1).
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Input data on oil spill concentrations at each model grid point Ffor each
scenario and location were provided by Rand Coporation in conjunction with
Science Applications, Inc. (SAl); details are provided elsewhere (see Laevastu
and Fukuhara, 1984, for references). I nput biomass data for each species or
species group for the three oil spill locations are given in Appendix Table 1.
A list of the parameters and values used in the FEDOIL computations is provided

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

2. Sequence of BI0S Model Computations

The BIOS model is comprised of four sections as shown in Figure 2 (this
is an update of the model asdescribed in Swan, 1984) . The main program controls
the model flow; “the subroutine O0!LBOT computes the ''oil on the bottom’*; the
subroutine FEDOIL computes uptake of oil contaminants due to consunption of oil
contaminated food; and the subroutines MiGR and RANNAK simulate fish migrations,
uptake of oil contaminants due to exposure to oil containi nated water and
sediments, and deputation.

At the start of each daily model time step, the main program reads in the
appropriate oil concentrations (in parts per billion {ppb)) for the selected
scenario and location. These oil concentration data are read in for each grid
point ({N,M), location specific and defined in the computer code) , and are the
“water soluable fraction” (WS F) that includes the dissolved and emulsified oil
in the water. The main program then calls the subroutine 0! LBOT to compute the
"oi 1 on the bottom” (TARS) that includes the weathered and sedimentized oil that
accumulates in a nepheloid layer at the sediment-water interface and in the
sediments (details are given in Laevastu and Fukuhara, 1984) . The model then

returns to the main program and calls the subroutine FEDOIL.



Main Program

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

MAIN

Tabwlated
Output

Oil on the Bottom Subroutine

Uses WSF oil concentration data to
Ol LBOT compute the “oil on the bottom™, TARS.

Feeding Subroutine

Computes uptake of contaminants
through consumption of oil contaminated

food .

FEDOI L

II'

Main Migration Subroutine

Directs sequence of migration computations,
computes uptake of contaminants from

Ml GR exposure to oil , and calculates deputation.

Migration Calculation Subroutine

Calculates actual migration and redistributes
RANNAK contamination over model grid. Calculates
amount of contaminated b omass caving the

model region.

Figure 2. --Sequence of BIOS model computations.




Upon completion of the FEDOIL computations described in detail below, the
model returns to the main program, which then calls the subroutine MIGR.
Details of subroutine MIGR and its associated subroutine RANNAK are given in
Swan (1984), and will not be repeated here. After completing the MIGR
computations, the model returns again to the main program. The main program
then prints selected outputs, increments the model time step, and repeats the

sequence of subroutine calls for the new time step.

3. Details and Technical Specifications of Subroutine FEDOIL

Subroutine FEDOIL is called once during each time step (LL) of the simulation
and computes the uptake of oil contaminants due to consumption (CONOIL) for each
species (J). Itthen adds this value to the current level of oil contaminants
(OILCON) in the given species. After completing the computations for all species,
FEDOIL returns to the main program. A general flow diagram of the subroutine
is given in Figure 3.

FEDOIL first sets general constants for use in subsequent subroutine equations,
and then begins to loop through the species specific computations for feeding.

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

specific food coefficient (TOH , J) time step (LL).
?

“f the given
The food coefficient (TOHLLJ)Foreachspecies group (J) is computed as a

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

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

for seasonal variation via the harmonic function:

TOHLL’J =TJ, + [0.35(TJJ) cos (ALP(t) - GKAP)] (1)

where ALP is the phase speed and equals 30°; t is the month of the simulation; LL
is the daily time step of the simulation (i.e., TOH is held constant over a
month) ; and GKAP is the phase lag and equals 17 5TfRis equation is taken from

Laevastu and Larkins (1981), and is d’iscussed in detail in Gallagher (1984).
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Figure 3. --Flow diagram of subroutine FEDOIL




After computing TOH the subroutine next checks the percent composition

LL,d?
of pelagic food items (FODCMP ) jn the diet of the given species in order to
determine which of several equations to use in computing the value of CONOCI L.
As a fTirst approximation, the general food composition data for each species

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

general demersal food, or a combination of both.

