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BACKGROUND

The Appendices contained in this volume (II) are an integral
component of the (il MWeathering Program Final Report., They document the
complete (i1 Weathering Model Computer Code; contain the 0i1 Weathering Model
User's Manual; provide detailed descriptions of analytical methods not other-
wise covered in Volume I, and present the results of X-ray defraction analyses
on selected SPM samples and the analyses of subtidal sediments examined in
support of another NOAA research unit. Originally it was our desire to bind
these appendices with the Technical Results in Volume I, but the length of the
document made it too large to conveniently use in that format. Therefore, the
report was divided into two separate documents; however, this volume should be
archived with the technical portion (Volume I) and delivered to persons
requesting the results of this study for easy referral. For reference, the
following five pages present the Table of Contents for Volume I.

Appendices A through E heré&in present detailed code listings for
various compenents of the overall weathering model, Appendix A Tists the
entire computer code as it existed in December, 1983. Appendix B includes the
0i1 Weathering Model User's Manual which was published as a separate document
in July, 1983. Appendix C includes a code description for component-specific
dissolution. Appendix D includes a code listing for dispersed o¢il-
concentration profiles with a time varying oil flux, and Appendix E includes a
code listing for dispersed oil concentration profiles with a constant oil
flux. Appendix F presents analytical methods utilized throughout the oil
weathering program, and Appendix G includes the results of X-ray diffraction
analyses completed by Technology of Materials Company on suspended particulate
material used for oil/SPM adsorption studies. Finally, because the informa-
tion on long-term fate of sedimented o1l 1is pertinent to the overall goals of
this program, the results of -our collaborative efforts with Drs. Griffiths and
Morita of Uregon State University are included-as Appendix H.

The facts, conclusions and issues appearing in this report are based
on results of an Alaskan environmental studies program managed by the Outer
Continental Shelf Environmental Assessment Program (OCSEAP) of the National
Oceanic and Atmospheric Administration (NOAA), U.S. Department of Commerce,
and primarily funded by the Minerals Management Service (MMS), U.S. Department
of Interior, through interagency agreement.

DISCLAIMER

Mention of a commercial company or product does not constitute an
endorsement by National Oceanic and Atmospheric Administration. Use for
publicity or advertising purposes of information from this rublication
concerning proprietary products or the tests of such products is not
authorized. '
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Qo010
00020
00030
00040
00050
90060
90070
00080
00020
001900
60110
00120
00130
00140
00150
00160
C317To
90180
G0190
00200
0U210
ou2o
00230
00240
eu250
060260
QU270
a)28o0
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GO300
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Q0340
en3s0
90360
Q0370
00380
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00420
00430
Q0140
00430
00460
00470
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004930
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06530

00540
00530
00560
09570
00380
00590
00600
00610
00620
00630
00640
00630
00660

oooanQaOOaOOaans

ananon

APPENDIX A

=xxxx CUTVP2.FOR *xxxx

THIS IS THE OPEN-OCEAN OIL-WEATHERING CODE ARD
_ $¥§EOIL PHASE IS CON:IDERED WELL-STIRRED ALL THE

THIS VERSION OF THE OIL-WEATEERING CUDE DIFFERS
FROM CUTVP1 [N THE VISCOSITY CALCULATIOKN.

JANUARY. 1983

GET YOUR OUTPUT FROM CUTVP2.OUT-FILE:FORTRAN
THE PLOT FILE 1§ CUTVP2.PLT
TEE TYPE FILE IS CUTVP2.TYF

REAL*®4 MW, MWt XH,MTCA.MTC,MASS MOLES, EOIL.KAIR.KA.KB

1, MK3, ME4, MK3L, MK4SL

COHMON sCOIL/ MW1,TC1.VC1.PC1,CNUMI,VIS]

COMMON ~SPILL~- HTC(SO) VP{(30}. VLOG(SO) RHO(30)  MW{(30)

1 .SPGR(30) .FRACTS ,STEN,KB.DISPER.Z. TERH° qPREAD KMTC
COITION ~PCODE- VSLEAD.MEY 10U, [PU.ITY

COMHON ~MOOSE~ WINDS.C1.C2,C3.C4

DIMENSION TB(30). API(QO'-A’?O) B¢30).TBL(6,30) .APTL{6,.30)
1.TE€(30) . PC(30) .CNUM(30) ,Ti0(30). H‘APIISO) H\APZ(SD)
2,%¥0LL(6.30) ,VOL{30Y, MOLLS (30) . MTCA (30} . VIQ(SO) VISK(3e)
3.VLOCK(30) .HLAN (39} .VCr30)> .APIBL(6) ,NCt30)
4, FCTR(6) ,NS(30) . ITEML(6}).1SAMPL(6)

DIMFENSLOF ANAhufSI.ANANELtﬁ.SJ.C1L(6).C2L(6).C4L(6)

1. STENL{GY . VISZL(6) ,MK3L(6) .MK4L(6)

DATA (ANAMEL(1,J).J=1,53)~'PRUDH",'OE BA", Y. AL","ASKA °
1,° " .

DATA (ANAMEL(2,J).J=1,5)~"CO0OK ' ,°'IRLET*.', ALAa*,"SKA °
1.° e

DATA {ANAHEL(3 Jy,J=1, 5)/ WILMI','NGTONK",', CAL", 1FORN"
1."1A

DATA (ANAHEL(4 J¥,J¥1,57/"MURBA","N, AB','U DHA*, BI ‘
1.- Iy .
DATA (ABAMEL(¢S,J).J=1.3) LAKE *,*CHICO",'T, LO’, UISIA~
1.°NA e

DATA (ANAMEL(6.J),J=1.5)~'LIGHT™," DIES",'EL CU".'T T
1" v . -
DATA APIBLA/27..35.4.19.4.40.5,54.7,38.9/
DATA ITENL/9.7,94,99999,221.1~/
DATA ISAMPL-?1011,72025,71052,99999,34062.2/
DATA NCTS-15.16,.13.16.16,117

FOR CRUDE OIL THE RESIDUUM CUT IS ASSIGNED A NORMAL
BOILING POINT OF 850.

DATA (TBL(1,J).J=1,80)/167..,212..257.,.302.,347..392.
1,437..482.,527.,.580.,638.,685.,738..790.,850..15*%0.~

DATA (TBL(2.J).J=1,20)-122, ,167..212. (257, ,302. ,347.
1.392..43?..482-.527..580..638..685..738..790..350.
2.4%0./

DATA (TBL(3.J).J=1.20)-212,.257..302..347.,392. ,437.
1.482.,327.,580.,638. .685..738. ,850.,7%0./

BPATA (TBL(4.J).J=1.20)/122_.167..212..25?..302..34?.
1,392, ,437..482..527.,580.,638..685.,738.,790..850.
2,4%0 ./

u‘xﬁ_{TBLfs.J}.J
1.392..437..,482.,
2,4x0./

DATA (TBL(6.J),J=1.11)2/313.,342..,.366..395.,415.,438. .461.
1.479.,501.,318.,538.-

DATA (APIL(1.,0),J=1,30)/T2.7,64.2.56.7.51.6,47.6.43.2
1.4:.5,37.8.34.8,30.6,29.1,26.2.24.,22.5.11.4,15%6./

L2 /122, 0 167..212. 257, .382. .347.
+380..638. 680..738..790 .850.



00670 DATA (APIL(2.J),J=1.20),89.2,77.2. 63..59.5.53.4,50.8

00680 1.46.5.43.,39.6.37.,.32.8.01.3.28.7.26.6.25..11.6 456~
00690 DATA (APIL(3,J).J=1.20)/68.6.58.7.53.,48.1.43.2.38.8
60700 1.05.4,32.3.26.8.24.5,22.8,20.3.8.9,7%0 .,

00710 : DATA (APTL(4.J).J=1,20)794.7.86.2.70.6.62.3.55.7.51.6
00720 1.48.5,45.6.43. .,40.,35.8,34. .30, .28.4,26.6.16.7. 4%0 ./
00730 DATA (APIL(5,J).J=1,20),02.4, B1..68.9.62.1,52,2,52.5
00740 1.48.8.45.2,41.7.38.2,34.4.33.2.90.6.28.9.26.1.18.1 .4%0.,
00730 DATA (APIL(6.J).J=1,11),49.6.47.3.46. .44, .38.6,38.8,87.2
00760 1,35.4,33.9,33.1.32.2 .

00770 . DATA (VOLL(1,J).J=1,80)/2.1.2.6.5.5.3.6.3.7.3.5.4.5.4.8
00780 1.5.,2.8,6.5,6.8.6.0.7.4.36.3,15%0. ./

00790 DATA (VOLL(3.J).J21.20),2.4.2.5.5.9.6.1.5.1 .5.2,4.9
00800 1.5.1.5.2.5..3.8.5.2,7..4.2.4.2,25.6,4%0.-

00810 BATA (VOLL(3,J),J=1.20)-2.3.2.4,2.4.2.5.2.8.3.6.4.4
00820 1.5.3.4.7.6.3.4.1.5.5,53.3.7%0./

00830 - DATA (VOLL{4.,J).J=1,20),1.7.2.9,4.9.6..6.8. 6.5.5.7
00840 1.5.6.6..4.9,5.7,5.6.6.5.6..5.6,19.3,4%0.,

00830, D‘TA (VOLL(5.J).J51.20),7.5.8.2.9.7.11..9.1,8.3.7.2

00860 1.7.2.7.4.6.9.3.5.3.,1.6,1.4.,1.9.2, ,4%0_

00870 D«TA (VOLL(6.J).J=1.11)/4.78.9.57.9.09.9.57.9.37.9.57
20880 1.9.57,9.57.9.57,9.57,9.57/

00890 C

00900 C CIL, C2L. AND C4L ARE THE MOUSSE FORMATION CONSTANTS.
00910 C Ci1L IS THE VISCOSITY CONSTANT.

60920 C C2L 1§ THE INVERSE OF THE MAXIMUM WATER IN OIL WEIGHT
00930 g FRACTION. C4L 1S TUE WATER INCORPORATION RATE.

00940

00950 DATA CIL/0.62.0.62.0.63.0.64.0.65. @.65/ -

00960 DATA C2L-1.42.3.833.1.43.5..~1..-1.

00970 DATA C4L70.601.0.001,0.0{,0.001. LB e 7

00986 C

.8099¢ € FOR THE DISPERSION PROCESS. KA IS THE CORSTANT IN THE
01000 C SEA SURFACE DISPENSION EQUATION. KB IS THE CONSTANT IN
01010 C THE DROPLET FRACTION EQUATION. STENL(6) IS THE LIBRARY |
01020 C OIL-%ATER SURFACE TENSION. IN DYNES/CM.

01030 C

01040 DATA KA.KB.STENL/0,108.50..30..36..30.,30.,30..30.
01050 DATA VISZL-35..835..195.,15.,13.3.11.5/ ..

01060 DATA MK3L-9660..9000.,9000. ,9000..,9660. 3000 .~

01070. DATA ME4L-10.5.7.4,15.3.10.5.2.,2.~

01080 YI(XI=( (1. =X)%%0 . 38) ,(X*X) _

01090 OPEN(UNIT=32,DI1ALOG= "' DSED: CUTVP2.0UT" )

01100 OPEN(UNIT=34,DIALOG= * DSED: CUTVP2 . PLT*)

01110 OPEN(UNIT=35.DIALOG= * DSED: CUTVP2.TYP")

01120 10U=32

01130 1PU=34

01140 1TY=35

01150 C : :

01160 C FILL IN SOME LIBRARY IDENTIFICATIONS.

01176 € : .

01180 10 TYPE 20

01190 29 FORMAT (1X, "ENTER THE NUMBER OF TBP CUTS TO BE CHARACTERIZED
01200 t ON I2%)

01210 TYPE 30 :

0122 30 FORMATC(!X.'IF YOU HAVE NO INPUT DATA JUST ENTEH 99°)
01230 TYPE 40 :
01240 40 FORMAT(1X.'A 99 EFTRY WILL USE A LIBRARY ENAMPLE')
01250 1CODE=

01260 ACCEPT 56, RCUTS

01270 560 FORMAT(12)

61280 LSWTCH=NCUTS -

01290 C

21300 ¢ LSWTCH=99 1§ USED TO INDICATE TEAT A LIBRARY CRUDE WAS
01310 ¢ CHOSEN.

01320 C



#1330 IF(NCUTS.NE.99) GO TO 12¢

01340 C 3 - _
01350 C USING A LIBRARY CRUDE.
01360 C : -
01370 TYPE 60

01380 6@ FORMAT(1X. ‘CHOOSE A CRUDE ACCORDING TO:'»
01390 . DO 80 I1=1.6

01400 TYPE 70, 1.(ANAMEL(I.J),J=1,5)
01410 70 FORMAT(1X.11,* = *,5A5)

01420 80 CONTINUE

01430 ACCEPT 90, IC

01440 90 FORMAT(I1)

61430 APIB=APIBL(IC)

01460 ITEM=[TEML(1C)

01470 1SAMP= [SAMPL(IC)

01480 NCUTS=NCTS(IC)

01490 1CODE=2

01500 DO 100 J=1.5

01510 ANAME ¢.J) =ANAMEL( 1T, J)

01520 100  CONTINUE _

01530 TYPE 110, (ANAME(J).J=1,.3)
61540 116  FORMAT{(/.1X,'YOU CHOSE: °’.3A5)
01330 GO TO 200

01560 C

91570 C USER IS ENTEBIHG.THE CRUDE DATA.
01580 ¢

01590 120 TYPE 130
01600 130 FORMATC1X, "ENTER. THE NAME OF THE CBUDE )

Gteid ACCEPT 140, (ANAME(I).1=1.3)

91620 140 - FORMAT(10ADS)

91630 . TYPE 130

01540 150 FORMAT( X, 'ENTER AN IDENTIFICATION NUMBER FOR
01650 1 THIS CRUDE ON I5*)

31660 ) ACCEPT 160, ITEM

81670 160  FORMAT(IS5)

09163806 - TYPE 170

8690 170 FORMAT(1X. *ENTER A SAHPLE NUMBER ON 15 Y

01760 ACCEPT 160, 1SAMP

01710 TYPE 180

01720 180 FORMAT(1X. 'ERTER TEE BULK API GRAVITY 1]

01730 ACCEPT 230, A?iB

91740 TYPE 190

01750 190 FORMAT<(,1X, 'YOU MUST ENTER THE TRUE BOILING POINT
01760 1 CUT DATA STARTING' . .t1X, 'wWITH THE MOST VOLATILE CUT
@I1770 2 AND GOING TO THE BOTTOM OF THE BARREL'./)

01780 C ‘

01790 C CALCULATE TEE BULK DENSITY OF THE CRUDE AT 60-60.
01800 C

6L810 200 DCRUDE=141.5-(APIB+131.5)

01820 DCRUDE=¢.983*DCRUDE

01830 [

01840 C TRANSFER CRUDE INPUT DATA TO THE VARIABLES USED IN
01830 c -THE CALCULATIONS.

81860 c )

01870 DO 270 I=1 ,NCUTS

9188¢ GO TO (210.260), ICODE

6t890 210 TYPE 220, 1

01990C C

01910 c ENTER THE CRUDE CUT DATA.

Gis2o C . ’

1930 220 FORMAT ({X.'ENTER THE BOILING POINT AT i ATM IN DEG F
01940 t FOR CUT".I3)

019350 ACCEPT 230. TB(I}

01960 230 FORMAT(F10.&)

91970 TYPE 240, I

01980 240 FORHAT(IX *ENTER API CHAVITY FOR CUT',13)

A-d



a1998
02900
02010
02020
02030
02040
02030
92060
02070
02080
02090
02160
02110

02120

02130
02140
02150
02160
02170

02180
02190’

02200
02210
02220
02230
02240
02250
02260
02270
02280
02290
02300
023190
02320
02330
02340
02350
02360
02370
02380
02390,
02400
02410
02420
02430
02440
02430
02460
02470
02480
02490
02500
02510
02320
02530
02540
02350
02560
82570
02580
02590
02600
02510
02620
02630
02640

290

Joe

310
320
330
340

430

440
450

SO0

470

ACCEPT 236. API(I)
TYPE 250, 1
FORMAT(1X. ENTER VOLUME PER CENT FOR CUT',13)

- ACCEPT 230, VOL(I)

CO TO 279 ‘
TRARSFER CRUDE CUT INPUT DATA FROM THE LIERARY.

TB(IXY=TBL{IC,1)
API(I)=APIL(IC, 1) -
VOL(I)=VOLL(IC.IY
CONTINUE

DISPLAY THE CUTS BACK TO THE USER.

TYPE 29¢ _
FORMAT (.. X, *CUT" . 5X. "TB". 10X, "API",8X, 'VOL')
DO 310 I=1,NCUTS

TYPE 300, I,TBCIY.APTC1).VOLLTY
FORMAT(1X.12.5X,F3.1,7X. F4.1,6X.F3.1)
CONTINUE .

TYPE 320

FORMAT (11X, "DO YOU WANT TO CHANGE ANY?Z")
ACCEPT 340, ANS

FORMAT (A1)

IF(ANS.EQ. 'N*) CO TO 420

ALLOW THE INPUT TO BE CHANGED.

TYPE 350
FORMAT ( {X. "ENTER THE CUT NUMBER TO BE CHANGED ON [2')
ACCEPT 50, K

TYPE 366 _ o
FORMAT(1X.'ENTER 1 TO CHANGE TB, 2 FOR API. 8 FOR VOLZ")
ACCEPT: 370, IC L
FORMAT(117

TYPE 380

FORMAT(1X. "ENTER THE CHAKGED DATA®)

GO TO (390.400.410), 1C

ACCEPT 230, TB(N)

GO TO 280

ACCEPT 230, API(N)

CO TO 280

ACCEPT 230, VOL(I)

GO TO 280

DO 430 1=2,.RCUTS

IM1=1 -

-1?(?3([) LT.TB¢INL)) CO TO 440

CONTINUE

GO TO 460

TYPE 450, I,IM1 _

FORMAT(/.1X.'THE BOILING POIRT OF CUT °*.I2

1. IS LESS THAN CUT ‘.12./.1X,'AND THIS ORDER IS NOT
2 ACCEPTABLE, SO START OVER®,/ ) .

€O TO 10

ALWAYS RENORMALIZE THE INPUT VOLUMES TO 100%.

VTOTAL=9.

DO 470 I=1 8CUTS -
VTOTAL=VTOTAL+VOL(I)

CORTINUE

B0 480 I=1.RCUTS

VOL(I)=100.%VOL(I)-VTOTAL

CONTINUE



02650
02660
02670
02680
92690
02700

92710

92720
02730
02740
02750
02760
Q2770
02780
92790
az289o
02810
02820
02830
02840
02830
02860
(5 Jeds ¥l
02880
02890
6900
Q2010
02920
82930
02940
82930
02%60
92970
02980
92990
83000
en010
0302¢
03030
03040
03030
03060
03070
03080
03090
Q3100
¢3t1o
03120
Qa130
03140
63130
03160
03170
03180
03190
03200
03210
0azzo
03230
83240
03250
03260
03270
03280
03260
a33noe

naaan

Gono

aaonan

490

aono

[ elv]y)

aaco

jte

NOW CHARACTERIZE ALL THE CUTS. [IF THE LAST CUT IS
-RESIDUUM DO NOT CHARACTERIZE IT BUT USE A VAPOR
PRESSURE OF @. AND A MOLECULAR WEIGHT OF 600.

HW(NcﬁTS)=€oo.
VP(NCUTS) =90,

Nv=1 MEANS NO RESIDUUM CUT PRESENT.
Nv=2 MEANS A RESIDUUM IS PRESENT.

RvV=1

RC1=HRCUTS

PO 550 [=1.NCUTS
APIN=API(I) o
SPGR(I)=141.57(API(1)+131.3)
SPGR(1)=0.983*SPGR(I)
TBR=TB(1)

THE RESIDUUM CUT IS IDENTIFIED BY A NORHAL BOILING

POINT OF 850, LOOP AROUND THE NV=2 SWITCH IF A

- RESIDUUM IS PRESENT. - NCi “IS. THE * ‘NUMBER OF PSEUDO COHPONENTq
wWiTH FINITE VAPOR PRESSURES.