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

(i.e., FODCMP=1.0)}, then the amount of oil contaminants taken up through feeding

during time step LL, CONOILLL Je is given by:
’
CoNOIL) = (TOHLL,J) (ACFRCILL,J) (WSFLL,N’M) {BAR) (EMF) (2)
ACFRCI is the actual fraction of a species diet that may be consumed

‘here LL,J
and is a function of oil concentration, WSFLL N M(see Appendix Table 3); BAR
3ty

is the biocaccumulation ratio between oil concentration in the environment and

oil concentration in the food items In a species diet; EMF is the efficiency of
metabolism of oil contaminated food items; and other parameters are as previously
given. (The preliminary values for parameters BAR and EMF are 50.0 and 0.75,
respectively. See Laevastu and Fukuhara (1984) and Gallagher (1984) for a TfTull
discussion.)

Equation 2 is a reasonable approximation given the additional assumptions
that 1) a species biomass iIs constant across the grid and for the duration of
the simulation due to the limited temporal and spatial scales of the study; and
2) that in computing the amount of oil contaminants taken up during feeding, no
attempt is made to try to estimate species specific growth or consumption rates;
instead, each species (J)is assumed to get its full food requirement (food
ration) for each time step of the simulation (i.e., there is no starvation).

This topic is discussed in detail in Gallagher (1984).
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if the diet of a given species (J) iscomposedonly. of demeral food items
(i.e. , FODCMP=0) , then the amount of oil contaminants taken up through feeding

during time step LL, CONOILLL e is given by:

CONOIL

[ = (Ton, J)(ACFRCZLL,J) (TARS ) (BAR) (EMF) ®)

LL, LL,N,M

“here ACFRCZLL’J is the actual fraction of a species diet that may be consumed
and is a function of oil concentration, TARSLL Ny (see Appendix Table 3) , and
other parameters are as previously given.

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

food items (i.e., 0<FODCMP <1 .O), then the amount of 0il contaminants taken U P

through feeding during time step I-L, CONOlLLLoJ’ is given by:

CONOI Ly, = Co LLQJ)(VALUEI + VALUE2) (BAR) (EMF) (4)
where

VALUE I = (PEL ) (WSFLL’N,M) {ACFRC1 LL,J) 5)
and

VALUE2 = (DEM)) (TARS LL,'N,M) (ACFRCZLL’J) (6)

and where PEL'J is the fraction of pelagic food items in a species diet and is

equal to FODCMP; DEMJis the fraction of demersal food items in a species diet

and is equal to (1.6 - PELJ); and other parameters are as previously given.
The subroutine now adds the computed amount of oil contaminants taken up

through feeding (CONOIL ) to the current amount of oi 1 contaminants al ready

LL,Jd
existing in the species (OILCONJ). These data are then stored as parts per
million (ppm; i.e., milligrams (mg) of oil per kilogram (kg) of biomass), for
later use in other subroutines. These procedures are then repeated for all
species and all grid points for the given location and scenario. When all

computations have been completed, subroutine FEDOIL prints selected outputs for

the given time step (e.g., Appendix Table 5) and then returns to the main. program.
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5. Appendix Tables



-}1-

Appendix Table 1.--List of species and input biomass data (by location) used in

B lOSl/.
Species Input Biomass DataZ/

No. Name Port Moller Port Heiden Cape Newenham
1 Herring juveniles 1409 521 1551
2 Herring adults 1121 414 1234
3 Pollock juveniles 3708 2322 3261
L Pollock adults 11007 6893 9679
5 Pacific cod juveniles 424 279 307
6 Halibut juveniles 730 330 240
7 Yellowfin sole juveniles 722 482 711
8 Other flatfish juveniles 2004 1472 1650
9 Yel lowfin sole adults 800 534 789

10  Other flatfish adults 2004 1472 1650

11 Pacific cod adults 861 461 681
12 King and Bairdi crab juveniles 664 222 432
13 King and Bairdi crab adults 1654 553 1078
14 Mobile epi fauna 5970 4995 6075

15 Sessile epifauna 13930 11655 14175
16 Infauna 19150 13750 19250

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

2/ The following assumptions were used to convert the data obtained from the
DYNUMES model to biomass fields for use in the BI10S model.