IF(TBN.LT.856.) GO TO 490
Nv=2

NC1=NCUTS-1 o
CALL CHARCAPIN.TBN.AN.BN,NSN,NV)

TEE CHARACTERIZATION SUBROUTINE RETUANS THE LOG1¢ OF THE
KINEMATIC VISCOSITY (CENTISTOKES) AT 122 DEG F.

VISK(T)=10.%x2VIS1
VLOGK (1)=ALOC(VISE (1))
GO TO (300.550). NV

STORE THE CUT INFORMATION FOH A NOR-HESIDUUM CUT.

NS(1)=NSN
ACi)=AN

B(I)=BN

MW (1) =MWy
TC(1)=TCt
TC(I}=TC(I)+439.
VC(I)=VC1e
PC(1)=PC1}

CNUM( 1) =CNUM{1

FIRD THE TEMPERATURE AT WHICH THE VAPOR PRESSURE IS 10 MMEGC
BY USING NEWTON-RAPHSON WITE TB AS THE- FIRST GUESS.

NC(I)=0
YTEN=ALOG10(6.013135/PC(1))
X=(TB(1}+439.)/TC(1) ~
EX=ENP(=20.*(X-B(]))**x2)
Y=—-AC(1)x(1.=X) X~EX
YOBJ=Y~-YTEN
VP(1)=PC{1)*10 . %xxY
TEST=ABS(VP(I1)-0.81315) :
IF(TEST.LT.9.001315) GO TO 3490
]F(NC(I) GT. 20) GO TO 320
DY=A(I)/ (X*¥X)+40. *(X-B(I))*EX
BI=YOBJ-DY*X

X=-Bl-DY

G0 TO 510

A-6



93310
03320
03330
02340
03330
93360

- @33vo

63380
03390
03400
03410
03420
83430
03440
03450
03460

03470

03400
03490

03500

03510
03520
03530
03540
03550
03560
03370
93580
03390
03600
03610
03620
03630
03640

03650

01660
03670

03680 -

03690
03700
03710
. 63720
05730
03740
03750
0a760
03770
03780
03790
03800
03810
03820
03830
03840
a3830
03860
63470
03830
“an89qg
03960
e391a
03920
03930
03940
£3950
03960

g UNSUCCESSFUL EXIT FROM NEWTON-RAPHSOR
520 TYPE 530, 1.X.Y : ' . _
530  FORMAT(1X, ‘T10 FAILLURE FOR .14.° AT T = *,1PE10.3," WHERE

1 LOG{O(P) = ° {PE{0.3)
GO TO 2130
c - . .
C SUCCESSFUL EXIT FROM. NEWTON-RAPHSON
Cc
540 T1O(1)=X*TC(I)
C .
Cc CALCULATE THE HEAT OF VAPORIZATION AT 10 MMHG WITH THE
Cc CLAPEYRON EQUATIOX AND USE WATSONS METHOD FOR THE
C VAPORL PRESSURE BELOW 10 MMHG. SEE GAMSON AND wWATSON.
Cc 1944, NATIONAL PETROLEUM NEWS, R-238 TO R-264.
P :

TR2=T10(1)/TC(1Y
EX=92.12%{TR2-B{1) }*EXP(~20.%(TR2-B{ 1) }xx2)-
HVAP=1. 98'*T10(i)*Tlo{l)*(a.Soa*A(I)/(TB“*TR“)+EX)/TC(I)
BVAP1 CE)=HVAP/MW (] )
© OVAPZ(1)=HVAP~ ([ .-TR2)%%0.38
550 CORTINUE

Cc ENDP OF TRUE-BOILING-POINT CUTS CHARACTERIZATION

WRITE ¢10U,36() (ANAME(I),I=1,5) )
360 FgHgATKEHI.'SUNHﬁRY OF TBP €UTS CHARACTERIZATION FOR: °
1.3A5) .
WRITE (10U,570) o
370 FORMAT(~,1X. CODL VERSION IS CUTVP2 OF FEERUARY B3')
WRITE (I0U,380) ITEM,SAMP
380 FORMAT(IX. " ITEM *,I5.,°, SAMPLE *.135)
Ny WIITE (10U, 390) . .
390 FOR”AT(/ 8X.'TB",7X. API'.GX.'SPGR TX *VOL* .BX, "MW .8X
JTCT BX.'PC' Bx *VC* 8K, "AY,9X."B",¢§ 8X., Ti10",7TX.'VIS®
2a4X.'NC NS
bo 6!0_1=T,HCUTQ
WRITE (IQU.000) | TB(T) APTCLY PGH(I) VOL(I) MW(I)Y,TC(I)
L.PCCID.VCUTI ¥, ACLY,BCE). . TLOCTY, VISE(L)  NCCI) LNS(1)
600 FORMAT(iX.12,12((X. 1PE9.2), (IX 12))
610 CONTINUE
WRITE (10U.620) APIB ’
620 FORMAT /v ,1X, "BULY APl GRAVITY = * . F5.1)
) WRITE ¢IQu, 630) ) .
630 FORMAT(/~.1X."TB = NORMAL BOILING TEMPERATURE. DEG F*)
WRITE (10U.640) ‘
640  FORMAT(1X. 'API' = API CRAVITY")
_ NRITE (10U,630) ° . .
650 FORMAT(IX. VOL = VOLUME PER CENT OF TOTAL CRUDE")
WRITE (10U.660) T
660 FORMAT(IX. "MW = MOLECULAR HEIGHT )
WRITE (1QU,670) _ o
670 FORHATT]X.'TC = CRITICAL TEMPERATURE, DEC BARKINE")
WRITE (10U.680)
680 FORMAT(1X.'PC = CRITICAL PHESQURE ATMOSPHERES *
WRITE (10U,690)
690 FORMAT(1X.'VC = CRITICAL VOLUME. CC/MOLE"*)
WRITE (106U,7060) )

706 FORMAT(1X."A AND B ARE PARAMETERS N THE VAPOR PRESSURE

1 EQUATION") -
WRITE (I0U.71) )
716, FORMAT(1X.*T10 IS THE TEMPERATURE IR DEC R WHERE THE VAPOH
{ PRESSURE IS to MM HG') i
¥RITE (10U,720)
720 FORMAT(1X. 'VIY IS THE KINEHATIC VISCOSITY IN CENTISTOKES
i AT {22 DEC F*)



03970
@3980
03990
04000
04010
04020
94030
04040
04050
04060
04070

04080

04090
04100
04110
04120
04130
04140
04150
04160
04170
04180
04190
04200
04210
04220
04220
04240
04250
04260
04270
04280
@4290
04300
@4310
04320
04330
04340
04330
04360
04370
04380
04450
04400
04419
04420
04430
04440
04430
04460
94470
04480
04490
04500
0451 ¢
04520
04330
04340
04530
04560
04570
© (04580
04390
94600
04610
04620

OOOANONGaGOONOONGaOGaOcOONOM0000

WRITE (10U,730) _

730  FORMAT(1X.'NC = ERROR CODE, SHOULD BE LESS THAN 20°)
WRITE (10U.740)

740  FORMAT(1X.'NS = ERROR CODE, SHOULD BE EQUAL TO 1)
WRITE (10U,730) NCUTS

750  FORMAT(1X.'IGNORE THE ERROR CODES FOR COMPONENT NUMBER °.12
1.' IF IT 1S A RESIDUUNM’)

760 WRITE (IPU.770) ITEM,ISAMP

770 FORMAT{(213) .
WRITE (IPU,780) (ANAME(I),I=1,5)

FORMAT(5A3) _ :

THE CUTVP2 FLT PLOT FILE IS WRITTEN AS:
ITEM AND SAMPLE NUMBER OR 213
2 THE CRUDE NAME ON 5A3
3. RCUTS ON IS5
4. BOILING POINT IN DEG F OF EACH CUT ON
101X, {PE10.3).
5. TEHNPENRATURE IN DEG F OF EVAPQRATION XPRINT
WIND SPEED IN XNOTS, WINDS
KA AWD KB IN THE DISPERSION EQUATION,
SURFACE TENSION IN DYNES-CM, STEN
VOLWIE OF THE SP]LL IN BARRELS. BBL
Cl. C2. AND C4 IN THE MOUSSE EQUATION,
KMTC. MASS TRANSFER COEFFICIENT CODE (FLOATED!.
ALL ON 16(IX.IPE10.3).
NUMBER OF CUTS+1 ON I35
TIME. MASS OF CUTS, AREA OR 10(1X.1PE10.3)
TOTAL MASS FRACTION REMAINING IN THE OIL
" SLICK FOR EACH TIME STEP PRIHTED ON
10¢1X,.1PE10.3)

JTEMS 6 AND 7 ABOVE ARE WRITTEN FOR EACH TIME STEP
W1TH THE FIRST TIME STEP BEING ZEROG. WHEN THE
VERY LAST TIME STEP IS WRITTEN THEN ITEM 8 IS WRITTEN.

THE NUMBER OF LINES WRITTEN ON THE ¢UTVP2.PLT PLOT FILE
REFERS TO .THE NUMBER OF 'TIHE:' WRITTEN THROUGH
ITEMS & AND 7 ABOVE.

-]
o]
[

[+: 28 3-8

WRITE (IPU,790) NCUTS :

790  FORMAT(15) B
WRITE (IPU,800) (TB(I),I=1,NCUTS)

800  FORMAT(10(iX,1PE16.3))
TYPE 810 _

816  FORMAT(iX. ENTER THE TEMPERATURE IN DEG F FOR
1 THE VAPOR PRESSURE CALCULATION®)

ACCEPT 230, XSAVE

g TK IS THE ABSOLUTE TENPERATURE IN DEG K.
¢ TK=(XSAVE~-32.)/1.8+273.

XPRINT= x~avn
g CALCULATE AN ABSOLUTE TEMPEBATUBE IN DEC RANKINE.
¢ XSAVE=XSAVE+459.
g CALCULATE THE VAPOR PRESSURE AT TEE INPUT TEMPERATURE.
g AT THIS POINT IF THE INPUT TEMPERATURE. IS LESS THAN THE
C 10-MMHG TEMPERATURE USE THE WATSON-CLAPEYRON EQUATION.
g THE WATSON-CLAPEYRON EQUATION IS:
E LN(P2-P1) = (HVAPZ/(R*TC))*1NTEGRAL

~
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94630

04640

04630
04660

34670 .

04686
04650
04700
04710
04720
04730
04740
04730
04760

4770

04780
04790
04800
04010
04820
- "04830

04840
048350
04860

- 04870

048380
04890
04900
04910
04920
84930
04940
04930
04960
84970
94980
94990
5000
03010
03020
035030
05040
935050
03060
03070
03080
05090
05100
@5110
45120
3130
03140

93150

035160
05170
05180
@3190
Q5200
3210
(s Fhedads]
035230
03240
03250
053260
03270
3280

B cannnon

]

840
830

866

879

890
9200

910
920

NelvEvivly}

a0

WHERE P1 = PRESSURE AT TR1, P2 =

THE HEAT OF VAPORIZATION AT AB“OLUTE ZEBO
R = 1.987 BTU~#{LEMOLE,

DEG R),

PRESSURE AT TRZ2. HVAPZ 18

TC = CRITICAL TEMPERATURE AND INTEGRAL =z
INTEGRAL BETWEEN TRI AHD TRZ,

WRITE (IOU 820)

‘“VAPORIZATION

FORMAT(1H1, 'CRUDE OIL CHARACTERIZATION AND PSEUDOCOMPONENT

1 EVAPORAT]Oh MODEL*)

WRITE (1QU.830) (ANAME(I).I1=1,5)

FORMAT(1X. ' IDENTIFICATION:

*.8A5,7)

WRITE (1QU.580) ITEM.ISAMP
WRITE (1QU.840) XPRINT

FORMAT(1X, "VAPOR PRESSURE IN ATMOSPHERES AT *.1PE!©.3,

WRITE (10U,850)
FORMAT (., 13X, *VP*
DO 900 I=1,NCi
X=XSAVE

IF{X.LT.T106¢(1)) GO TO 860

X=X/ TC(])

EX=EXP(-20.%(X~B(1))**2)

Y==A(I Y% (1. =X) K=EX
VP(L)=PC(])*10. **Y
GO TO 880 .
TR1=X/TC(])

DO INTECRAL BY SIMPSORS RULE WITH 21 POINTS

"TR2=T10(1)/TC(1)
DH=(TR2Z-TRt)~20.
RESULT=YT (TR1)
TR=TRI

. DO 870  X=1,16

TR=TR+DH

RESULT=RESULT+<4.%xY[ (TR)

TR=TR+DH

RESULT=RESULT+2.*YT (TR)

CONTINUE
TR=TR+DH

RESULT*RESULT+4. *YI(TB)

TR=TR+DH

RESULT=DH* (RESULT+YI (TR} >~3.
Pt==4. 33=HVAPZ( I )#RESULTA(1,987*TC(1))

VP(I)=EXP{P{)

WRITE (10U.890) I,.VP(I)

FORMAT(1X,12.5X.1PE198.3)

CONTINUE
TYPE 910

FORMAT¢1X,"THE TBPF CUTS HAVE BEEN CHABACTERIZED )

"TYPE 920

FORMAT(1X.'DO YOU WART TO WEATHER TE.'Iq CRUDE? ")

MWSCTH#1
ACCEPT 340, ANS

IF(ANS.EQ."Y") GO TO 930
GO CALCULATE THE MFAN MOLECULAR WEIGHT OF THE CRUDE

BEFORE EXITING. MWSCTH IS THE ROUTING SWITCH TG
WEATHER THE CRUDE OR STOP.

MYSCTH=2
BBL=1000,
GO TO 12190

THIS ENDS THE CRUDE CBARACTEHIZATIOK. BEGIR THE' QIL~

WEATHERING INPUT.

A-9
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‘95298 . C
03300 930 TYPE 940
03310 940  FORMAT(IX.'ENTER THE SPILL SIZE [N BARRELS"

05320 ACCEPT 230, BBL

05330 TYPE 95¢

93340 9358 FORMATY 1X. 'ERTER KUMBER OF HOURS FOR OIL WEATHERING TO OCCUR')
05350 ACCEPT 230, X2

03360 IF(LSWTCH.EQ.99) GO TO 986

035370 TYPE 966 ]

03380 260 FORMAT(1X,*SINCE YOU DID NOT USE A LIBRARY CRUDE.')
05390 TYPE 970 )

03400 970 FORMAT(1X. *YOU MUST ENTER THE FOLLOWING THREE MOUSSE
035410 1 FORMATION CONSTANTS')

a3420 GO TO 1000 :

05430 380 TYPE 9%0
035440 290 FORMAT(1X. D0 YOU WART TO ENTER MOUSSE FORMATION CONS

03450 ITANTS?*)

05460 ACCEPT 340. ANS

03470 IF(ARS.EQ.'N') GO TO 1060

03480 c )

a3490 c TG SPECIFY NO MOUSSE. ENTER C2 = 0
05500 <

05510 1608 TYPE 1010 _
03520 1019 FORMAT(IX.'t. ENTER TEE MAXIMNUM WEICHT FRACTION WATER

03530 1 IN OI1L°)

03340 ACCEPT 200, C2 .

a3350 IF(C2.GT.0.) GO TO t1030

03564 C ' ] ] ]
93370 C SET C2=-1. IF A MOUSSE CANNOT BE FORMED AND LOOP OUT.
03580 C

93590 C2=~1.

85600 TYPE 1020

053610 1020 FORMAT(-/.1X.'SINCE A 0% WATER CONTENT WAS SPECIFIED
05620 1, THE BREMAINING TWO MOUSSE', /.1X, *CONSTANTS ARE NOT
03630 2 NEEDED*) -

03640 GO TO 1070

03650 to30 C2=1.-C2

03660 TYPE 1040

053670 1049 FORMATC(IN. '2 ERTER THE MOUSSE-VIQCOSITY CONSTART
03680 1, TRY 0.65

035690 ACCEPT 230, Cl

05700 TYPE 10350

05710 1950 FORMAT(iX, 3. ENTER THE WATER INCORPORATION RATE CONQTANT
Q5720 1, TRY 0.001{°)

05730 ACCEPT 230, C4

03740 GO TO 1070

05730 1060 Ci1=CIL(IO)

35760 C2=C2L(1IC

93770 : C4=C4L(ICY . N

037 1070 IF(LSWTCH.EQ.99) CO TO 1100

03790 TYPE 1080 . : :

03300 1080 FORMAT(/,IX,'YOU MUST ALSO ENTER AN OIL-WATER SURFACE
03810 1 TENSION (DYNES-CM')

063820 TYPE 1690

05830 1090 FORMAT(1{X,'FOR DISPERSION. TRY 30.)

03840 GO TO 1130

05850 1100 TYPE 1110

05860 1110 FOBRMAT(1X.'DO YOU WAHT TG ENTER AN OIL-WATER SURFACE
33670 i TENSION (DYRES/CM)I?")

05880 ACCEPT 340. ANS

03890 IF(ANS.EQ.'N') GO T0O 1140

05200 TYPE 1120

0391 ¢ 1120 FORMAT(1X, TRY 30.°)

a3920 1130 ACCEPT 230Q. STEN

95930 GO TO 1150
05940 114080 STEN=STENL(IC)
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a5936

. 839¢6
95970

05980

05990

06000
06010
26020
06030
06040
06050
06060
06070
06000
06090
06160
06110
06120
06130
06140
06150
06160
06170
06180
06190
06200
06210
06220
06230
06240
96250
96260
06270
86280
46290
86300
86310

06320

06330
06340
96330
06360
06379
06380
96390

06400

06410

06420 -

06430
06440
06450
06460
06470
06480
06450
06500
26510
863520
06330
06540
06550
06560
06570
06380
06590
96600

—-—t0

150
160
1170

1180

i190

anan

219

v Te ]y

1220

Qqa

240

0On OO~

T
o
&

1266

START THE MASS-TRANSFER COEFFICIENT SPECIFICATION.

TYPE 116@

FORMAT(1X, "ENTER THE MASS-TRANSFER COEFFICIENT CODE: 1
1. 2. OR 3 WHERE: :

TYPE 1170

FORMAT(1X, "1=USER SPECIFIED OVER-ALL MASS-TRANSFER COEF
{FICIENT") _

TYPE 1180 . . .
FORMAT( 1X. *2=CORRELATION MASS-TRANSFER COEFFICIERT BY

1 MACKAY & MATSUGU'»

TYPE 1190

FORMAT(1X, "3= INDIVIDUAL PHASE MASS-TRAKQFER COEFFICIENTS ")
ACCEPT 37¢, KMTC.

RO¥W ENTER THE WIND SPEED IN KNOTS AND CONVERT TO METER/SEC
AND METER/HOUR.

TYPE 1200 = L
FORMAT(1X. ENTER THE WIND SPEED IN KNOTS®)
ACCEPT 230. WINDS

NEVER LET THE_WIND SPEED DROP BELOW 2 KNOTS. A ZERO WIND
SPEED DESTROYS THE MASS-TRANSFER CALCULATION AND WILL
YIELD A ZERO MASS-TRAKSFER COEFFICIENT.

IFI{WINDS.LT.2.) WINDS=2.
WINDME=0.014*W]INDS

_KFINDMH= 1853 . *WINDS"

NOW CALCULATE. THE INITIAL GRAM MOLES FOR EACH COMPONENT TO
GET TEE INTEGRATION STARTED. : :

BM=0.159*BBL

- TMOLES=0..

Do i220 I=t, NCUTQ
ANASS=1582 *SPGR(!)*BBL*VOL(I)
MOLESA(1)=AMASS Mw{I) o

. TMOLES=TMOLES+MOLES(1)

RHOH!S THE DERSITY IN GM MOLES-CUBIC METER.

RHO(13=100.xMOLES( 1)/ (BMXVOL(I))
CONTINUE

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE CRUDE
WIMOLE=Z0.

DO 1230 I=1 ,NCUTS .
WTMOLE= =WTMOLE-+MW ( 1 )*MOLES( 1 )/ TMOLES

CONTINUE _
WRITE (1OU,1240) WIMOLE :
FORMAT(~,1X, 'MEAN MOLECULAR WEICHT OF THE CRUDE = '.1PE16.3)

IF MWSCTH=1, WEATHER THE OIL.
IF MWSCTH=2, EXIT. .

CO TO (1250,2110) MWSCTH
SPECIFY SLICK SPREADING.

SPREAD=0.

TYPE 1260

FORMAT(1X, *DO YOU WANT THE SLICE TO SPREAD?")
ACCEPT 340, ANS
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06610
06620
06630
86640
06650
06660
06670
06680
06690
06700
06710
06720
06730

06740

06750
06760

G67TTO.

06700
0679¢

296800

06810
06820
06830
00840
896850
86860
964370
36880
06490

06900

96910
06920
06930
06940
06950
06960

06970

06980
06990
07000
07010
07020
07030
07040
07050
07060
07070
07080
07090
07100
07110
07120
- 97130
07140
07150
07160
87170
07180
6T150
07200
07210
07220
07230
07240
7250
87260

aoaMaaOaOoGAaAnnacA

Ghan

1270
1280

aoa

1290

1300

1310

—~
8
3@

[xlvIvl

1330

1340

1350

aaan

1360

IF(ANS.EQ. K"} GO TO 1270
SPREAD=1.
GO TO 129¢

CALCULATE AN AREA IN SAME WAY IT WILL BE CALCULATED
AS THE SLICK WEATHERS. Z=THICKNESS IN METERS,

TYPE 1280 :
FORMAT(1X. 'SINCE THE SL

1 A STARTING THICENESS |
ACCEPT 230, Z

Z=7/100.

GO TO 1300

THE SLICK ALWAYS STARTS AT 2-CM THICKNESS.

Z=0.92

VOLUM=9. _

DO {310 I=1,NCUTS

VOLUM= VOLUM+HOLES (1) /RHOC T )
CONTINUE -

CALCULATE THE INITIAL AREA AND DIAMETER.

AREA=VOLUM/Z
DIA=SQRT(ARFA/0.785)

THE MASS-TRANSFER COEFFICIENT CAN BE CALCULATED ACCORDING TO:
1. A USER-SPECIFIED OVER+-ALL MASS-TRANSFER COEFFICIENT.

2. THE MASS-TRANSFER COEFFICIENT.CORRELATION ACCORDING
TO MACKAY AND MATSUGU. 1973, CAN. J. CHE, V51.
P434-439.

3. INDIVIDUAL OIL- AND AIR-PHASE MASS~TRANSFER COEFFI-
CIENTS BASED ON SOME REAL ENVIRONMENTAL DATA SUCH
AS THAT OF LISS AND SLATER. SCALE THE AIR-PHASE
VALUE WITH RESPECT TO WIND SPEED ACCORDING TO
géRRATT. 1977, MONTHLY WEATHER REVIEW. V103,
15-920.

TEMP IS RXT AND USED TO CHANGE THE UNITS ON THE MASS-
TRANSFER COEFFICIENT. . T

TEMP=(8.2E~-05)*TK
GO TO (1336¢,1370,.1430), KMTC

USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

ICK DOES NOT SPREAD., ENTER
N CM*) _ o

TYPE 1340 o N N
FORMAT(1X. 'ENTER THE QVER-ALI, MASS-TRANSFER COEFFICIENT
1. CM/HR. TRY 10°)

ACCEPT 230, UMTC

WRITE (I0U,1350) UMTC

FORMAT(1H1. 'OVER-ALL MASS-TRANSFER COEFFICIENT WAS USER
1-SPECIFIED AT ',1PE(@.3.' CM-HR BY INPUT CODE 1)

CONVERT CM/HR TO GM~MOLES.” (HR) (ATM) (M*=2) SINCE VAPOR
PRESSURE IS THE DRIVING FOBCE FOR MASS TRANSFER.

UMTC=UMTC-TEMF/100.
DO 1360 [=1,NC1
MTC(1)=UMTC
CONTINUE

GO TO 1530
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07270
07280
07296
07300
47316
07320
07330
87340
07350
07360
07370
07380
07390
07400
07410
07420
97430

440

07430
07460
07470
07480
87490
07500

510
07320
07330
073540
07330

07560

7570
07330
07590
a7600
87610
07620
07630
07640
07650

7660
07670
07680
07690
47700
oT710
07720
07730
07740
07750
07760
97770
47780
07790
87800
07810
. 97820
07830
87840
07850
07860
07870
07880
7890
87900
07910
07920

QOO=000n

=00

ave

[+ ]
2]
]

-
[+
L
-

14990
i410

1420

aoan ofnaan

1470

1480

[zIzlyiv]y]

acc

USE THE MACKAY AND MATSUGU MASS-TRANsFER.CO£PFICIENT.

TERM1=0.0152WINDMH**0 .78

IF(SPREAD.EQ.0.) GO TO i380

TERM2=Dla*xx(-9.11)
GO TO 1390

IF THE SLICK DOEb ROT SPREAD BASE THE DIAMETER DEPEKDENCE

ON 1000 METERS ARD DIVIDE TEE RESULT BY 0.7

TERM2=9 .63

KH INCLUDES THE SCHMIDT NUMBER FOR CUMENE.

KH=TERM{*TERM2
WRITE (10U, 1400) KEMTC

FORMATC1H1, 'OVEB—ALL HAS\—TRANbFEB COEFFICIENTq BY INPUT

1 CODE",I2)
WRITE (IOU 1410) Ka

FORHAT‘/ iX. 'O'EB ALL MASS~TRANSFER COEFFICIENT FOR CUMENE

.APE10.3," M/HR"
HB!TE (IOU 1490)

FORMAT (3K, " CUT'.i2X.'H/HR'

DO 1440 I=1,NC1

.TX.

'GH—HOLES/(HR)(ATHJ(M**E)'

THE MASS-TRANSFER COEFF]CIENT I\ CORRECTED FOR THE
DIFFUSIVITY OF COMPONENT I IN AIR. - THE SGRT IS USED
BUT THE 13 POWER COULD ALSO
BE USED ¢I.E. THE SCHMIDT NUMBER).

MTCACI)=KH*@, 93*¢0RT((HH(I)+29 )/NH(I)}

(1.E. LISS AND SLATFR).

MTC(1) IS THE OVER-ALL MASS~TRANSFER COEFFICIENT DIVIDED

BY B*T. R=82. O06E-86 (ATH)(M**3)/(G-MOLE)(DLG Ky

HTC(I) ﬁTCA(I)/TEMP

WRITE (10U,1430) I,MTCA(T).MTC(I)
FORMAT(2X,I13,2({0X.{PE10.3) ) :

CONTINUE
CO TO 1530

USER SPECIFIED INDIVIDUAL—PHASE MASS-TRANSFER

COEFFICIENTS.
TYPE 1460

FORMAT(1X, "ENTER THE OIL-PHASE HASQ-TRANQFER COEFFICIENT

1 1K CM/HT, TRY 16')
ACCEPT 230, KOIL
TYPE 1470

FORMAT(1X. ENTER THE AIR-PHASE MASS-TRANSFER COEFFICIENT

{ IN EM~HR, TRY 1006")
ACCEPT 230, KAIR
TYPE 1430

FORMAT(1X. 'ENTER THE MOLECULAR WEIGHT OF TEE COMPOURD -

1 FOR K-AIR ABOVE, TRY 208°
ACCEPT 230. DATAMW

)

SCALE K~AIR ACCORDING TO WIND SPEED (GARRATT. 19779,
S0 THAT AS THE WIND SPEED GOES UP THE MASS TRANSFER
GOES UP, l.E., THE CONDUCTANCE INCREASES. -

RAIR=KATR*C1 . +9 ,089*WIRDMS )

RKAIB 1. KATR

CALCULATE B=T IN ATM*CMx*3/GCM-HOLE

A-13
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87930
07940
07950
07960
07970
97980
97990
08000
08010
05020

08030 -

88040
980350
98060
03070

68080

08090
05100

08110 ..

08120
08130
08140
081590
08 60

Q8170

08180
08190
08200
08210
08220
08230
08240
08250
08260

08270.

08280
08290
08300
08310
08320
08330
08340
08350
08360
08370
08380
08390
08400
00410

08420

08430
08440
03450
08460
08470
08480
08490
08500
48510
08520
08530
08540
08530
08560
98570
08580

Q00

1490

1500
1510

QaAn aoon [»ieivly]

ooas’

1526
1330

1540

1550

1560
1570

1580
13599

6500

(e riri el vl v L

RT=82.06*TK
HTERM=WTMOLE” (DCRUDE*RT)
WRITE (10U, 1400) KMTC

WRITE, THE USERS INPUT, WIND SPEED, AND HEHHYS LAW
TERM TO THE OUTPUT.

WRITE (10U,1490) KAIR. KOIL DATAMW

FORMAT(~ . 1X, 'K-AIR = ' {PE10.3.', AND K-OIL = .IPEIO 3
1.’ CM/HR, BASED ON A MOLECULAB WEIGHT OF °,tPE10.3)
WRITE {IOU 1500) WINDMS

FORMAT(1X. 'WIND SPEED = ° »1PE10.3.° MrS8°)

WRITE (10QU.15[06) HTERM

FORMAT(1X. THE HENRYS LAW CONVERSION TERM FOR oIL =
1.1PE10.3." 1/ATH")

WRITE (1QU, 1420)

CLACULATE THE OVER-ALL MASS—TB&NQFER COEFFICIENT BASED
UN GAS-PHASE CONCENTRATIONS FOR EACH CUT.

DO 1520 I=1,NCi _
BLAW( 1) =HTERM#VP(1) _
MTCA(IY=REAIR+*HLAW(I > KOIL

NOW TAFE THE INVEBQE TO OBTAIN CM-HR AND THEN MULTIPLY
BY 9.1 TO GET M/HR

MICA{I)=0.01/MTCA( )

CORRECT FOR MOLECULAR WEIGHT ACCORDING TO LISS & SLATER,
1974, NATURE, V247, P181-184.

MTCA(1)=MTCA(1)*SART (DATAMW/MW 1))
‘MTCOLy=MTCA(1)~TEMP

AND WRITE THE OVER—ALL MASS—THAHSFER COEFFICIENT
IN M/HR AND MOLE/HR*ATM*M%M.

WRITE (I10U.1430) I NTCA(I) LECCT)

CONTINUE

SPCRB=141.3/(APIB+131.3)

MASS=0. 1582*BBL*SPGRB

WRITE (10U.1540) BBL,MASS

FORMAT(/,1X,. 'FOR THIS SPILL OF . IPE10.3," BARRELS. THE
1 MASS IS °,I1PE16.3,"' METRIC TONNES")

VOLUMB=VOLUM/6. 135y

- WRITE. (10U.1530) VOLUM.VOLUMB

FORMAT(~,1X, 'VOLUNE FROM SUMMING. THE CUTS = ',IPEB.1,* M*x=x3
1, OR * IPEIO 3. BARRELS')

GO TO (lado 1360,1580), KMIC

WHITE (10U, 1570) WINDS, WINDHH

FORMAT(~,1X, "WIND QPEED = ',IPE10.3,' KNOTS, OR '.(PE10.3
1.° M/HR®) .

WRITE (I0OU,1590) DIA,.ARFA

FORHAT(/ IX."INITIAL SLICK DIAMETER '.1PE10.3." M, OR AREA
1 = .IPE!O 3, MEx27)

IF(SPREAD.GT.®.) GO TO 16t0
WRITE (10U,1600)
FORMAT(~,1X, 'THIS SLICK DOES NOT SFREAD FOR THIS CALCULATION®)

CALCULATE THE KINEMATIC VISCOSITY OF THE C€RUDE AT 122
DEG F AND THE ENTERED ENVIRONMENTAL TEMPERATURE.

USE THE VISCOSITY MIXING RULE .OF (MOLE FRACTION;*(LOG),
SEE PAGE 460 OF REID, PRAUSNITZ & SHERW0OOD IN

THE BOOK °*THE PROPERTIES OF CAbE_ AND LlQUIDS®

~
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e8s%e C
08600 1610 VISMIX=O.

08610 DO 1620 I=1,NCUTS

08620 VIanxx-v15n1x+n0LEscr)xVLocxtz)/THOLss

08630 1620 CONTINUE

08640 © VISMIX=EXP(VISMIX)

08650 WRITE (10U,1630) VISMIX

08660 1630 FORMAT(/.IX, 'KINEMATIC VISCOSITY OF THE BULK CRUDE FROM
08670 t THE CUTS = ', {PEB.1," CENTISTOKES AT 122 DEG F')

08680 VISHIX=0.

08690 C

08700 C SCALE THE VISCDSITY WITH TEMPERATURE ACCORDING TO
e8z10 € -ANDRADE.

88720 C ) o

08730 EXPT=EXP(1923.%(1 . /XSAVE-0.001721)) .

08749 DO 1649 1=1,NCUTS

08750 VIS(I)=VISK(1)*EXPT

08760 . VLOG(I)=ALOG(VIS(1))

08770 © VISMIX=VISMIX+MOLES(])*VLOG(I ) TMOLES

‘08730 1640 CONTINUE

08790 VISMIX=EXP(VISMIX) -

98500 WRITE (I0U.1630) VISMIX.XPRINT.EXPT

08610 1650 FORMAT(/,1X, KINEMATIC VI\COHITY OF THE BULK CAUDE FROM THE
08820 1 CUTS = .IPEB 1,° AT T = '.@PF3.t," DEC F, SCALE

08830 2 FACTOR = ",1PEB.1)

08840 C S

08850 ¢ IMPORTANT NOTE: THE VISCOSITY PREDICTION OF THE WHOLE
08860 C CRUDE FROM CUT INFORMATION IS NOT GOOD AT ALL. SO THE
08870 C VISCOSITY INFOMATION CALCULATED ABOVE IS NOT USED IN
08880 C THIS VERSION OF THE CODE. BUT IT COULD BE IF A GOOD
0889¢ C MIXING RULE IS EVER DETERMINED.

68960 C THEREFORE, FOR THE TIME BEINC. THE VISCOSITY OF THE WHOLE
08910 C WEATHERED CRUDE IS CALCULATED ACCORDING TO MACKAY.
08920 C

03930 C NOW LOAD THE VISCOSITY INFORMATION I[N THE FORM

08940 C OF THREE CONSTANTS:

08950 C "ty THE VISCOSITY IN CP AT 25 DEC C

08960 C 2. THE ANDRADE-VISCOSITY-SCALING CONSTANT

08970 C WITH RESPECT TO TEMPERATURE. SEE GOLD &

08%86 C " ;OGLE. 1969. CHEM. ENG.. JULY 14, Pi21-123
08990 C 3. THE VISCOSITY AS AN EXPONENTIAL FUNCTION OF
09000 g THE FRACTION OF OIL WEATHERED

09010

09020 IF(LSWTCH.EQ.99) GO TO 1670

09030 TYPE 1660

09040 1660 FORMAT(1X.'SINCE A LIBRARY CRUDE WAS NOT USED

09050 1.'.7,1%, "ENTER THE FOLLOWING THREE VISCOSITY CONSTANTS™)
99060. G0 TO 1690

Qo070 1670 TYPE 1680

09080 1680 FORMAT(1X, Do YOU'W#NT TO ENTER VISCOSITY CONSTANTS? )
99390 ACCEPT 340, ANS

09100 IF(ANS.EQ.'N*) GO TO 1739

09110 1690 TYPE 1700

89120 1700 FORMAT(1X.'1. ENTER THE BULK CHUDE VIQCOQITY

89130 1 AT 25 DEG €, CENTIPOISE. TRY.35.

99140 ACCEPT 230, VISZ

99150 TYPE (V10 ..
49160 1719 FORMAT(1X.'2. ENTER THE VISCOSITY TEMPERATURE SCALIRG
Q9170 1 CONSTANT (ANDRADE), TRY 9009.°)

49180 ACCEPT 230, MK3

99199 TYPE 1720

99200 17260 FORMAT(1X,'3. ENTER THE VI“COSITY*FRACTIOK-OIL
99210 1 -WEATHERED CONSTANT, TRY 19.5°)

99220 ACCEPT 230, MK4

09230 GO TO 1740

49240 C
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292350
09260
09270
09280
09290
09300
09310
09326
09330
09340
09330
09360
09370
09380
09390
99400
09410
09420
09430
09440
09430
09460
09470
99480
09490
09300
09310
09520
09530
09540
09330
09560
09570
09580
09590

T 09600

09610
09620
099630
09640
0696350
09660
@2670
09680
09699
09700
0995710
09720
45730
09740
099730
89760
09770
09780
99730
909800
09810
09820
0983¢
09840
49850
99860
49870
09880
99890
89900

1750

[xixizizly

1760

1770

1780
1799

1800
1810
1820

1830

USE THE LIBRARY VISCOSITY DATA

VISZ=VISZL(IC)
MK3=MK3IL(IC>
MEK4=MK4L({IC)

INSERT VISCOSITY CALCULATION ACCORDING TO MASS
FRAETION EVAPORATED. THIS IS THE VISCOSITY
MODIFECATTON RELATIVE TO CUTVP{

VNLEAD-VIbZ*EXP(HYS*(l /TK—-0.003357))

WRITE (10U, 1730) VISZ,MK3.MK4.VSLEAD

FORMAT(~, 1X, 'VISCOSITY ACCORDING TO MASS EVAPORATED:
1 VISasC z iPE9 2.7, ANDRADE =',1PE9.2

g..r FRACT HEATHERED =*.1PE%.2’, VSLEAD =",1PE9.2
OO CPY)

C2P=1.,C2

WRITE {0V, 1960) C1,C2P.C4

NEQ=NCUTS

SET UP THE DISPERSIOR PROCESS (CONSTANTS. :
CALCULATE THE FR&CT]OH OF THE SEA SURFACE SUBJECT TO
: DISPENEIONS/HOUR

TYPE 1760

FORMAT((X. M YOU WART THE WEATHERING TO OCCUR WITH
1 DISPERSION?")

ACCEPT 340. ANS

FRACTS=90. ) .

IF(ANS.EQ.'N') GO TO 1810

TYPE 1770

FORMAT (1X. "DO YOU WANT TO ENTER THE DIqPERQION

1 CONSTANTS?*)

ACCEPT 340, ANS

IF(ARS .EQ. 'N’) GO TO ‘1800

TYPE 1786

FORMAT(1X., 'ENTER THE WIND SPEED CONSTANT. TRY @.1°
ACCEPT 230', KA

TYPE 1790

FORﬁATﬁ!X 'ENTER THE CBITICAL PROPLET qIZE ‘CONSTANT

“TRY 350")

ACCLPT 230, KB

FRACTS=Ka* (1, +WINDMS y»x*x2

WRITE (10U,1820) FRACTS

FORMAT(~, (X, 'THE FRACTIONAL SLICE AREA SUBJECT TO
1 DIQPERbION IS ',IPES.1.’ PER HOUR')
[F(ANS.EQ.'N*) GO TO 1840

WRITE (10U.1830) EA.KB.STEN

FORMAT(IX *THE DINPER\ION PARAMETERS USED: KA =

1.IPE9.2.", KB = *,{PE9.2,*, SURFACE TENSION = *,i{PE9.2

2.° DYNES/CH')

PRINT EVERY XP TIME INCREMENT (HOURS).
X1 1§ THE STARTING TIME = .
X2 IS THE NUMBER OF HOURS FOR WEATHERING TO OCCUR.