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

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

¢c) Yellowfin sole data were assumed to comprise 75% ofDYNUMES species group
7 {yellowfin and rock sole).

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

e) DYNUMES species groups 7 (rock sole-25%), 6 (flathead sole, flounder),
and 8 (other flatfish) were combined to make up the other flatfish group

(species 8 and 9) for the BIOS model. These groups were assumed to be
equally divided between juveniles and adults.

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

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

equations of subroutine FE DO IL.

@ - L
Food composntlon—f

No Species (J) TJl/ ZPEL %DEMQ/
1 Herring juveniles .016 100
2 Herring adults .010 95 5
3 Pollock juveniles .012 95 5
L Pollock adults .007 72 28
5 Pacific cod juveniles .015 81 19
6 Halibut juveniles .012 43 57
7 Yellowfin sole juveniles .012 20 80
8 Other fTlatfish juveniles .012 20 80
9 Yellowfin sole adults .006 15 85
10 Other flatfish adults -006 25 75
11  Pacific cod adults .007 30 70
12 King and Bairdi crab juvenile .012 30 70
13 King and Bairdi crab adults .006 10 90
14 Mobile epifauna .019 0 100
15 Sessile epifauna .006 0 100
16 Infauna -006 0 100

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

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

3/ [pEL= FODCMP]; [DEM = 1.0 - PEL].



Appendix Table 3. --Effects of various concentrations of WSF and TARS of crudeoilon the actual food uptake of

. a1
selected marine specles.~

Oil Concentration (CONC)
(in ppm) CONC<0.1  0.1< CONCs0.5 0.5<CONCs1.0 1.0<CONCS2.0  2.0<CONCs10.0 CONC>10.0

Pelagic feeders (NSF)E/
ACFRCI 1.0 .90 .75 .50 0 0

Demersal feeders (TARS)
ACFRC2 1.0 .95 .80 .70 » 30 0

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

2/ values shown are the actual fraction of a species food requirement that would be eaten under the glven
level of oil concentration.

—=|-
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Appendix Table 4.--List of symbols and abbreviations.

ACFRCT -

ACFRC2 -

ACTB10 -

ACTCON -

ALP

BAR

ConNoiL -

DEM -

EMF

FODCMP -

GKAP -

tsL -

LOC -

ME -

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

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

Species biomass.

Total amount of food items consumed by a species = since there is no
starvation, it is a function of percent body weight daily (TOH) and
biomass (ACTB10).

Phase speed (30° toreflect monthly adjustment) .

Bioaccumulation ratio.

Amount of oil contaminants taken up during feeding.

Fraction of species diet that is demersal food - equal to (1. 0-PEL).
Efficiency of metabolism of oil contaminated food items.

Fraction of species diet that is pelagic food (input food composition
data) .

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

Land-sea table - defines land and sea areas of computational grids.
Same as t (symbol used in computer code).

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

Index defining location of current simulation (symbol used in

computer code).

Columns wused in grid array - location specific.



-15-

Appendix Table 4 (cent’d)

NE

Ol LCON
PEL
RAD

t

TARS

TJ

TOH

WS F

Rows used in grid array - location specific.

Current level of oil contaminants in a given species.

Fraction of species diet that is pelagic food-equal to FODCMP.
Radians.
Month of simulation.
0i1 concentration “on the bottom”.

Basic species specific rate of percent body weight daily - defined on
a monthly basis.