XP=f.
X1=9. .
MOGLES (NCUTS+1)=ARFA

PRINT AN QUTPUT FILE FOoR 86 COLUMN OUT?UT THIS IS
THE. CUTVP2.TYP FILE

WRITE (ITY.1850) (ANAME(J) ,J=1, 5)

FORMAT(/,1X, 'OIL WEATHERING FOR ', 3A5)
WRITE (ITY.578)
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099190
09920
09930
09940
09950
09960
09970

09980

09990
10000
10010
10020
10030
10040
10050
10060
10070
10080
10090
10109

101010
10120

10130
10140
10150
10160
10170
10130

10190

10200
16210
16220

1862306

16240
10250
10260
19270
102380

19290

10309
10310
19320
10330
16340
103350
10360
10370

10380

10390
10400
10410
10420
10430
10440
10450
10460
10470
10280
10490
10500
10510
16520
16530
18340
18530
10560

1860

187ve
1880
18920

1909
1910
1929

- 1930

1940
1950

1960
1970
1980

1999
20090
2010

WRITE (ITY,1866) XPRINT. WINDS '
FORMAT(1X. 'TEMPERATURE= '.F5.1,' DEC F. WIND SPEED= °
1.F5.1." KNOTS") :

WRITE (ITY,1870) BBL _ .
FORMAT(1X.'SPILL S1ZE= ',1PE10.3,' BARRELS*)

WRITE €ITY,1880) KMTC

FORMAT(1X . 'MASS-TRANSFER COEFFICIERT CODE=‘,13)
WRITE (ITY.1890)

FORMAT(/, 1X, "FOR THE OUTPUT THAT FOLLOWS. MOLES
1=GRAM MOLES')"

WRITE (ITY,1900)

FORMAT(1X, "GMS=CRAMS, VP=VAPOR PRESSURE IN ATMOSPHERES')
WRITE (ITY.1910)

FORMAT( (X, 'BP=BOILING POINT IN DEG F, API=GRAVITY")
WRITE (ITY,920)

FORMAT (1X . *MW=MOLECULAR WEIGHT')

WRITE ¢ITY,1930) - ‘ -
FORMAT{(, 2x *CUT*,3X. "MOLES ", 6X. ‘GMS" ,8X. 'VP" ,8X. "BP"
1.7X, 'API*,5%, ‘MW" .

DO 1950 I=l.ncUTq

CMS=MOLES (I )*Mw (1)

IMW=MW(])

WRITE €¢ITY,1940) I,MOLES(I). GMS.VPCI) . TB(I) .APICI). 1MW
FORMAT(3X.12,5(1X,1PEJ.2) . 1X, }3)

CONTINUE

WRITE (ITY.1960) C1,C2P.C4 - '

FORMAT (-, 1X, 'MOUSSE CONSTANTS: MOONEY=',|PE9.o
1, . MAX H202'.GPF3.2.-, WiND**2".1PEQ °)

WRITE (ITY.1970) KA, KB.STEN N
FORPAT(IX ‘DISPERSION CONSTANTS: *.1PE9.2

1.7, w1PES.2,", S-TEN‘!ON".!PE9 2%

WRITE (ITY 1680) VISZ.MNK3,MK4 . .

FORMAT(1X. VIS COHQTANTS VIS25C=",1PE9.2

1,°, ANDRADE =',iPE9.2, FRACT =",1PES.2)

WRITE (ITY.t9940) : :
FORMAT(~.1X, *FOR THE OUTPUT THAT FOLLOHS TIHE HOURS ')
WRITE (ITY.2000)

FORMAT(1X. "BBL=BARRELS, SPGR=SPECIFIC GRAVITY. AREA=M=M")
WRITE (ITY.2010)

FORMAT(1X; "THICKNESS=CM. W=PERCENT WATER IN OIL (
1MOUSSE) ")

" WRITE (ITY.2020)

FORMAT( IX. ‘DISP=DISFERSION RATE IN GMS/MxM/HR*)
WRITE (ITY,2030)

FORMAT(1X. 'ERATE=EVAPORTION RATE IN GMS/M*M/HR" )
WRITE (ITY.2040)

FORMAT(1X. ‘M/A=MASS PER MM OF OIL IN THE SLICK")
WRITE ¢ITY.2050) :
FORMAT(IX, ‘I=FIRST CUT WITH GREATER THAN (% (MASS)

-1 BEHAININC )

WRITE (ITY.2060)

FORMAT(1X,*J=FIRST CUT WITH GREATER THAN 3J0% (HASb)
I REMAINING®)

IF(FRACTS.NE.0.) GO TO 2080

WRITE (ITY.2070)

FORMAT(1X. 'DISPERSION WAS TURNED OFF }
IF(SPREAD.NE.®.) GO TO 2109

WRITE (ITY,.2090)

FORMAT(/.IX.'SPREADING WAS TURNED OFF") -

WRITE SOME INFORMATION TO THE PLOT FILE.
TCODE=KMTC _ o
XPRINT IS THE ENVIRONMENTAL TEMPENATURE. DEG F.
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10570
10380
10390
10600
10610
10620
10630
10640

160650 .

10660
10670

18630

10690
10700
10710
10720
10730
10740
10750
10760
10770
16780
10790
10800
10810
16820
10830
10840
10830
10860
10870
10830
16890
19900
10910
10920
10930
10940
10950
10960
10970
16980
10990
11000
11010
11020
11030
11040
11656
11060

Nkt

| e
28
LOOOQBCE

WRITE (IPU,800) XPRINRT.WINDS KA ,.KB.STEN.BBL. CI C2.C4

1, TCODE
C
c TO THIS POINT IT WAS JUST GETTING READY, NOW
c INTEGRATE IT.
Cc

CALL BRKG4(MOLES .X1,X2.XP,NEQ)
2110 TYPE 2130 .
2120 FORHMAT(1X.'DO IT AGAIN?'}
ACCEPT 340. ANS
IF(ANS.EQ.'Y') GO TO 760
2136 CONRTINUE
END
SUBROUTINE CHAR(AP[ ,TD,A,.B,NS,FV)
REAL*4 MWl
COMMON ~COIL/ MWI,TC1,VCI.PC1,CNUM1 . VISI
DIMENSION C(2,6),T(2.6). P(4) V(° -6)
DATA ((C{l,J).J=1.6).I=1, )/6 241E+01 , -4, 595E-02.-2.836E-01
1,3.256E-00,4. 5782—04 3.2 9E*04
_.4 ﬁBEv02.-l 007 .~-7.449,1:38E-02. 1. 04TE-03.2.621E-02/
DATA LT, 3)0J=1.6),1=1,2),4.055E+02, 1. 337 -2.662.-2.169E-03
.d, 9435—04 1.454E-02
2 412.2,1.276,-2.865, ~2.838E-03.-3.70TE~04.2.888E02
DATA P/1. 37E~0“ U.2516,4.039E~02, -4, 824E-02,/
DATA ((V(D.J).J51.63,121,.2)/ =0.4488,-9.344E-04.0. 013583
1.-3.219E~ 00.5 685*06 1. 336E—04
2.-0.6019.1.7Y93E~03,-3.159£~03,-3.1E-06.9.067E-07 . 3. 522E-05~

THIS SUBROUTINE CHARACTERIZES A CUT OF CRUDE OTL %ITH RESPECT
TO VAPOR PRESSURE. THE INPUT REQUIRED IS API GRAVITY AND THE
BOILING POINT AT t ATMOSPHERE. THE OUTPUT IS A SWITCH NS

WHERE NS=1 MEANS THE VAPOR PRESSURE EQUATION CAN BE USED DOWN TO
10MM HG AND NS=2 MEANS THE CLAPEYBON EQUATION SHOULD BE USED.

THE VAPOR PRE:SUEE EQUxTION 18-
LOGIG(PR) s .~AX({.-TR)-TR - EXP(“ZQ*(TR—B)xxO)

WHERE PR = REDUCED- PBEbSUHE TR = REDUCED TENPERATURE ARD
A AND: B ARE RETURNED BY THIS SUBROUTINE.

API = GRAVITY, TB = BOILING POINT AT t ATMOSPHERE IN DEG F.
CALCULATE CRITICAL TEMPERATURE AND MOLECULAR WEIGHT.

API2=API*API
TB2=TB+*TB
CROSS=AP[+TB
1
IF(API.CT.35.) 1=2
VISI=V{I.1)+V (] ,2)#TB+V(1,3)%APL+V(] ,4)*CROSS+V(] . 5)*TB2
1+V(1,6)%API2
. GO TO (10.39), NV
19 1=t
IF(TB.GT.500.) I=2 _
MW1=€(I,1)+C(},2)*TB+C(1,3)*API+C(I,4)*CROSS+C(I,5)*TB2
1+€(1,6)%AP12 S .
TC1=T(].1)+T(1.2)*TB+T(I,3)*API+T(1,4)*CROSS+T([,5)*TB2
1+T([,6)%API2
TCK=(TC1+45%,)/1.8

CALCULATE TEE VISCOSITY OF THE CUT.

OOOCaanaaAaAnAOOaa

[3Yv]y]

I=1
IF(AP!.GT.353.) I=2
VIS1=V(1I.1)+V(],2)*TB+V{(], 3IFAPI+V(I, 4)*FROSQ+V(1 31*TB2

1+V(I,6)*API2
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11230 Cc
tig;g g CALCULATE THE CAHBOR NUMBER
1 3
11260 CNUMI=(MW1~-2.3-14 .,
11270 X=ALOG1O{CNUML)
11280 [ ] .
:lggg g CALCULATE B FOR THE VAPOR PRESSURE EQUATION
1
11310 BPRIME=P(1)+X®x(P(2)+XX(P(3)+XxP(4)))
11326 B=BPRIME-0.02
11336 c ]
113;3 g CALCULATE THE CRITICAL VOLUME. CC/GMOLE
it -
11360 VW=1.88+2.44%CNUM1
11370 VC1=VW/9.044
11380 C _ L N
11390 g CALCULATE THE CRITICAL PRESSURE IN: ATMOSPHERES
11490 ’
11410 PCP=20. B*TCK/(VCI-G ¥y
11420 PC1=PCP+10.
11430 TR=(TB+439. )/ (TC1+459.)
11340 PR=1.,PC1
11459 BE=t
11460 IFITR.LE.B) GO TO 20 .
11470 AS(ALOGIO(PR)+EXP (20, *(TR—B)**”))*Tﬁ/(TR-!.)
11480 GD TO 30
11490 20 NS=2 '
11309 30 RETURN
11310 " END
11320 SUBROUTINE BRKG4(Y.X! .X2.XP,.NEQ) .
113936 REAL*$ X! K2 .K3.K4, HTC MW, MWU .KB.MK4
11549 ~ COMMON ~sSPILLA MTC(30). VPL30) .VLOG(30) ,RHOC30) MW (307
11550 1 ,SPCR{30) ,FRACTS.STEN. KB.DISPER.Z. TERﬂ_.bPﬂEAD KMTC
11560 COMMON /PCODE- VSLEAD.ME4.I0U.I[PU,ITY
11570 COMHON /TALEK/ MWU(30),.NEG!.NEQZ2,NEQ3 .
11580 DIMERSION Y(30).YARG(30),.K1¢30) ,K2(36) K3(30) JKat30)
11530 c 1. GONE(200), YbAVE(GO) YFfQOJ YMSA\E{SO) YH!SOJ YM1(30)
11600
1160 c RUNCA-EUTTA 4~TH OHDER NUMERICAL INTEGRATION FOR SIMULTANEOUS
11620 [ DIFFERENTIAL EQUATIORS, SEE C.R. WYLIE. PAGES 108-117 OR
11630 Cc D. GREENSPAN, PAGES 113=115.
11640 c
11650 [ THiS SUBROUTINE DOES THE PRINTING, THE INITIAL AND FINAL VALUES
11660 c ARE ALWAYS PRIRTED. PRINT THE RESULTS EVERY XP INCREMENT
11670 C IN X
116806 C
11690 C THE (SER -MUST HBITE SUBROUTIRE FXYZ' hHICH CALCULATES THE
11700 c ‘K1, E2. K3, ARD K4 VECTORS AS A FUNCTION OF X aAND THE
11710 [ CURRENT Y VECTOB. INTEGBATION FOLLOWS THE REFERENCES AND -
11720 C WAS TESTED ON PROBLEM 3, PACE 116 IN WYLIE.
11730 [
11740 C THE FIRST RCUTS POSITIDNQ IN THE Y VECTOR ARE THE MOLES
11750 C OF THE COMPONENTS, POSITION NCUTS+1 IS THE AREA OF THE
11760 c SLICK. POSITION NCUTS+2 IS THE MASS LOST FROGM THE SLICK
11770 c BY DISPERSION ALORE. POSITION NCUTS+3 1S THE MASS LOST
11780 c FROM THE SLICK BY EVAPORATION ALOKE.
11790 c
118890 c LINE KEEPS TRACK OF HOW MANY LINES ARE WRITTEN-TO THE
11810 [ PLOT FILE. NEQ! IS THE NUMBER OF COMPORENTS+!. NS IS
11820 c A ROUTING SWITCH TO CHANGE THE PRINT INTERVAL. I[N IS
118306 [ AN INPUT ROUTING SWITEH TO DELETE RAPIDLY CHANGING
11840 C COMPONLNTS. GONE(LINE) IS THE HASS FRACTION REMAINING
11830 » AT TIME STEP LINE. INT IS A SWITCE TO INDICATE WHEK THE
11869 c INTEGRATION HAS STARTED: INT=1, NOT STARTED: INT=2,
11870 [ STARTED. ITYP IS A HEADER PRINT SWITCH FOR THE
11880 C 86-COLUMN FILE.
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11890 c

11900 INT=1
11910 ITYP=1

11920 LINE=6

11930 - . NEQI=NEQ+1

11940 NEQ2:=NEQ+2

11956 NEQ3=NEQ+3

11960 NS=1

11970 IN=1

11980 TKEEP= {

11990 GONE(1)=1.

12000 DISPER=6.

12010 C _

12020 C TOTAL IS THE INITIAL NUMBER OF MOLES.

12030 C TSAVE IS THE [NITIAL MASS:

12040 C

12050 TOTAL=@,

12060 TSAVE=0.

12079 DO 10 I=i.¥EQ

12080 ¢ | . |

13033 g CALCULATE AND. SAVE THE INITIAL CONDITIONS.

121

12119 YSAVE(T)=Y¢I) '

12120 YMSAVE(I ) =Y (1 )%£MW ()

12130 MWUCT ) =MW(T)

12146 TSAVE=TSAVE+YMSAVE( )

12156 TOTAL=TOTAL+Y (1)

12160 10 CONTINUE

12170 ¢ -

12180 C SAVE THE INITIAL AREA.

12190 C .

12200 YMSAVE(NEQ1 )=Y (NEQ1 ¥

12210 ¢ o L o

12230 ¢ INITIALIZE THE MASS LOST BY DISPERSION ALONE AND
12230 C EVAPORATION ALONE. .

12240 C _

12250 ~ Y(NEQ2)=0.

12260 Y(NEQ3)=0.

12270 C _

12280 C NDEL 1S THE NUMBER OF COMPONENTS DELETED BECAUSE THEY
12290 ¢ EVAPORATE TOO FAST. NFAST IS THE CURRENT ARRAY LOCATION
12300 ¢ OF THE FASTEST MOVING COMPONENT. '

12310 ¢

12320 NDEL=9

12330 NFAST=9

12340 X=X1

12259 €

12360 € INITIALIZE THE PRINT SWITCH TO FORCE A PRINT AND
12370 C SUBSEQUENT CALCULATIONS TEE FIRST TIME THROUGH.
12380 C n , S .

12390 KW==1. _ .

12400 WRITE. (10U,2@) I _ _
12418 20 FORMAT(/, 1X,'COURT THE CUTS IN THE FOLLOWING OUTPUT FROM LEFT
12420 1 TO RIGHT®,,)

12430 WRITE (10U,30)

12446 36 - FOAMAT(IX, 'THE INITIAL GRAM MOLES IN THE SLICK ARE:')
12450 WRITE (IOU.40) (Y(I),I=1,NEQ)

12466 40 FORMAT(11(1X,1PE10.3))

12470 WRITE (I0V,50)

12486 50 FORFMAT(/, 1X, 'THE INITIAL MASSES (GRAMS} IN TEE SLICKX ARE
12490 1:) _

12560 WRITE (10U,.48) (YMSAVE(I),I=1,NEQ)

1251 @ WRITE (10U.60) TSAVE

12520 6o FORMAT{ 1X, 'THE TOTAL MASS FROM TEBESE CUTS IS °*
12530 ‘1,1PE16.3," CRAMSY :

12540 WRITE (I0U,7@)
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123350
12560
12570

12580

12590
12600
12610
12620
12630
12640
12650
12660
12670
12680
12690
12700
12710
12720
12730
12740
12750
12760
12770
12780
12790
12800
12810
12820

12830 .

12840
12850
12860
12870
12880
12890
12900
12910
12920
12930
12940
12950
12966

12970 -

12980
12990
13800
13010
13020
13030
18040
13030
13060
13070
13080
13090
13109
13110
13120
13130
13140
13159
13160
13170
13180
13190
13200

nonngaanaaaannacs

t\l

o

QOG0
-3
S

[pl ]y Qaaanacen

a0

Q-

FORMAT(~}

CALCULATE DY/DX AND SET THE STEP SIZE TO APPROXIMATE

4 57 CHANGE IN THE MOST RAPIDLY CHANGING Y. WHEN THIS
Y DECREASES BY 4 FACTOR OF 20, RESET THE STEP SI1ZE
ACCORDING TO THE NEXT Y.

SOME Y'S WILL CHANGE SO FAST THAT THEY WILL BE GONE

IN A FEW MINUTES. THESE ARE DELETED BEFORE [NTECRATION
STARTS AND NOTED ON THE PRINTED RESULTS.

IRITIALIZE OR INCREMENT NFAST.

RFASTSNFAST+1
CALL FXYZ(X.Y.K!.NEQ).

TEE TIME UNIT IS EOUR. i

SET THE STEP SIZE TO H=0.05%Y/ (DY/DX) .

H=0.05*%Y (NFAST) /K1 (NFAST)
YOLD=Y (NFAST)
H=ABS(H) :
H2=Hs2, o

GO TO (100.178), IN

IF _THERE IS A RAPIDLY MOVING COMPONENT AT THE BEGINRING
ITS STEP SI1ZE£ WILL BE VERY SMALL. DO NOT LET THE
STEP S1ZE BE LESS THAN 0.035 HOUR.

IF(H.6T.0.95) GO TOo 130

Y(NFAST) CHANGES TQO_FAST TO CALCULATE. DELETE IT AND MOVE
EVERYBODY ONE SPACE TO THE LEFT. ' . )

WHEN YOU MOVE THE ARFA BE SURE TO SUBTRACT THE CONTRIBUTION
OF THE CUT JUST DELETED. C .

ISTART=1
NFAST=1
NDEL=NDEL+1

DECREASE THE NUMBER OF COMPONENTS BY 1

NEG=NEQ-1
NEQ1=NEQ+1
NEQ2=NEQ+2
NEQ3=NEG+3
NEQ4=NEQ+4
AD=Y¢13/RO0C1)~Z
DO 118 F=1,NEQ

SHIFT THE ARRAYS.

I1=1+1
Y(I)=Y(I1)
VP(1)=VP(I
MTCCI)=MTC
YSAVE([}=Y:
=VLi
(¥]

1)

(1

SA
VLOG(1)=VLOG
RHO(1)=RHG( I
MWU (1) =MWU ( 1
YMSAVE(I)=YMSAVE(11)
CONTINUE :

BE SURE AHD DG THE LAST THREE POSITIONS HEEN:SKIFTING
Y(NEQ1)=Y(NEQ2)-AD

1)
VE(I1)
(I1)
1)

1)

~
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13210 Y(NEQ2) =Y (NEQ3)

13220 Y(NEQ3) =Y (NEQ4)

13230 WRITE (10U,120) NDEL

13240 1286  FOBMAT(1X,*CUT °,12,' GOES AWAY IN MINUTES, THEREFORE IT WAS
13250 1 DELETED AND THE CUTS RENUMBERED' ./}

13260 WERITE (ITY.120) NDEL

13270 GO TO %0

13280 {88  IN=2

13290 . GO.TO (140,160) ITYP

13300 140  ITYP=2

13310 WRITE CITY.150) . _ o

13320 150  FORMAT(~,1X. 'TIME".2X,*BEL'.3X. "SPCR'.2X.'AREA®.2
13330 c 1, 'THICKNESS . W' ,2X, 'DISP'.4X. ERATE®,4X.'MA I J%)
13340

13350 € THE COMPONENTS THAT MOVE TOO FAST TO CONSIDER (AT TIME
132;8 g ZERO) HAVE BEEN DELETED AND THE ARRAYS SHIFTED,

133

13380 160  NEQ1=NEQ+1

13396 : NEQ2=NEQ+2

13400 NEQ3=NEQ+3

13216 C

134%8 g NEVER LET THE STEP SIZE BE GREATER THAN 0.5

1347 .

13440 170 IF(H.GT.8.5) H=0.5

13450 . WRITE (10V,180) H,NFAST

13460 éBO FORMAT (- .2X, *STEP SIZE OF *,1PE10.3.° IS BASED ON CUT *.I3..)
13470 ’

13430 c CHECK THE PRINT SWITCH.

13490 € _ -

13300 190 IF(X.LT.X¥) CO TO 38¢

133510 Cc

13520 C INCRENENT THE. PHINT SWITCH AND CALCULATE INTERMEDIATE
13530 C RESULTS HNor CAHRIED wWITH THL INTECRATIDN.

13540 c e

13550 W= X+XP

13560 YTOT=90.

13370 TMASS=0.

13580 DO 20C¢ I=1,NEQ

13590 YF(I)= Y(l)/YSiVE(l)

13600 . YTOT=YTOT+Y(1)

13610 YMOL)sYCT)*MWUCT)

13620 YMI (D) =YM(D)

13630 TMASS=TMASS+YM(I)

13640 YM(I)=YM(I)/YMSAVEC(L)

13630 200 CONTINUE

13660 YM1(NEQ1)=Y(NEQI)

13670 C _

13680 C CALCULATE THE MEAR MOLECULAR WEIGHT OF THE SLICK.
13690 c

137060 WMEANS=0.

13710 DO 210 I=1.NEQ

13720 WHMEANS=WHMEANS+MWUC 1 )*xY(1)/YTOT

13730 210 CONTINUE

13740 LINE=LINE+1

13750 WRITE (10U.220) X.LINE

13760 220 FORMAT(2X. 'TIME = ', {PEB.!.,' HOURS. MASS FRACTION OF EACH
13770 1 CUT REMAINING: " .63X.I13)

13780 WRITE ¢(IQU,.23¢)r (YM(I1},I=1,BEQ)

13790 230 FORMAT(14(1X,IPES8.1))

13800 CHECK=TMASS+Y (NEQ2) +Y(NEQ3)

13810 WRITE (1QU.240) TMASS. Y(HEQo) Y(NEQ3) ,CHECK

13820 240 FOBHAT{2Y MAES REMAINING = .IPEIO 3.'. MASS DISPERSED
13830 1= .lPElﬁ 3.7, MASS E\QPOBATED = ' 1PE10.3,"

13840 2. SUM = *,1PE16.3) :

13830 WRITE (IPU.250) NEQI

138690 250 FORMAT(135)>
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13g7ve WRITE (IPU.260) X.(YM1(I).,I=1,NEQ1)
13880 266 . FOHMAT(10(IX,I1FE10.3))

13890 C
13900 € WHEN THE FRACTION REMAINING OF COMPONENT I GETS LOW.
:ggig g SET ITS VAPOR PRESSURE AND MOLES EQUAL TO ZERO.
13930 DO 276 1=ISTART.NEQ
13940 IF(YF(1).CT.1.0E~08) GO TO 279
13950 IKEEP=[ +1
13960 VP(1)=0,
13970 Y(1)=9.
13980 278  CONTINUE
13990 1START= IKEEP
14000 NFAST=1KEEP _
14610 GONE(LINE)=TMASS/TSAVE
14020 ZP=7%100.
14030 WRITE (10U,280) GCONE(LINE).Y(NEQ1).ZP, wnzanc
14040 280  FORMAT(2X. 'F‘RM.’I'ION (BASED OR.MASS) REMAINING IN THE. SLICK
© 14050 {=',1PE8.1.", AREA=",{PEB.1." M¥%2, THICYNE:Q-
14860 2,1PEB.1,' CM., MOLE WT='.0PF3.1) .
14070° C _
14080 C w10 1S THE MOUSSE CALCULATION
14090 C
14100 CALL WI0(X.W,VTERM)
14110 € g T
14120 € VISCP1 IS THE VISCOSITY OF THE PARENT OfL WITH RO WATER
14130 C INCORPORATED. _
14140 C VISCP! IS IN CENTIPOISE, FEVAP IS TEE FRACTION OF OIL
14150 € EVAPORATED. NOTE THAT FEVAP IS NOT
14160 € t - (FRACTION REMAIN{NG) BECAUSE DISPERSION LOSSES
14170 € WOULD DE INCLUDED. THE FRACTION EVAPORATED MUST
14180 g CORRECT FOR THE LOSS DUE TO DISPERSION.
14190
14200 FEVAP=1.0-GONE(LINE)
14210 - FEVAP=FEVAP/YM(NEQ).
14220 V1SCP1=VSLEAD*EXP{MK4=FEVAP)
14230 C
14240 C VTERM 1S THE VISCOSITY MULTIPLIER FROM THE MOUSSE
14250 C CALCULATITON.
14260 C
14270 VISCP=VISCP1*VTERM
14280 €
14290 C CALCULATE THE BULK SPGR.
14300 C _
14310 BSPGR=9.
14320 DO 290 I=ISTART.NEQ
14330 BSPGR=BSPGR+SPGR{ [ )*¥Y ([ )/YTOT
14340 290  CONTINUE
14350 VISQT=SQRT(VISCP-10.)
14360 € '
14370 g CALCULATE THE DISPERSION FACTOR.
14380 :
14390 FB=1./(1.+KB*VISQT*Z+STEN/0.024)
14400 DISPER=FRACTS*FB
14210 WRITE (10U,300) W,VISCP,DISPER
14420 300 FORMAT(2X, ‘WEIGHT FRACTIOS WATER IN OIL = *,iPEB.1.', VIS
14430 1COSITY = '.1PES.1,° CENTISTOKES, DISPERSION TERM = °
14440 "2.1PEB.1," WEIGHT FRACTION/HR')
14430 CVOLUM=Y (NEQ1)*Z
14460 TBBL=CVOLUM/9.159
14470 CVOLUM= (1 .0E+06)*CVOLUM
14480 CSPGR=TMASS~CVOLUM
14490 WAREA=( 1 . 0E+06 ) *Z*CSPGR
14500 wWDISP=WAREA*DISPER
14510 IF(INT.EG.1) ERATE=®.
14520 ERATE=ERATE-Y(KEQ1)

A-23



14330 WRITE (10U.310) WAREA.CSPGR.TBBL. WDISP.ERATE.

14540 319 FORMAT (2K, MAbb/an\~‘ IPE8.1, " GMS/M#M, SPGR="

14350 1,1PE8.1.', TOTAL VOLUME=-.iPFS. 1." BBL. DISPERSION="
liggg c 2,1PE8.1,"' GMS/M=M-HR, EVAP RATE='. tPEB. 1. GMS/M*M/HR")
1437

14§gg g PRINT AN OUTPUT FILE FOR 80 COLUMN OUTPUT.

1459

14600 DO 320 J=1t,NEQ

146190 JCUT=J

14620 IF(YM(J).GT.@.5) CO TO 330

14630 320 CORTINUE

14640 a30 DO 346 1=1,NEQ

14630 ICUT=1

14660 IF(YM(1).GT.0.01) GO TO 350
14670 349 - CONTINUE

14680 330 X=X

14690 IW=Wx100.
14700 WRITE (1TY.360) [¥X. TBBL . CSPGR.Y(NEQ1),ZP.IW,WDISP
14719 - 1. ERATE.WAREA , [CUT, JCUT

14720 360  FORMAT(1N.13.1PEB. { 0PF".-.261PEB 1), 1X. I3

14730 1.3({PEB.1).12.13)

14740 WRITE (I1QU.70)

14750 €

14760 g INCREASE XP. TO 10 HOURS AFTER 350 HOURS OF. WEATHERING.
1477

14780 GO TO (379.380), NS

14790 - 370 - IF(X.LT.50.) CO TO 380

14800 NS=2

14810 XP=10.

14820 (o ’

14830 C TAKE A STEP IN TIME

14840 C . B ' -

14850 380  XARC:=X

14860 DO 390 I=1,XEQ3

14870 YARG(I)=Y¢D)

14880 390 CONTINUE

14890 C

14900 C INT IS A SWITCE TO INDICATE THAT THE INTEGRATION WaS
14916 ¢ INITIATED.

14920 c

14930 INT=2

14340 CALL FXYZ(XARC.YARG.K1.NEQ)

14950 XARG=X+H2

14960 DO 400 =1 .NEQ3 ’-

14970 YARG(I)=Y (D) +H*K1(1)r2.

14980 4906  CONTINUE

14990 €

15000 C SAVE THE EVAPORATION RATE FROM THE FIRST TIME
15016 ¢ THE DERIVATIVES ARE CALCULATED.

13020 C

15030 ERATE=K1 (NEQ3)

13040 CALL FXYZ(XARG.YARG,K2.NEQ)

15050 DO 410 I=1,NEQZ _

15060 YARG(I =Y (1) +HxK2(T)+2.

15070 410  CONTINUE

15080 CALL FXYZ(XARG,YARG.X3.NEQ)

15090 XARG=X+H

15100 DO 420 [+1.NEO3

15110 YARGCI)=Y (L) +H*K3 (1)

15120 420 CONTINUE

15130 CALL FXYZ(XARG,.YARG,X4.NEQ)

15140 DO 436 I=1,NEQ3 _

15150 YOII=Y (I +H* (KL ()42, 5 (K2(1 ) +E3C[)I+K4¢ 1)) /6.
15160 430 CONTINUE

15176 C .

13180 C IF 16 PER CENT BY MOLES OR LESS OF THE SLICK IS LEFT, STOP
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15190
15200
15210
15220
15230
1524¢
15250
15260
13279
15280
15290
13300
133190
15320
13336
15340
15350
153360
15370
153280
15390
15400
13410
15420

15430

15440
15450
15460
15470
15480
15490
15500
15510
15520
15530
15540
15550
15560
15570
15580
15390
15600
15610
15620
15630
153640
15650
13660
13670
15680
15690
15700
15710
15720
15736
15740
15750
15760
15776
15780
15790
15800
15810
15820
15830
158490

SOaadanananhanc

Y.
g3

aan

45@

460

»
»
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=]

aaoOtOaOn aoon

THE CALCULATION BECAUSE STRANCE THINGS HAPPEN CLOSE TGO
ZERO OIL.

REMAIN=G.
DO 440 I=1.8EQ

REMAIN=REMAIR+Y(I)

CONTIRUE

TEST=REMA [N/TOTAL

IF(TEST.GT. 9.1} GO TO 470

WRITE (10U,450)

FORMAT(~/,1X, 'THE SLICE (MOLES) HAS DECREASED TO 107
t OR _LESS. THEREFORE THE GALCULATION WAS STOPPED.
WRITE (ITY.460)

FORMAT(~ . tX. SLICK DECREASED TO 10% MASS ®=STOP*>*)
GO TO 310

RECALCULATE THE OVER-ALL MASS-TRANSFER COEFFICIENTS OUTSIDE
THE DERIVATIVE SUBROUTIRE. THE DIAMETER DEPENDENCE IS VERY
SLOW. TERM2 IS THE OLD DIA*=(-0,f{1). S0 DIVIDE THE OLD
COEFFICIENT BY TERM2 AND MULTIPLY IN THE NE% ONE.

WEEN YOU CHANGE THE WIND SPEED WITH RESPECT TO TIME.
 CHANGE THE MASS-TRANSFER COEFFIiCI1ENT HERE. DIVIDE
~ OUT THE OLD WIND TERM AND MULTIPLY IN THE NEW ONE.
ALSO. IF THE TEMPERATURE CHAKGLS. RECALCULATE THE
VAPOR PHESSURE HERE. THIS APPLIES ONLY TO MACKAY
AND MATSUGU.

GO TO (500.480.500), KMTC
DIA=SQRT(Y (NEQi )~ 0.783)
THNEW=DJA®*(~0.11)
ADJUST*TNEW,TERM2

DO 490 I=t,NEQ _
MTC(1)=MTC(I)*ADJUST
CONTINUE ‘

TERM2=TNE¥

CHECK TO SEE IF THE INTECRATION I8 COHPLETED

IF(X. GB X,) co TO 310
X=XARG

CHECK TO SEE IS THE FIRST FON-ZERO MOLES HAS FALLEN TO
9.6t OF ITS STARTING VALYE. IF [T HAS. RECALCULATE THE
STEP SIZE ON TIHE NEXT NON-ZERQ COMPONENT. NOTE THAT

A COMPONENT IS NOT ZERQED UNTIL ITS MOLE NUMBER HAS
FALLEN TO LESS THAN 1.0E-08.

TEST=ABS (Y (NFAST)/YOLD)

IF(TEST.LT.0.0t) GO TO &0

GO TO. 190

NDEL=RDEL +1 .

WRITE (I0U,329) NDEL :
FORMAT(., 1X.'THE CUT HUHBERING BEGINS WITH',I3.' BASED ON
1 THE ORIGINAL CUT NUMBERS-,

LINEzLINE+{

WRITE (10U.3530) X.LINE

FORMAT(1X. 'TEE FINAL MASS FRACTIONS FOR THE SLICK AT
1,1PEB.1,' HOURS ARE:',63X.I3)

TYPE 540. LINE :

FORMAT(1X. "NUMBER OF LINES WRITTEN TO CUTVPZ2.PLT = °,[4)
TMASS=90, : :

DO 350 I=1.NEQ

YMCI)=Y (1 XMWUCT)

TMASS=TMASS+YM( 1)

YM1CI)=YM(T)
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15850
15860
15870
15880
15890
15900
15910
15920
15930
15940
15950
15960
15970
13980
15990
16000
16010
16020

16030
16040

16050
16060
16070
10080
16060
16100
16110
16120
16130
16140
16150
16160
16170
16180
16190
16200
16210
16220
16230
16240
16250
16260
16270
16280

16290

16300
16310
16320
16330
16340
16350
16360
16370
16380
16399
16400
16410
16420
16430
16440
16430
16460
16470
16480
16490
16300

530

369

OoaaOcaty

16

OO0

29

o

000,

aqann

49

YMOTI=YMCI)/YMSAVE(]L Y

CONTINUE

YMi(NEQ1)=Y(REQL)

GONE(LIKE) =TMASS~/TSAVE

WRITE (10U.4@) (YM(I),I=t,NEQ)

WRITE (IPU_250) NEQi

WRITE (IPU.260) X.(YM1(1),1=1,NEQ{)

WRITE. (I1PU.260) (GONE(IJ.I i, LINE)

ZP=2Z*x100.

WRITE (10U,.280) GONE(LINE). Y(NEQ1) LR, WHEABQ
CHECK= THASS+Y(NEQ“)+Y(NEQ%)

WRITE (IQU.240) TMASS.Y(NEQ2), Y(NEQG) CHECK
WRITE (IQU,360)

FORHAT(/ i1X. 'xxxxxzxxxxx*x:*txx*x:xxxxr*x?x*xzx**xxx:

1******t*!‘****11***’*******!f' W)

RETURN

END

SUBROUTINE FXYZ(XARG.MOLES .X.NEQ)

REAL*4 MOLES .K.MTC.MW.MWU.KB

COMION /\PILL/ MTC(30) .VP(30)..VLOG(30) . RHO(30 ) . M¥ (30)
SPGR(30) ,FRACTS.STEN, LB DINPEH Z. TER12.:PREAD KMTC

COHNON /TALE, MWU(30) . NEQ1 .NEQ2 _NEQ3

DIMENSION MOLES(30),K(307 JIMPVP(30) . TMPDS(30)

THE VECTOR BEING INTEGRATED RESIDES IN MOLES(1I).

POSITIONS =1 THROUGH {=NEQ ARE THE PSEUDO COMPONENTS.
POSITIOR NEQI=NEQ+1 IS THE AREA.

POSITION NEQR2=NEQ+2 IS THE MASS LOST BY DISPERSION ALONE.
POSITION NEQI=NEQ+3 IS THE MASS LOST BY EVAPORATION ALONE.

SUM=0.

DO 16 I=1.NEQ
SUM=SUM+MOLES(])
CONTINUE

D¢ 20 [=1,NEQ

CALCULATE THE MOLE DERIVATIVES,

THPVP(I) HTC(I)*HOLES(NEQI)*VP(I)*MGLES(I)/SUH
TMPDS(1)=DISPER*MOLES{ [}
K{Iy=TMPVP(I)+TMPDS (1)

Kol)=-K«1> .

CONTINUE

VOL=0.,

DO 30 I1=1,NEQ

VOL=VOL+MOLES(I)~RHOCI)

CONTINUE

CALCULATE THE AREA DERIVATIVE.

Z=VOL/MOLES (NEQ1)
E(NEQ1)=(5.4E+03)* (ZTr=1 .33)*MOLES(NEQ1 ) ¥%¢.33
K{(NEQ1)=SPREAD*K{NEQ1)

CALCULATE THE MASS LOST FROM THE SLICK DUE TO
EVAPORATION ALORFE AND THEN DISPERSION ALONE.

K(NEQ2)=0.

K{(NEQ3)=9.

DO 46 1=t ,NEQ

K(NEQ3)= K(NEQS)+THPVP(I)*HWU(I)
E(NEQ2)=K (NEQ2)+TMPDS (I ) *MWU (1)
CONTINUE

RETURN

END
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16510 SUBROUTINE WIO(TINE.W.VTERM)

16320 COMMON /MOOSE/ WINDS.C1.£2.€3.C4 '
16330 WFUNC(W)=(1.0-C2:%W ) XEXP (-2, 3%W/ (1 .0=CI*¥))

16340 VIS(W)=EXP(2.5%W/(1.0-C1%W)) .

16330 "DATA WSAVE,C4SAVE-=1{..-1./

16560 (04

16570 c THIS IS THE WATER-IN-QIL (MOUSSE) ROUTINE.

16380 C W IS THE FRACTIONAL WATER CONTENT IK THE GIL.
16590 C WINDS IS THE WIND SPEED IN KNOTS.

16600 c TIME IS IN HOURS.

166190 c Ci IS A VISCOSITY CONSTANT = 0.65

16620 C C2 IS AN OIL-COALESCIKG CONSTANT AND IS OIL

16630 [N DEPENDENT, ARD [S THE INVERSE OF THE MANIMUM WEIGHT
16640 c FRACTION WATER IN OIL.

16630 C C3 IS A WATER INCORPORATION RATE (1..iIR), USUALLY 0.01*Uxy
16660 c

16670 C THE PREDICTION EQUATION FOR W IS IMPLICIT AND IS
-1oq&g g SOLVED BY TRIAL AND ERROR.

1665

16700 c REFERERCE: CHAPTER <4 BY MACKAY IN OIL SPILL PROCESSES -
16710 Cc AND MODELS

16720 C

16730 c - DECEMBER. 1981

16740 C

1673@ Cc IERR IS THE ERRCR CODE.

16760 c IERR=1 IS A NORMAL EXIT. I{ERR=2 IS A PROBLEM IN THE
16770 C TRIAL-AND-ERKQGR ROUTINE. I[ERR=3 15 A STEADY-=STATE
16780 C MOUSSE EXIT.

16790 c

16860 g IF THE OIL DOES NOT FORM MOUSSE., €2 WAS SET TO -1.
16810

16820 IF(C2.GT.0.) GO TO 1@

£ 6830 c -

16840 Cc NO MOUSSE FOR THIS OIL, SET TEHMS AND RETURN.
16830 C

16860 W=0. ‘

16870 VTERM=1. : v

16880 GO TO 90

16890 10 IERR=1

16900 C

16910 C CHECE TO SEE IF TIIE WIND OR INCORPORATION RATE CONSTANT
16920 C CHANGED.

16930 C " : .

16940 [F(WINDS.EQ.WSAVE.AND.C4.EQ.C4SAVE) GO TO 20

16950 WSAVE=WINDS

16960 C4SAVE=C4

16970 U2=WINDS*WINDS

16980 Ca=C4xy2

16990 29 EX=C3*TIME _

17060 IF(EX.GT.20.) GO TO 80

17010 TEST=EXP(~EX)

170620 C :

17030 c BRACKET THE TIME WITH TWO VALUES OF W.