Species specific food coefficient as a function of percent body weight
daily.

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

1/

by uptake of oil contaminated food— .

Species No. 1 2 L9cation: Port Moller
Biomass: 1409.00 kg/km’ Time Step: Day |

Total contaminated biomassg/
Concentrations in ppb (ug/kg) Kilograms (kg) Area {kmZ)
Cont. Index greater than 1000.00 0.00 0.00
Cont. Index 500.00 to 1000.00 5636.00 4.00
Cont. Index 100.00 to 500.00 73268.00 52.00
Cont. 1Index 50.00 toc 100.00 28180.00 20.00
Cont. Index 10.00 to 50.00 39452.00 28.00
Cont. Index 1.00 to 10.00 78904 .00 56. 00
Cont. Index 0.10 to 1.00 39452.00 28. 00
Cont. Index less than 0.10 5867076.00 4164 .00

1/ A full discussion of these and other output data will be given in the final
report.
. o 2 . .
2/ Each grid point is a square of L km“. Thus the total contaminated biomass

at a grid point is equal to (ACTBIO x &).
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6. Subroutine Listing in FORTRANl/

j/ Computer code for the printing of selected outputs has been deleted.
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C
C* 0 ** o *K (RR KRR KKK
c MAIN PRO GRAM

c'ltiiit’tiit’*tiil”it’*"tfttinlfttitirliﬁtil.ﬁtint*ttih!*'*i!rtt!rltiiihlt*tiultta*

c
$FESET FREE
$SET ONK CWNAFRAYS
SSET LIST LINEINFD STACK
FILE $1(XKIND=C1SK,-TITLE="QCSEAP/OILCON/LOCI">FILETYPE=7)
FILE 2¢(XIND=CISK,TITLE="0CSEAP/CILCCN/LOC2",FILETYPE=7)
FILE 3(KIND=QISK»TITLE="C0CSE sP/CILCCN/LOC3",FILETYPE=7)
FILE 4{KIND=CISK,TITLE="0C SEAP2/LOCZ2/LANDSEA",FILETYPE=7)
FILE 6C(XIND=FRINTEF)
CCMMON/BLK1/NEs MEsX»LLs ISL
CCMMON/BLXETO/LCC,ACTRIC(1SE)
CONMGN/INPEIO/3 I0LCC3.16)
COMMCN/BLXOIL/0ILCONCI65,32534)
COMMON/CIL/WSFL22,34),TARS(32534)
DINENSICN ISL(325,34)5DC32534)5 T3(C &)

NE=327 NE=345K=87LL=1;LLXAX=107L0C=t

C
c ARG AR AUl ) SOAD S ) DR AR @S WA eEasw T~ - T TS =S==== ======8&== O """ O == 0 """" . D A D
c USING DEFINED LOCATION (I.E.r LOC=1),SET ACTEID E2UAL 70 BIOLC.
c BICOLC 1t A BLOCK LCATA AFRAY CONTAINING species BIOMASSDATA FOR
g ALL THREE LIL SPILL SCENARIO LOC%'!IENS.
c
D3 25 J=1,16
ACTBIOC(JI=EI0LL¢LOC,I)
25 CCNTINLE
c
c ............................................... esseacw
c READ INFUT DATA FORISL AND WSF
c NERSISTHE TIME STEP CFTHEUWSF CATA (I.Ee»10AY = 25HFS)
g----"---- et I B Tl il
c
IFCLCC .XEL.2)GD T4 51
00 SO N=1,NE
€0 READC4s100IMESC ISLINS M sM=1sME)
GO0 74 30
€1 B0 52 N=1.NE
D3 S2 HN=1,dE
2 ISL{N,»)=1
100 FORMAT(212)
30 READCLCC,/INHFS
READILCC»/Z7ICLUSFIN» M), ¥=1,NEDI »N=1 »NED
c
C . = . . . === . . . . . . T TESSSSSSS SESSSSSS O SESSSSSSSSSSSSSSS|SS|sS|SsSsSs|sSsSs mEEssss- L A K F T 3
C CHANGE OIUL CCNCENTRATICNS FRCM PPE 10 FPPH
[ =mmm=emme Smeemmemo—— - - === aan e eeeeeeeeeaaaaa- .
c
DO 32 N=1»,NE
00 3 2 ¥=1sME
IZHEFLN, MI=NSFCN» NI/1000.
C