(7040 C

17050 w=0,

17060 WMAK=1.,C2

1TO70 WETEP=WMAX/19.

17080 3@ W= W+ WSTEP

17090 TRY=WFUNC (W)

17100 IF(TRY.LT.TEST) GO TO 40

171106 IFe¢W.LT.WMAX) GO TO 30

17120 1ERR=2

17130 GO TO 90

17140 C :

171560 C NOW DO INTERVAL HBALVIKG TO FIND W.

171606 C

N
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17170
17186
17190
17200
17210
17220
17230
17240
17250
17260
17270
17280
17290
17300
17310
17320

17330

46

50

60
70

89

99

NTRY=0

WR=W

WL=W-WSTEP

W= (WR+WL)/2,
TRY=WFUKC{(W)
IF(TRY.LT.TEST) GO TO 60
WL=W

GO TO 7@

WR=W

NTRY=NTRY+1
IF(NTRY.LT.{9) GO TO S50
VTERM=VIS (W)

GO TO 90

IERR=3_
CONTINUE
RETURN
END
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ABSTRACT

The Open-Ocean Oil-Weathering User's Manual is written to proﬁide
specific instructions on the use the computer code CUTV?Z.FOR.
This code calculates crude oil propertieé and the weafhering of
0il for a set of environmental parameters. The use of the code
requires knowledge about the physical properties of crude oil and
the weatheriné of oil. In order to aid the user, the code has
been written to ask the user for specific input and'provide
examples of input. The best way to learn go use the code is to
access the computer and work throﬁgh some of the examples

presented in this manual,
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OIL-HEATHERING COMPUTER PROGRAM
USER'S MANUAL

Model Qverview

The open-ocean oil-weathering code is written in FORIRAN as a stand-
alone code that can be easily installed on any machine. All the trial-and-
errQr routines, integration routines, and other special routines are writtén
in the code so that nothing more than the normal iystem functions such as EXP
are requifed. _Thé code is user-interactive_and.requésts input by prompting
questions with suggested input. Therefore, the user can actually learn about
the nature of crude oil and ﬁt& weathering by using this code. '

The open-ocean oil-weathering model considers the following weather-
ing processes:

evaporation
dispersion (qii into water)
mousse (water into oil)

o Qo O o0

spreading.

These processes are used to predict the mass balance and comﬁosftioﬁ
of o0il remaining in the slick as a function of time and environmental para-
meters. Dissolution of oil into the water columm is not considered because
 this weathering process is. not significant with respect to the over-all
material balance of the oil slick. “ " |

An important assumption required in order to write material balance
equations for evaporation is the state of mixedness of the oil in the slick.
The open-ocean oil-weathering model is based on the assumption that the oil is
well mixed. This might not always be true but data have been taken and inter-
preted as if the oil is well mixed. Thus,® experimental results based on this
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assumption must be used in the same way mathematically. There is qgrowing
thought based‘on.physica1 observations {not compositional) that the oil is not
afways well mixed. As the oil weathers its viscosity increases (measured and
known to be true) resuiting in a slab-like oil phase. Clearly, the mass trans-
fer within the 0il will change drastically ip going from a well-mixed to a
sTab~like phase.

The other three processes noted above are. not explicitly component
specific as is evaporation. However, the dispersion procgsS'is'a function of
the oil viscosity; oil viscosity is a function of compositicn. Thus the dis-
persion process does depend on the evaporation process. Mousse formation also
alters the ail viscosity but the present knowledge of this process does not
point to any quantifiable compositional fdependehcé. The spreading of the
slick results in an ever-increasing area for mass transfer.

The composition of the oil is described in terms of pseudocomponents
that are obtained by fractionating the o0il in a'tfue-boiling-point distilla-
tion column. This procedure yields cuts of the oil which are characterized by
boiling point and density. This information is then used to calculate many
more parameters about the cut. The ‘most - important calculated parameters
pertain to vapor pressure and molecular weight. The evaporation prdcéss is
driven by vapor pressures, and system partial pressures are calculated

assuming Raoult's law.

Model Description

The pseudocomponents characterization of crude oil for the open-ocean
0il-weathering model is described in detail (Payne, Kirstein, et-al.;'1983).
The'specific detail presented in the oil characterization can vary depending
upon exactly which literature references are used. Those references used to
write the current open-ocean oi]-weathéfing model are all esséntially
contained in a standard text (Hougen, Watson and Ragatz, 1965).

v
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The pseudocomporient evaporation model and the over-all mass-transfer
coefficient required for evaporation has also been described in detail (Payne,
Kirstein, et al., 1983). The fundamental process of evaporation is described
-in many texts, such as Mass Transfer Operations (Treybal, (1955) and in papers-
in the open literature. A paper on this subject relevant to oil weather1ng is
that by Liss and S1ater (Liss and Slater, 1974)

The equation wh1ch descr1bes slick spread1ng has also been described
(Payne, K1rste1n et al., 1983).. ' The spread1ng equation 15 based on observa-
tions due to Mackay (Mackay, et al,, 1980) and is not based on’ “the many publi-
cations wh1ch describe oil spreading due to grav1ty-v1scos1ty—surface tension.
The phenomenological approach to oil spreading does not pertain to a rough
ocean surface, and the empiricél approach at least reflects reality.

The viscosity predictioh'used in early oi1-weatﬁering model calcula-
tions is based on a (mole fraction)*(cut viscosity) summation {Reid, et al.,
1977). This viscosity prediction has been found to be inadequate in that the
predicted viscosity is always too low. This viscosity prediction has been
replaced with one due to Tebeau and Mackay (Tebeau, Mackay, et al., 1981)
where the viscosity at 25°C is a function of the fraction of oil evaporated on
a dispersion-free basis. The functional relationship is exp(K4F) where K, is
an oil-dependent constant and F is the fraction evaporated. The viscosity is
scaled with respect to temperature according to the Andrade equation {Gold and
Olge, 1969).

The prediction of water=in-oil emulsification is based on three para-
meters (Mackay, et al., 1980) appearing in the following equation:

[ 5u ] £ 7
(1 - K H) epr.—IEK—W—J E exp '-K3tJ
1

where W is the weight fraction water in the oil-water mixture, K1 is a
constant in a viscosity equation due to Mooney (Mooney, 1951}, Ko is a



coalescing-tendency constant, and K3 is  a lumped water incorporation rate
constant. The viscosity equation due to Mooney is

- oo | =2.5W
=y exp [*rm-]

where ¥ is the parent oil viscdsity. K1 is usually around 0.62 to 0.65 and
apparently does not change much with respect to different types of oils. The
constant K, above must satisfy the re]ation-KZN < 1 in order fér the water
incorporation rate term (right-hand side) to be > Q. Thus, Ko is the inverse
of the maximum weight frqctidn water jq the mixture. K3 is'thg water fncorpo-
ration rate constant and is a function of wind speed,in-knots.

The dispersion (o0il into water)'ﬁeathering process s desdribed by
- two equations (Mackay, et al., 1980). These equations are

F ek (U+1)?

o 058 §

where F is the fraction of sea surface subject to dispensions per second, U is
the wind. speed. in m/sec and Ka-is constant. Fb is the fraction of droplets of
0il below a ¢ritical size which do not return to the slick, Kb is a constant,
B §s the viscosity in centipoise, X is the slick thickness in meter, and ¢ is
the surface tension in dynes/cm. The mass fraction that Teaves the siick as
dispersed droplets is Fb * F and this fraction applies to each cut of ail.

User Input Description

The initial input required to perform an oil-weathering calculation
is the distillation characterization of the crude oil. The desired input is
termed a true-boiling-point (TBP) distillation and consists of distillate cuts
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of the o0il with each cut characterized by its average boiling point and APL
~gravity. For . a description of the TBP distillation seé Yan Winkle (Van
Winkle, 1967). An example of a TBP distillation is shown in Table 1 for a
typical crude oil. ' |

TBP distillations of crude oils are not always readily available.
The more common inspection on crude o0il is termed an ASTM (D-86) distillation.
The ASTM distillation (Perry, R. H., and C. H., Chilton, 1973) differs in that
the ASTM distillation is essentially a flask distillation and thus has no more
than a few theoretical plates. The TBP distillation (ASTM D-2982, 1977) is
performéd in a column with greater than 15 theoretical plates and at high
reflux-ratios. The high degrée of fractionation in this distillation yields
an accurate component distribution for the crude gil _(r_nixt'ure'). Another type
of crude oil inspection available is the equilibrium flash vaporation (EFV)
which differs from both the ASTM and TBP distillation in that the vapor is
allowed to equilibrate with the liquid, and the quantity vaporized reported.
In the distillations vapor is continyously removed from the still pot.

Both .the ASTM distillation and EFV can be converted to a TBP distilia-
tion (API, 1964). However, at the present the ASTM D-86 distillation results
can be used directly in the oil-weathering calculations because it is a réason-
able approximation to the TBP-d"ist'iﬂation_ result at the Tight end of the
barrel. The differences between the two distillations at the heavy end of the
barrel are noticeable but since the heavy ends of the barrel do not evaporate
in oil weat-heriné, this differance is of 1ittle consequence,

Currently the best sources of distillation data are "Evaluation of
Worid's Important Crudes" (0&GJ, 1973) where a tremendous number of distilla-

tions and other characterizations are reported. The distillations reported
are a mix of ASTMs and TBPs. Another excellent source of distiilation data is
"Analyses of 800 Crude 0Oils from United States 0iifjelds" (Coleman, et al.,
1978). The distillations reported by Coleman are not TBP distillations but

are essentially ASTM distillations and can be used in the oil-weathering
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TABLE 1. Example of True Boiling Point (TBP) Distillation of Crude 0i1 (from
Van Winkle, 1967).

% Distilled T, °F APT .Gravity
0 108 first drop
5 T 230 63.5
10 300 46.7
20 7% 39.0
30 458 3.5
40 . sos 32.0
0 si2 0.8
60 ' 585 27.5
70 s80 23.5
80 720 20.4
90 880 ‘ 13.1
9% 1000 e
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calculations when the boiting points are all converted to one atmosphere total
prassure, The reason parts of the ASTM or TBP distillations are conducted at
sub-atmospher1c pressure is that cracking begins to occur in the still pot at
temperatures around 700°F. Thus, the data reported by Coleman are around
atmospheric pressure up to 527°F, and for fractions bofling abowe this tempera-
ture the distillation is performed at 40-mm Hg. In order for the entire dis-
tillation to be used as input to the oil-weathering calculation, the cut data
must be converted to one atmosphere total pressure. The protedure for cbnvert--'
ing sub-atmospheric boﬁlfng points to atmospheric boiling points is described
in many places (Edmister and Okamoto, 1959; ASTM D-2892, 1977; API, 1964). fn
example of the sub-atmospheric. boiling-point conversion is shown in Table 2
for Prudhoe Bay Crude 0il. The reported distillation pressure for Pridhoe Bay
crude oil in Table 2 which is near atmospheric but not exactly at one atmos-
phere is not critical for the oil-weathering calculations.

An example of the use of the distillation data as input for the oil-
weathering calculation is shown in Table 3. This tabTe is an actual computer
display of what the user sees beginning with the EXecute command. - In this
example the user is using data ‘that is programmed into data statements and
will not have to enter the dist111at1on characterization data. The TBP cuts
echoed to the user in Table 3 were obtained from the data of Coleman ({Coleman,
et al., 1978) in Table 2, and illustrate the transfer of these data to the
oil-weathering calculation. MNotice that cut 1 {fraction 1) in. Table 2 has
been deleted and the cuts renumbered. The reason cut 1 was deleted is because
it is not the first cut with any measurable volume. Also note that the resi-
duum cut is assigned a beoiling point of > 850°F. This assigned boiling point
is fictitious and used to indicate that this cut is indeed a residuum.

A similar example of the use of distillation data from Coleman
(Coleman, et al., 1978) fis 11Tustrated in Tables 4 and 5. Table 4 again is
the published data and Table 5 tT]ustrates how these data appear as 1nput to
the 0il-weathering calculation.
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TABLE 2. Distillation Data for Prudhoe Bay Crude Qi1 Showing
Conversion of Sub-Atmosphere Boiling Points to Atmos-
.pheric. Boiling Points (see text) (Coleman, et al, 1978).
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TABLE 3. Distillation Cut Data as Used in 011 -Weathering Calculation (data
obtained from Table 2)

+EX
LINKS Loadind '
ELNRXCT CUTVF2 execution]
ENTER THE NUMBER OF TBP CUTS TOQ BE CHARACTERIZED ON I2
" IF YOU HAVE NO INPUT. DATA JUST ENTER 99
A 99 ENTRY WILL USE A LIBRARY EXAMFLE
9"
CHOGSE A CRUDE ACCORDING TO:
PRUDHOE BAY» ALASKA
COOK INLETr» ALASKA
WILMINGTON, CALIFORNIA.
MUREANs ABU DHABI _
LAKE CHICOT» LOUISIANA
LIGHT DIESEL CUT

H&tﬂ«hblld'—‘
N

YOU CHOSE: PRUDHOE BAY»s ALASKA

CuT TR API

_ voL
1 167.0 72.7 2.1
2 212.0 < 64,2 2.6
3 257.0 - Ty 3.3
4 302.0 =3 Y- ] 3.6
S 347.0 . 47,6 3.7
& I¢2.0 ERE - ] o.. JeS
7 437 .0 41 - 4.3
8 482.0 37.8 4.8
? 527.0 34.8 5.0
10 580.0 ' - 30,6 2.8
11 4638.0 29.1 Ry
12 68%5.0 26.2 6.8
13 738.0 24,0 4.0
14 790.0 22.5 7.4
15 850.0 11.4 36.3
DO YOU WANT TO CHANGE ANY?
¥

B-15



TABLE 4.

Distillation Data for Wilmington Field Crude 0i1
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TABLE 5. Distillation Data for Wilmington Field Crude Ofl Mlustrating Use in
' 011-Heather1ng Calculations (See Table 4 for publashed data).

+EX CUTVP2.FOR

LINK: Loading

CLNKXCT CUTVP2 execution]

ENTER THE NUMBER OF TEP CUTS TGO BE CHARACTERIZED ON IZ
IF YOU HAVE NO INFUT DATA JUST ENTER 99 .
A 29  ENTRY WILL USE A LIBRARY EXAHFLE

39 A

. CHOOGSE A CRUDE ACCORDING TO:

FRUDHGOE ‘BAY» ALASKA

COOR INLET» ALASKA

WILMINGTONs CALIFORNIA

MURBANy ABU DHARI

LAKE CHICOT,» LOUISIANA

LIGHT DIESEL CUT

Enuuu g

WU

YOU CHOSE: WILMINGTON» CALIFORNIA |

cuT TB AFT oveL
1 212,0 68.6 2.3
2 257.0 58,7 2.4
3 302.0 - . 53,0 o 2.4
4 347.0 48.1 2.5
S z92.0 43,2 2:8
7 482.0 | . 35.4 4.4
8 527.0 32.3 5.3
10 - 438.0 : 24,5 6.3 -
11 685.0 22,3 4.1
12 - 73B.O0 - 20.3 5.5
13 850.90 8.9 53.3

g YDU WANT TO CHANGE ANY7

N

ENTER THE TEMPERATURE IN DEG F FOR THE VAPOR PRESSURE. CALCULATION

32,

THE TEF CUTS HAVE REEN CHARACTERIZED -
00 YOU WANT TO HEATHER THIS CRULE?

N ‘
DO IT AGAINT?

N
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The distillation cut data can be entered by the uyser. An example of
this entering procedure is illustrated using the TBP data for a gasgline cut
(0&GJ, 1973, page'57) which is presented in Table 6. The user's entries to
the oil-weathéring calculation is shown in Table 7. Each time an input is
required the user is prompted with an appropriate question. Since it is impos-
sible to enter many numbers into the oil.weathering calculation without an
error, the distillation cut data are always echoed to the user for review. In
the event an input -error is discovered or .it is desired to chanée an-eﬁtry,
the user's response to DO YOU WANT TO CHANGE ANY? is yes. Thé error recgvery
is illustrated in Table 8 where the gasoline-cut datd from Table 6 is entered.
Note the input error for TB (boiling temperature) for cut 3 where 22.8 was
entered instead of 228. The usef is prompted for the error-recovery
information and the final data is echbed to the user. In the event another
error is to be corrected, a "YES" would be entered in response to the very
last question in Table 8.

After entering the distillation-cut data, the user is asked for a
temperature in degrees Fahrenheit. This temperature is used to calculate the
vapor pressure of each cut as premiousfyi'déstribed' (J. R. "Payne, B. E.
Kirstein, et al., 1983). At this poiﬁt the calculation can be stopped and the
crude ofl characterization is all that will have been calculated. However, in
order to "weather the crude", the user types "YES" in response to DO YOU WANT
TO WEATHER THIS CRUDE? | |

The user input reguired for an qi]-weathering calculation begins with
a YES in response to the question DO YOUu WANT TO WEATHER THIS CRUDE? The user
is then prompted for the spill size in barrels and the number of hours for oil
ﬁeatherihg to occur. Thelinput responses presented 1in Table 9 follow the
specﬁfication of a library cfﬁde (i.e., programmed ﬁnto the code)} such as
those illustrated in Tables 3 or 5. ' g

After specifying the spill size and number of hours for weathening“to.
occur, and a library crude has been specified, the user is prompted for
mousse-formation constants and an oil-water surface tension. By responding'NO
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TABLE 6. True Boiling Paint Distillation Data for a Gasoline Cut (0&GJ, 1973,

page 57).
cut Cut temp, °F Vol % API Gravity
1 137 ‘ | 1.5 71.6

2 196 , 2.1 ~59.7

3 228 2.0 ' - 55,0

4 256 20 s3.8

5 283 2.0 © 0 49.6
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N

TABLE 7. TIllustration of User Input of Data for a Gaso]1ne Cut {See Table 6
for "published" data).

+EX CUTVFZ.FOR

LINK: Loadins

CLNKEXCT CUTUFZ executionl

ENTER THE WUMBER OF TBF CUTS 10O KE CHARACTERIZED ON. IZ
IF YOU HAVE NO INFPUT DATA JUST ENTER 9

A 29 ENTRY HILL USE A LIBRARY EXAMFLE

ENTER THE NAME OF THE CKUDE

GASOLINE CUT

ENTER AN IDENTIFICATION NUMEER FOR THIS CRUDE ON IS
11111

ENTER A SAMPLE NUMBER ON IS

aanme
- i

ENTER THE BULK AFI GRAVITY
sﬂ‘ . .

YOU MUST ENTER THE TRUE BOILING FOINT CUT DATA STARTING
WITH THE M0OST VOLATILE Cut AND GOING TO THE BOTTOM OF THE BARREL

ENTER THE BOILING POINT AT 1 aTM IN DEG F FOR CUT i

é:?éﬂ AFI GRAVITY FOR CUT. 1

;;%gﬁ VOLUME PER CENT FOR CUT 1

éﬁ?en THE BOILING POINT AT 1 ATM IN DEG F FOR CUT 2
é:?én AFL GRAVITY FOR CUT 2

g:?én VOLUME PER CENT FOR CUT 2

EQ;ER-THE BOILING POINT AT 1 ATM IN DEG F FOR CUT 3
228,

ENTER AP GRAVITY FOR CUT 3

é;%ER VOLUME PER CENT FOR CUT 3

ENTER THE BOILING POINT AT 1 ATM IN DEG F FOR CUT 4
§3$ER API GRAVITY FOR CUT 4

53.8

ENTER VOLUME PER CENT FOR CUT 4

EﬁTER THE BOILING POINT AT 1 ATM IN DEG F FOR CUT
ENTER APT GRAVITY FOR CUT S

2:?29 VYOLUME PER CENT FOR CUT S

-
-

tn

cuT TB aFl1 vaL

1 137.0 71.4 1.5

2 1946.0 59.7 2.1

3 228.0 SS5.0 2.0

4 254.0 53.8 2.0

=] 283.0 49,4 2.0 -
DO YOU WANT TO CHANGE ANY?
N
ENTER THE TEMPERATURE IN DEG F FOR ‘THE VAROR FRESSURE CALCULATION
32.