C--—-—----c .......... e B WeWmea "“TTTEET== L2 E T Y X W N L B2 FY RTY 2] ‘OOO ——————————

c CCMP yve CIL OgN THE 8OTICM
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c SEE LA EVASTU ANC FUKUHARA (1974) FOF DETAILS

c """"""""""""""""""""" - NS T e @ ERee® """ aseamecewos

BL0=2.
c BLO=2 €L NTINUCUS SOURCE» BLO=1 INSTANTANEOUS SOUFCE.

DL=20D40.
[ TAT TIME STEP IN HOURS
TAT=24.
IC0=20.
T=LL*1440.
KAL=1
KAL=0 ~ XKC OIL MOVEMENT CN THE EBOTTCM»> 1 OIL ADVECTED CN BOTTECM
KU = CLUFFENTINDCEX, SEE CURCILS KA TURBULENCE INDEXCNOTUSEDR)S
LU  PRINT SCALING INDEX
Ki=3
KA=1
LU=g
UI=° .
VI=0 a
CALL OILECTUWSF oLL»TO»CL»Ds TARSS>TE>ELO» Ul s VIS XU»KAL»T»KALTAT)
Ul=60. -
¥i=8.
IF {(XALNEL1DGC TO 31

CALLCULFCILLTARS,KU»UI»VI»EL>LL»BL0,ToKALD
31 CONTINUE

(o N o Ry

c
coacoams
c CALL FECCILANDMIGR
g —~—-- T B T T e - O Bwme@me """ "S- S S-S ------------- -
c

CALL FECCIL

CALL MICH
c
g S e L L LT TR PR TR
c INCREMEMT TINE STEP
[mecccmcan ammeasmme — === m e e e emmw oo - —————
L

99 LL=LL+ 1

IF(Ll. LE. LLM AXDGT TC 30
c
(®ewmm®@e ~-""---CS SooSmmmsooommoommo------ cecoscene ceccanee cTweceaee sessew
c EXND MAIN FR QG;#H
c

STCP

END

*********U*** . EE A S o Sk e b EE S o S o S o ° 4************* . ESEE SR b o b S

BLOCK CATA

dAhkhkkhdhkhdhhhdhxkx . ER R R R R S R R . dAhkhkkhdhkhdhhhdhxkx

€2 e O o O

° S************* . ESE SR S e b o S
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&?30. ’3 30.’250. 1 4 53100555095190) 200 !00 ’1472.'155‘].'
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IFCISLCN, M), EQ. 0 G0 TG 19
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IFCFODCFFC U)o GT o Dus AND. FODCMP(JYe LT 41.0)GE TC 22
IFCFCDCVMFLJ)L EQ 1.0 GEC TC 30
IFCTARSIA, M) GTo10.0J)ACFRCZ=D.
JFUTARSIN I M) aGT 02D ANDTARS(N»MI WL EL10.0)ACFRCE=4 320
TFCTARSINSMY e GT e 10 s ANDTARSINS M) oL EL2.09)ACFRE2=.70
IFCTARSIN A M) e BT w0l e AND TARSIN, N LEL QL 3)ACFRLZ2=,92
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213 IFCWSFIN,MIeGTo2.0)ACFRCL=0,
IF{NSFONsMI)aGTe e DaANDa W SFIN> M) LE. 2. 3JACFRC1=.5)
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TFCNSF CNoN)aGTe0elo ANDNSFCNsH)oLEa0.S) ACFRC1=4 90
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