THE TEP CUTS HAVE BEEN CHARACTERIZED
DO YOU WANT TO WEATHER THIS CRUDET

N .
IO IT AGAIN?
N
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TABLE 8.. Il1lustration of Input-Error Recovery (Nete error: for cut 3 bmhng
temperature).

EﬁTEﬁ THE BOILING FOINT AT 1 ATH IN DES F FOR Gyt 9

283, .

EHNTER AFI GRAVITY FOR CUT 5
49,64 .
ENTER VOLUME FER CENT FOR OUT 9
cuT TE &Rl uaL

1. 137.0 716 1.5

2 194,92 59,7 2.1

z 22;8 . Th. 0 2.0 .

4 LT $3.8 2.0

5 283.0 17,4 2.0
0 70U WANT TO CHANGE ANYT
ENT;R THE GUT NUMEER TO BE chNGED 0N I2

. ENTER 1 TO CHANGE TBy 2 FUR AFI» .3 FOR VOLX

L b
ENTER THE CHANGEE DATA
224, :
CUT Th API vaL -

2 194.0 89,7 .

3 228.0 5.0 2,0

5 283.0 49,4 2.3
00 YOU WARNT TO CHANGE ANY?
N
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TABLE 9. [Illustration of User Input for O0il-Weathering Calculatiori with a
Library-Specified Crude P

ENTER THE TEMFERATURE IN DEG F FOR THE VAFOR FRESSURE CALCULATIGN

-~
Prag s

THE TEF CUTS HAVE HEEN CHARACTERIZED

Dd YOU WANT TO WEATHER THIS CRUDE?T

YES .

ENTER THE SFILL SIZE IN BARRELS

100“0 +

ENTER NUMBER OF HOURS FOR DIL WEATHERING TO DCCUR

-240.,

D0 YOU WANT TO ENTER MOUSSE FOR”QTION‘QUNST%NTS7

NG

DO YOU WANT TO ENTER AN CIL-WATER SURFACE TENSION (DYNES/CHIT

NO

ENTER THE MASS-TRANSFER CQEFFICIENT CODE: 1» 2+, OR 3 WHERE:

-USER SFECIFIED OVER-ALL MASS~TRANSFER COEFFICIENT

=CORRELLATION MASS-TRANSFER COEFFICIENT EBY MACKAY % MATSUGU

a =INDIVIDUAL- ~FHASE MASS- TRQNSFER CUEFFICIENTS

ENTER THE WIND SFEED IN RNGTS

10, )

DO YOU WANT THE SLICK TO SPREAD?T

YES

DO YOU WANT TO ENTER VISCOSITY CONSTANTS?
ND '

00 YOU WANT THE WEATHERING TO OCCUR WITH DISPERSIUN?
YES _ " _
DO YOU WANT TO ENTER THE DISFERSION CONSTANTS?

NU :
NUMRBER OF LINES WRITTEN TO CUTVF2.PLT = 71
DO IT AGAINT

YES
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to these prompts the calculation procedure will use library constants fer the
specified crude. .The user 1is then prompted for mass-transfer coefficient
information. The mass-transfer coefficient is for the evaporation weathering
process, not dissolution. There are three possible mass-tranfer coefficient
input specifications, and the one recommended is 2 as illustrated in Table 9.

The next entry is wind speed which is in knots and should be less than 40
knots because oil-weathering processes at and above this wind speed are not

quantified. Also, the lowest wind speed used in the calculation is 2 knotsﬂ
and any value entered lower than this is reset to 2.

After specifying the wind speed the user specifies if the slick is to
spread '(YES) or not (NO}. Viscosity constants can then be entered if desired -
for a library crude, and finally the dispersion process (oil into water) can
be specified as occurring {YES) or not (NO) along with the -dispersion con-
stants. At this po{nt all input information has been supplied and the ca}cuia#kj
tion proceeds.

The preceding input description illustrates a straight-forward use of
the information programmed in the oil-weathering code. Illustrations of how
the programmed information can be changed is presented in the f0110y1ng discus-
sion. Altering the prograrmed information allows other crudes or petroleum
cuts to be entered into the calculation, or actual spills and experiments can
be analyzed to find the best physical properties or rate constants which
predict observed data.

The. first input information that can be changed by the user is the
mousse-formation constants as illustrated in Table 10. The mousse constants
appear in an equation which quantifies the rate of water incorporation into
the 01l with respect to time. This rate équation is (Mackay, et al., 1980)

(1 - sz) exp -2.5u z exp [-Kqtf-
laKiﬂ |
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TABLE 10.: Illustration of User-Specified Mousse-Formation Constants

bo you UANT T0 ENTER MOUSSE FORMATION CONSTANTS?
YES
1. ENTER THE HAXIHUH WEIGHT FRACTION WATER IN OIL

«&0
<+ ENTER THE MOUSSE-VISCOSITY CONSTANT, TRY 0. 64

+ &3
3. ENTER THE WATER INCBRPURATION RATE CONSTANTy TRY 0.001

+ 001
00 YOU WANT TO ENTER AN OIL-WATER SURFACE TENSION (DYNES/CM) 7

YES
.001
30.
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where W is the weight fracfion water in mousse. Kl‘is 2 constant in the
viscosity equation, KZ is a coalescing-tendency constant and K3 is a lumped
water incorporation rate constant.. K.1 appears in a stdnd-aione equa;ion fqr
the apparent viscosity of the emulsion as (Mooney, 1951)

- ox -2.5W |

B uo p - j-"Klw-

where u, is the parent oil viscosity. Ky is usually around 0.62 to 0.65 and
apparently does not change much with respect to different types of oils.

The constant K, must satisfy the relation KW < 1 in order for the
water incorporation rate to be > 0. Thus, Kz is the inverse of the maximum
weight fraction water in moUssg. K3 is the water incorporation rate constant
and is a function of wind speed in knots. Currently the oil-weathering code
calculates Ky from '

K3 = 0.001 (WIND SPEED)?
and the constaht.actual]y-entered~by_thg user is'the 0.001 constant above.

Thus, referring to Table 10, the first mousse formation constant
entered is the maximum weight fraction water in the mousse. The reciprocal of
this number is‘used_forukip_ The sécond c0nst§nt entered is the viscosity
constant in Mooney's equation and this number should be 0.62 to 0.65 unless
experimental evidence suggests otherwise. The third constant entered is the
multiplier of the (wind speed)2 which then yields K,. This number is around
0.001 as indicated. Note that the prompting for input also prints suggested

vaiues for each constant.

_ The next .input parameter that the user can change is the mass-
transfér coe%ficient‘for evaporation. _The'input i1Tustration in Table 9 uses
the correlation mass transfer coefficient as developed by Mackay and Matsugu
(Mackay and Matsugu, 1973). Table 11 illustrates the three possibie input
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TABLE 11.‘ IMlustrations of Three Input Options for the . Mass Tranfer
Coefficient for Evaporation

ENTER THE MASS-TRANSFER COEFFICIENT CODE: 1, 2, OR 3 WHERE:

 1=USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT .
2=CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUSU

3=INDIVIBUAL-PHASE MASS-TRANSFER COEFFICIENTS

1 -

- ENTER THE WIND SPEED IN KNOTS

10.

DO YOU WANT THE SLICK TO SPREAD?

YES S
ENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT, CM/HR, TRY 10
10, |

ENTER THE MASS-TRANSFER COEFFICIENT CODE: 1, 2» OR 3 WHERE:
1=USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT .
2=CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY 3 MATSUGU
3=INDIVIDUAL~PHASE. MASS-TRANSFER COEFFICIENTS |

5 IMDIVIDUA °E NTS

ENTER THE WIND SPEED IN KNOTS

10. s

DO YOU WANT THE SLICK TO SPREAD?

YES ' _

DO YOU WANT TO ENTER VISCOSITY CONSTANTS?

NG . _ L : ,
DO YOU WANT THE WEATHERING TO OCCUR WITH DISPERSION?
NO _ : '

ENTER THE MASS-TRANSFER COEFFICIENT CODE: 1, 2, OR 3 WHERE:
1=USER SPECIFIED QVER~ALL MASS-TRANSFER COEFFICIENT ,
2=CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY 2 MATSUGU
3=INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS ' |

3
ENTER THE WIND SPEED IN KNOTS
100 ) .

DO YOU WANT THE SLICK TO SPREAD?
YES

ENTER THE OIL-PHASE MASS-TRANSFER COEFFICIENT IN CM/HR» TRY 10
10. '

ENTER THE AIR-PHASE MASS-TRANSFER COEFFICIENT IN CM/HR» TRY 1000

ENTER THE MOLECULAR WEIGHT OF THE COMPOUND FOR K-AIR ABOVE, fRY 200
200, E ' _
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-options for the evaporation mass transfer coefficient. The first input option
shown in Table 11 allows the user to input the mass transfer coefficient
directly in contrast to the second input option where the coefficienf is cal-
culated as a function of wind speed and slick diameter., 1In the third input
option the user can enter individual-phase mass transfer coefficients. In
this last option the entered coefficient is scaled according to the sguare
root of the molecular of each cut to yield a coefficient specific to each cut
(Liss and Slater, 1974). The coefficient in this last option is also scaled
according to- wind speed according to Garratt's drag coefficient (Garratt,
1977).

After specifying the mass-transfer coefficient options the user can
specify if the slick is to spread or'not. This option is illustrated in Table
12 by entering YES or NO to the prompt. In this particn1ar illustration the
user has specified that the slick does not spread. This option is useful for
investigating evaporation from spills on solid surfaces such as ice or land.
When the no-spreading option is selected the user is prompted for a starting
thickness. In the illustration in Table 12 the entéered thickness is 3 cm.

The final physical property optional input that can be specified by
the user is the viscosity. The viscdsity-prediction for the bulk weathered
oil is important when dispersion of ofl into water occurs since viscosity
" appears in the rate equation for dispersion. The current method of viscosity
prediction is based on the viscosity of the initial crude at 25°C, a
temperature-scaling constant, and a fraction-oil-weathered constant; The
viscosity predicted is for oil only, and must not be interpreted as that
viscosity when on water-in-oil emulsion is present.

The viscosity at 25°C is sca
equation (Gold and 0Olge, 1969) which i

B-27



TABLE 12, Ilustration of the 'No-Spreading' Option and Starting'Thickne_ss
' Specification _ '

ENTER THE MASS-TRANSFER COEFFICIENT CODE: 1» 2, OR 3 WHERE:
1=USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2=CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY & MATSUGU
3=INDIVIDUAL~PHASE MASS~TRANSFER COEFFICIENTS

2

ENTER THE WIND SPEED IN KNOTS

10.

DO YOU WANT THE SLICK TO SPREAD?

NO '

SINCE THE SLICX DOES NOT SPREADy ENTER A STARTING THICKNESS IN CM.
3.
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and the temperatdre-scaTing constant is B. The v{scosify of the'weathéred oil
is calculated according to exp(K4F) where F is the fraction weathered (Tebeau,
Mackay, et al., 1982) i.e., fresh crude oil has F = 0. As weathering
proceeds, the parent oil viscosity increase exponentially with respect to F.

The user can enter the three viscosity constants by answering YES to
the prompt illustrated in Table 13. In this illustration suggested .input
viscosity constants are printad along with the prompt.

_ The constants which appear in the dispersion process can also be
specified by the user. The dispersion of oil into the water column fs
described by two equations (Mackay, et al., 1980):

F=k, (U+ 1)2

and

where F is the fraction of sea surface subject to dispension_per second; U iS;:f
the wind speed in m/sec and K is a coﬁstént,'fypica]1§'O.l'hr'l. Fg is the
fraction of droplets of oil below a critical size which do not return to the
slick, K, is a constant, around 50, u is the viscosity in centipoise, x is the
slick thickness in meter, and & is the surface tension in dynes/cm. The mass
fraction that leaves the slick as dispersed droplets is Fb'F and this fraction
applies to each cut of oil. Table 14 illustrates the user input of the

;onstants Ka and Kb.

B-29



TABLE 13. Illustration of Viscosity-Constant Input Options

ENTER THE MASS-TRANSFER COEFFICIENT CODE: 1, 2, OR 3 WHERE ;
\ZUSER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT

2=CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY 32 MATSUGU
3=INDIVILUAL-FHASE MASS-TRANSFER COEFFICIENTS.
~ .

ENTER THE WIND SPEED IN KNOTS

ééévnu WANT THE SLICK TO SPREAD?

DO YOU WANT TO ENTER VISCOSITY CONSTANTS?

;fsENTER THE BULK CRUDE VISCOSITY AT 25 DEG €» CENTIFOISE, TRY 35.

2. ENTER THE VISCOSITY TEMPERATURE SCALING CONSTANT (ANDRADES, TRY 9000.
;?OZQTER THE VISCOSITY-FRACTION-OIL-WEATHERED CONSTANT, TRY 10.5

ég'iou WANT THE WEATHERING TO OCCUR WITH DISPERSION?
'EESYUU:HANT;TG'ENTER THE DISPERSION CONSTANTS?
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TABLE 14. ‘IMustration of Dispersion Constants Input

DO YOU WANT TO ENTER VISCOSITY CONSTANTS?

gg YOU WANT THE WEATHERING TO QCCUR UITH DISPERSION?
;gsvou WANT TO ENTER THE DISPERSION CONSTANTS?
Eﬁ?sﬁ THE WIND® SPEED CUNSTANT; TRY 0.1

2

ENTER THE CRITICAL DRDPLET SIZE CUNSTANTr TRY S0
70. - _
NUMBER OF LINES URITTEN TO CUTUPZ.PLT 71
DO IT AGAINT : .
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Qutput Description

The output generated by the oil-weathering code is written to three
disk files: CUTVP2.0UT, CUTVP2.TYP and CUTVP2.PLT. These files contain the .
calculated results in various forms. The CUTYP2.0UT file is 130 columns wide
and intended to be printed on an appropriate. high speed printer. = The
CUTVP2.TYP file is 80 columns wide and intended for printing on portable termi-
nals. The CUTVP2.TYP file is an abbreviated version of CUTVP2.0UT. The
CUTVP2.PLT is a numbers-only raw data file and intended to be read by a plott-
ing routine or other data prdcessing’rouﬁanS. ‘ |

An example of the CUTVP2.0UT file (130.column) is presented in Table
152 where the calculated results for an oi]-weathering calculation at 32°F for
Prudhoe Bay crude is presented. The first page of this output is crude charac-
terization information calculated according to previous descriptions (J. R.
Payne, B. E. Kirstein, et al., 1983), and page two is the result of the vapor
pressure caiculation for each cut of the crude., Page three presents the input
parameters and constants, and the beginning of the results of the oil-
weathering calculation. The information presented for various times is self
explanatory but some care must be taken in order to identify the cuts at each
time step. There are cases where the first cuts can be so volatile that they
evaporate away immediately (< 1 hdur). In this case the cut{s) will be
deleted from the calculation and the remaning cuts renumbered.

Table 15b illustrates the output where a cut has been deleted because
it evaporates too fast to be considered in the calculation. The cut renumber-
ing occurs immediately before the time integration begins and will always be
noted on the output before the time = 0 print. The user must know that a cut
has been deleted or interpretation of the results will be shifted by one (or
more) cut. The deletion of a cut is also noted before the final mass frac-
tions are printed by telling the user_the number of the first cut printed.
This is illustrated in Table 15b (final page) where it is noted that the cut
numbering begins with 2.
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Examples of the 80-column output is presented in Tables 16a and 16b
for weathering Prudhoe Bay crude oil at 32 and 60°F. The output in Tables 1l6a
and 16b was gerierated at the same time as the output in Tables 15a and 15b.
Note that the output in Tables 16a and 16b is essent‘uaﬂy a condensed, self- ‘
contained, verswn of the calcu]ated rasults.

- Most of the output information is self exb]anatory as illustrated in
Tables 15a and 15b. These two tables are examples of calculated results at
two different temperatures ‘for Prudhoe Bay crude oil. Currently some of the
information printed is not used. ‘ Refer to Table 15a (page 3) which begins at
the top of the page with: OVER- ALL MASS- TRANSFER COEFFICIENTS BY INPUT CODE
2. On this page of the output the two lines beginning with KINEMATIC
VISCOSITY present information that is not used. This viscosity information
was used early in program development and found not to be applicable for
predicting the viscosity of weathered c'rude;_ - The viscosity of weathered crude
is now calculated according to the fraction weathered, as previously described
in the input description and noted here by the parameters printed immediately
below the kinematic viscosity informati‘on. .

Accessing the Computer

Currently the oil-weathering code resides on a DEC System-10® at
Science Applications, Inc. in La Jolla, California. Table 17 preéents a des-
cription of the commands to execute the coda that pertain to this specific
installation. Accessing the DEC-10 from anywhere in the United States can be
accomplished through TELENET. The TELENET access procsdure "is described in
Appendix A. Once access to DEC-10 has been obtained the system will then ask
for a project-programmer number (PPN) which in the example in Table 17 is
4601,4601. The password must then be typed in. The typed password will not

P
1

= L
Hdse

show up at the terminal. The current password
SAI. Once Togged in the code can be executed by typing EX CUTVPZ2.FOR. The
code will then execute and the user will be prompted for input. After an

oil-weathering calculation is finished the FORTRAN code will ask the user: DO

~

>
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IT AGAIN? ‘By replying NO a normal exit and file closing will be accomplished.
The system will then prfnt‘CPU time and elapsed time. In order to obtain the
calculated results the user must instruct the system to print or type the
results from the appropriate disk files. To obtain 130-column detailed output
the user types PRINT CUTVP2.QUT. The output will be printed at SAI's La Jolla
facility and it must then be picked up by the user. By typing TYPE CUTVPZ2.TYP
the user will obtain the'BO-coiumn abbreviated output file at his terminal.
To log off the computer type BYE. o :

There will be times when the conhedtion-ﬁo the DEC-IO will be lost
during execution or while the USer is doing something else. When this happens
the job becomes detached but can be picked up again by the ﬁ;er. Wher com-
_ puter access is obtained the user must login ﬁsing.thé same PPN and PASSWORD.
The system will then type to the user the detached job number, program name,
and status. The user will then be asked if he wants to attach. The attach
procedure is illustrated in Table 18. ' |

A listing of the open-ocean oiT-weathe}ing"co&e is presented in

Appendix B.
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TABLE 15a (Continued): OQutput from 0il-Weathering Calcutations;
Prsdhoe Bay Crude 0i1 Vapor Pressures at
32°F.

CRUDE OIL CHARACTERI ZATION AND} PSEUDOCOMPONENT EVAPORATION MODEL
IDENTIFICATION: PRUDHOE BAY, ALASKA

ITEM 9, SAMPLE 71011 o _
VAPOR PRESSURE [N ATMOSPHERES AT 3.200E+@1 DEC F

VP

3.7B4E-02
1.986E~02
2.584E-03
5.643F-04
1.123E-84
1.955E-05
3.176E-06
4.635E-07
6.603E-08
5.303E-09
2.092E-10
1.422F~-11
4.512F~13
8.824E-15

MEAN MOLECULAR WEIGHT OF THE CRUDE = 2.739E+02

Lol o Y o
PUR~OeONR ARSI
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TABLE 15b: Output from 0il-Weathering Calculations; Prudhoe Bay
Crude 0i1 Vapor Pressures at 609F.

CRUDE OIL CHARACTERIZATION AND FSEUDOCOMPORENT EVAPORATION MODEL

IDENTIFICATION: PRUDHOE BAY, ALASXA

ITEM 9, SAMPLE 71011
VAPOR PRESSUNE [N ATMOSTHFRES AT 6.000E+01 DEC F

VP

.8.843E-02
2.810E-02
8.209E-03
2.004E-03
3.492E 04
8.934E-05
1.662E-05
2.801E-06
4.596E-07
4.453E-00
2.257E-09
1.879E~10
7.774E~-12
2.970E-17

MFAN MOLECULAR WEICHT OF THE CRUDE = 2.739E+@2
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TABLE 16a: Illustration of 80-Column Output from Open-Ocean 0il-
Weathering Code, Prudhoe Bay Crude 0I1 at 32°F.

OIL WEATHERING FOR PRUDHOE BAY, ALASKA

CODE VERSION [S CUTVP2 OF FEBRUARY 83
TEMPERATURE= 32.8 DEG F, WIND SPEED* 10.0 KNOTS
SPILL SIZEx {,900E+03 BARRELS

MASS-THANSFER COEFFICIENT CODE=z 2

FOR TEE OUTPUT THAT FOLLOWS, MOLES=GRAM MOLES
GMS=GRAMS. VP=VAPOR PRESSURE IN ATMOSPHERES
BP=BOILING POINT IN DEG F, API=GRAVITY
MNw=MOLECULAR WEIGHT

CUr MOLES cMS N BP AP1 MY
2.356E+04 2.29E+06 3.78E-62 1.67E+92 7.27E+01 89
2.91E+04 2.96E+06 [.09E~902 2. 1{2FE+02 6.42E+01 101
3.63E+04 4.14E+06 2.58E-03 2.37E+02 5.67E+91 {13
3.42F+04 4. 37E+06 U.64E-04 J3.902E+02 S.16E+01 127
3.21E+04 4. 60E+06 1.12E-04 3.47E+02 4.76F+81 143
2.74E+04 4.41E+06 . 1.96E-05 3.92E+82 4.32E+01 (60
3.11E+04 5.53FE+06 3.18F-906 4.37FE+02 4.13E+01 ) irard
3.22F+04 6.31F+06 4.63E~97 4.82E+02 3.7BE+91 195
3.15E+04 6.69E+06. - 6.60E-88 3.27E+02 3.48E+01 212
1.63E+94 3J.84E+06 5.30E-99 5.80E+02 3.06FE+91 236
3.31E+04 9.01E+06 2.09E~10 6.38E+02 2.91E+81 272
3.215+04 9.39E+06 1.42E-11 6.83E+82 2.62E+8]1 298
2.57E+04 8.39E+06 4.%51E~-13 7.38FE+02 2.40FE+91 334
2.8%E+64 1.97E+07 8.82E-18 7.99E+02 2.25F+01 3753
9.42E+04 5.63E+07 0.09E+00 8.50E+62 1.14E+0t 600

MOUSSE CONSTANTS: MOONEY* 6.20E-91, NAX H20= .70, WIND**2s 1.00E-03
DISPERSION CONSTANTS: KA= t.08E-81, KB= 3,@0E+81, S~TENSION= 3.00E+d1
VIS CONSTARTS: VIS25C= 3.3@E+81, ANDRADE = 9.@0E+03, FRACT = 1.05E+0l

FOR THE OUTPUT THAT FOLLOWS, TIME=HOURS -
BBL=BAHRELS, SPGR=SPECIFIC GRAVITY, AREA=MxM
THICKNESS=CM, WsPEACENT WATER IN OIL (MOUSSE)
DISP=DISPERSION RATE IN GMS-M=M/HR
ERATE=EVAPORTION RATE IN GMS/MxM/HR

M/A=MASS PER M*M OF OIL IN THE SLICK '
{=FIRST CUT WITH GREATER THAN (X (MASS) REMAINING
J=FIRST CUT WITH GREATER THAN 30% (MASS) REMAINING

AREA THICKNESS

P . e s e
HRBN=PODNRNS BN~

8.3E+02 1.3E+03 1.6E-8t 38 1.9E+00 1.6E+90 9.4E+82

TIME BBL SPGR W DISP ERATE M-A I J
@ 1.0E+03 9.88 7.9E+03 2.0E+30 @ 7.7E+00 0.0E+00 1.8E+04 1 1
1 9.7E+92 0.88. 3.1E+04 3.0E-01 2 6.6E+00 9.9FE+d1 4.4E+03 1 2
2 9.5E+02 0.89 4.3E+04 3.5E-81 4 5.9E+00 4.2F+01 3.1E+03 1' 3
3 9.3E+02 0.89 5.2E+04 2.9E-01 7 5.3E+00 2.3E+01 2.5E+03 2 3

© 4 9.2E+02 0.8B9 6.8E+94 2.5E-91 9 4.9E+00 1.6E+01 2.2E+03 2 4
5 9.1E+02 0.89 6.6E+04 2.2E-81 11 4.5E+00 1.2E+01 2.0E+03 3 4
6 9.6E+062 0.89 7.2E+04 2.0E-01 14 4.2E+00 9.SE+00 1,.8E+03 3 4
7 9.6E+02 0.89 7.7E+04 1.8E-01 16 3.9E+00 7.TE+0@ 1.6E+03 3 4
8 8.9E+62 0.89 8.3E+04 1.7E-01 1B 3.7E+00 6.3E+00 1.5E+03 3 4
5 5.8BE+92 6.90 B.7TE+P4 1.6E~@1 20 3.4E+00 3.2E+00 1{.4E+03 3 4

10 8.8BE+82 9.99 9.2E+04 1.5E-01 22 3.2E+00 4.4E+00 {.4E+03 3 3

11 8.7E+62 0.90 9.6E+04 1.4E-81 24 3.0E+00 3.8E+0@ {.3FE+03 3 5

12 8.7E+02 0.90 1.0E+05 1.4E-01 26 2.9E+00 3.3E+90 1{.2E+03 3 5

13 8.6E+92 0.9 1.9E+03 1.3E-81 27 2.7E+00 2.9E+00 {.2E+03 4 3

14 8.6E+02 0.90 1.{E+d5 {.3E-81 29 2.GE+00 2.6E+00 1.1E+03 4 5

15 8.5E+02 0.90 1.1E+05 1.2E-01 31 2.4E+00 2.4E+06 1.1E+03 4 3

16 8.3E+02 0.90 1.1E+05 1.2E-01 32 2.3FE+00 2.2FE+00 (.1E+03 4 3

17 8.4E+02 0.90 1.2F+85 {.1E-81 34 2.2E+00 2.9E+@0 1.PE+03 4 5

18 8.4E+02 0.99 1.2E+@5 1.1E-01 335 2:{F+0Q 1.8E+00 9.9E+02 4 3

19 8.4E+02 0.96 1.2FE+95 1.1E~81 37 2.0E+00 1.7E+00 9.6E+02 : g

20 9.90
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TABLE 16b: I1lustration .of 80-Column Output grom Open-Ocean 0il-Weathering
Code, Prudhoe Bay Crude 03l at 60%F. (Note deletion of cut 1 at
becinning out of weathering output).

OIL WEATHERING FOR PRUDHOE BAY, ALASEA

CODE VERSION IS CUTVPZ OF FEBRUARY 83 :
TEMPERATURE= 69.0 DEG F, WIND SPEED= 10.@ KNOTS
SPILL SIZE= 1.@@0E+03 BARRELS

MASS~TRANSFER COEFFICIENT CODE= 2

FOR THE OUTPUT THAT FOLLOWS, MOLES=CRAM MOLES
CMS=GHAMS, VP=VAPOR PRESSURE INX ATMOSPHERES
BP=BOILING POINT IN DEG F, API=GRAVITY
MW=MOLECULAR WEIGHT .

MOLES - CMS VP BP API MW
2.36E+04 2.20E+06 B8.84E-82 1.67E+02 7.27E+81 89
2.91E+04 2.96E+06 2.83E-02 2.12E+02 6.42E+01 101
3.63E+04 4.14E+06 8.21E-08 2.57E+02 5.67E+01 113
3.42E+04 4.37E+06 2.00E-93 ' 3.02E+02 5.16E+8] 127
3.21E+04 4.60E+06 4.49E-84 3.47E+02 4.76E+01 143
2.74E+04 " 4.41E+86 B8.93E-08 3.92E+02 4.32E+0{ 160
3.11E+04 5.33E+06 1.66E-03 #4.37E+02 4.15E+01 177
3.22E+04 . 6.31E+06 2.89E-06 4.82E+02 3,78E+01 195
3.15E+04 6.69E+06 4.60E-87 5.27E+02 3.48E+01 212
10 1.63E+04 3,.B4E+06 #4.43E-08 3.50E+02 3.06E+01 236
1t 3.31E+04 9.91E+06 2.26E-09 6.38E+02 2.91E+a{ 272
12 3.21E+04 9.39E+06 1.88E-18 6.85E+02 2,62E+6{ 298
13 2.57E+04 B.59E+06 7.77E-12 7.38E+02 2.40E+0{ 334
14 2.85E+84 1.07E+07 2.97E-13 7.90E+82 2.25E+d1 375
15 9.42E+04 3.63E+07 ©0.00E+00 B8.50E+02 1.14E+01 609

MOUSSE CONSTANTS: MOONEY» 6.20E-01, MAX H20= 0.70, WIRD*x2= 1.00E-03
DISPERSION CONSTANTS: KA= 1.0BE-81, KB= 5.900E+01, S~-TENSION* 3.00E+01
VIS CONSTANTS: VIS25C= 3.50E+01, ANDRADE = 9.00E+03, FRACT = 1.@3E+01

omqoqouung

FOR THE OUTFUT THAT FOLLOWS, TIME=HOURS

BBL=BARRELS, SPGH=SPECIFIC GRAVITY. AREA=MxM

THICKRESS=CM, WsPERCENT WATER IN OIL (MOUSSE)

DISP=DISPERSION RATE IN GMS/M*xM/HR

ERATE=EVAPORTION RATE IN GMS/MxM HR

M-A=MASS PER MxM OF OIL IN THE SLICK

I=FIRST CUT WITH GREATER THAN % (MASS) REMAINING

J=FIRST CUT WITH GHREATER THAN 5% (MASS) REMAINING

CUT 1 GOES AWAY [N MINUTES, THEREFORE IT WAS DELETED AND THE CUTS RENUMBEHED

TIME BBL SPGR ARFA THICENESS W DISP ERATE - M-A

9 9.8BE+92 .88 7.8E+03 2.0E+00 9 1 .7E+01 0.0E+00 1.8E+84
9.5E+02 0.89 3.1E+04 4.9E-0! 2 1.39E+61 1.2E+02 4.3E+03
9,.2E+02 0.89 4.2E+04 3.4E-0L 5 1.3E+01 5.3E+91 3.1E+83
9.0E+02 0.89 5.1E+04 2.8E~01 7 1.1E+81 2.9E+01 2.5E+03
8.9E+02 6.90 35.9E+04 2.4E-01
8.7E+02 ©.90 6.3E+04 2.1E-01
8.6E+02 6.99 7,1E+94 1 .9E-0t

8.3E+92 0.90 7.6E+04 1. 8E-0f
8.4E+02 0.90 8.1FK+04 1L .TE-01
8.3E+02 0.9¢ 8.3E+04 | .6E~01 {
8.3E+02 0.90 9.0E+84 1, JE-01 6.0E+60 4.7E+900 1.3E+03
8.2E+02 0.90 9.4E+04 |.4E-0) 5.6E+00 4.0E+00 1.2E+03

9
12
14
16
18
20
24

4

8.1E+02 6.90 9.BE+04 1 .3E-01 26 5.2E+09 3.3E+08 1,2E+03
27
29
31
33
34
36
37

1.9E+81 1.9E+81 2.1E+03
9_1E+00 1.3E+91 {.9E+83
8.3E+00 1.0E+01 1.7E+03
7.7E+90 B3.1E+00 1.6E+83
8 7.1E+0@ 6.7E+8¢ 1.5E+e3
- 6.3E+00 5.6E+00 1.4E+a3

8.1E+02 .90 1.0E+65 (.3E-0t 4.9E+00. 3.1E+80 1.1E+83
8.0E+32 0.90 1.8E+05 {.2E-01 4.5E+00 2.8E+00 1.1E+03
7.9E+92 0.90 1.1E+85 1.2E-a1 4.2E+80 2.5E+80 1.1E+03
7.9E+62 @.90 1.1E+0835 {.1E-91 4_.QE+0@Q 2.2E+00 1.0E+83
7.8E+02 @.9@ 1.1E+85 {.1E-0t 3.7E+00 2.1E+86 9.8E+02
3 7.8E+82 9.90 1.2E+05 1.0E~01 3.35E+80 1.9E+00 9,3E+02
20 7.7E+92 0.90 1.2E+83 1.8E-01 3.3E+0@ {.7E+00 9.2E+02

P Bk ik fak foh ek e et Bl ’ .
DNCAELEN~SODAONb BN -
AAANAAANAP B P BDRON

i ol ol b e GO GO CACO 0 LI D LI CA DD D D e v pn e
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TABLE 17: Execution of Open-Ocean Qi1-Weathering Code on SAI's
DEC-10 System. Underlined Characters are Entered by User.

cornecting to host system.

Science Ase Inc 7013.20 CPi30%19 TTY31 swustem 1256
Connected to Node LJASYN(2) Line # =7

Flease LOGIN or ATTACH '

JOER 58 Science ase Inc 7018.20 TTY3i
PPN:4601,4401

Password: )

09150 8-Mar-83 Tue

+EX_CUTVP2,FOR
LINKS Loading
- LLNKXCT CUTVF2 executiond

DO IT AGAIN? .
N

CPU time 1.75. Elarsed time 23119.:85
EXIT

+PRINT CUTVR2,0UT | o
[Printer Job CUTVF2 aueueds recuest #4115, limit 351

+TYPE _CUTUP2.TYP

OIL WEATHERING FOR LIGHT DIESEL cuT

CODE VERSION IS CUTUP2 OF FEBRUARY 83
TEMPERATURE= _32.0 DEG Fs WIND SPEED= 10.0 KNOTS
SPILL SIZE= 1.000E+04 BARRELS

- MASS-TRANSFER COEFFICIENT CODE=" 2

+BYE
Chargse.,s. 0,1 J 3.7 cp 614 RO 41 WR= $ 0.67
lob 58 User OIL-WEATHER L44601,44011
Logsed-off TTY31 a3t 9:54:29 ofi  8-Mar-83
Runtime: Q0i00:03s KCS:97, Conrect time! 0:104:02
Disk Rezds:s48, Writesisss Rlocks saved:279

B-45



TABLE 18. 11lustration bf Procedure to Attach to 2 Job

Jlog 1234,1234 |
JOB 29 Sc¢ience App Ine 701.17¢ TTY?25
- Password:<cr>
Other jobs detached with same PPN:
Job 72 <program name> running
Do you want to ATTACH io this job? [Y[<cr>

ATTACH 78[1254.1234]

[LGNATJ Attaching to job 79 running <program name> in wser mode]
<er> '
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Attachment 1

HOW TO USE TELENET
 INFORMATION FOR TERMINAL USERS

YELCOME TO TELENET

The Telenet public network makes it possiblie for terminal users to disl
up a computer anywhere in the country at rates that are many times
lower than long distance telephone rates.

Once you have become an authorized user of any of the computer centers
on the network, you simply dial a local Telenet telephone number to
make your connection. No prior arrangements with Telenet are
necessary.

We think you will Tind the Telenet public network esasy to use and
highty reliable., If you are a new user, we suggest that you read
through this entire writeug first. If you have any questions, the
Cgstomer,Service Desk, (800) 338-0437, wiil be happy to help answer
them, : :

TELENET SIGN-ON PROCEDURE
The insfructions below explain how to connect to your computer through
Telenet if you are using an ASCII—t{pe terminal. In the examples, (cr)

= carriage return and _ (underscore] = space. Al| other messages are
automatically typed by Telenet. '

STEPS

1.7 Turn on the terminal and coupler.

2. Dial the nearest Telenet access number. When you hear 2 high-
pitched tone, place the telephone receiver ints the acoustic
coupler.

3. Type two carriage returns,

4. Telenet will give you a port identification number and ask you to
identify your terminal. Your response to "TERMINAL=" is a
carriage return or appropriate terminal type such as DECW<crd for |
DECwriter or Dl¢er) for a CRT or TI745.

5. The La Jolta Computer Center will require an identification code
and password before accepting your connection. In this case,
after Telenet prompts with an @, type ID, skip a space, and type
your ID code, followed by a carriage return.

Example:

QID [AJOLLA<cr)
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8.

Type in your password: ,
Password=nannnader) o caj] 454-3811 ext 2?31‘for.the password

After Telenet prompts with an @, type a C, skip 2 space and type

the network address of your computer, followed by a carriage

return. : : o :

Example:

@C_714_20¢ery (for DEC-10)

Teienet will respond with a connection message. You sre now ready -
to begin your conversation with the computer. - '
Example: - - -

(er)

SAI banner

PLEASE LOGIN OR ATTACH
LOG_P,PN<er>

Passwordt.....<cf)

If the wrong password is typed, the response is .KJOB.
To disconnect froh'your computer, log off as usual.

Hang up the phone to disconnect from Telenet.

¥ % ¥ %

DO _NOT USE TELENET 800 DIALIN DATA ACCESS. This in watts service costs
SAI far more than the cost allocated to computer users.

£ % % %
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CUSTOMER SERVICE
TELEPHONE 800-336-0437 (From Virginia 800-572-0408)

Telenet’s Customer Service Desk is available to assist users around the
clock, seven days a week. Important: If you are reporting a problem
with a network connection, be sure to give the port identification
number which you received at call set-up time. If you are not sure
what this number is, use the STAT network command (see page 5).

You may also contact Customer Service from your terminal. Follow
exactly the same procedure given for connecting to any network address.

CUSTOMER SERVICE NETWORK ADDRESS - 202 CS

This is a receive-only terminal on which you should leave your name,
telephone number, and a brief description of your problem.” Your
message will be responded to promptly by telephene.

If you would Iike general information about Telenet and its services,
please contact their corporate headquarters or any of the regional
sales offices listed below: : _ S

Boston 617} 890-0202
Chicago {312} 298-2188
Los Angeles 213) 477-2048
New York _ 212) 594-8844
DranEe County, CA 714} 881-4481
San Francisco 415) 854-5845

¥ashington - © {202} 837-7920
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EXPLANATION OF NETWORK WESSAGES

Messages that appear at call set-up time:

TERMINAL =

A Telenet ﬁrcmpt character that indicates that

the network is waiting for a command.
A request to enter your terminal model
identifier.

The network does not understand your command.
Check to see if *ou have made a tgping'error.
If not, contact Telenet Customer Service.

Messages that appear after you have requested a computer conpection:

CONNECTED

BUSY,
CONNECTIONS
"UNAVAILABLE -

NOT AVAILABLE

NOT RESPONDING
NOT OPERATING

ILLEGAL ADDRESS

Your computer connection has been establfished.
Foilow normal log-in procedures. :

All computer ports are femporarily in use.
Try again in a few minuites. "If this condition
persists, notify your computer center.

Your computer is not eyrredtly available to

network users. Check with your computer

center to see when service will be resumed.

Non-existent network address. Check for 2

typing error.

ILLEGAL DESTINATION ADDRESS -

ILLEGAL SOURCE ADDRESS

SUBPROCESS UNAVAILABLE

NOT REACHABLE

REFUSED COLLECT CONNECTION

STILL CONNECTED

You are not recognized as an authorized user
of this computer system. No connection can be
made by Telenet.: . ' * :
The apEIication program requested is not
avallable at this time. : '

Indicates a tem?orary network problem. Report
condition to Telenet Customer Service.

You must obtain a "™caller paid" identification
code and password in order to access this
system. Check with your computer center.

Your terminal is still actively connected to

this address. If you wish to resume your
session, enter the CONT command.
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STILL PENDING You have a request still pending for connec-

“tion to the address given. If you wish to
connect to a different network address, you
must disconnect with the D command.

DISCONNECTED This message normaliy appears when you have

D¢erd

{erd@ler)
CONT¢er)y

FULL<er>
HALF¢er)

STATCer>

TAPECcer>

TERM =

logged off your computer or when you have
g!ven the D command to the network. If it
appears b{ itself, it indicates your connec-
tion has been reset due to a problem. Follow
normal connection procedures to continue your
session. See Sign-On Procedure, Step 5,

- page 1. - : -

NETWORK COMEANDS

To reduest a connection to 2 computer address. The command
is followed by a space, the computer address and 3 carriage
return. ' '

To disconnect from your computer system. . This command is

used in cases where the computer does not automaticaily send
a DISCONNECTED message at fogout time. :

To interrupt your computer session to return to network
command mode. : S _ :

To retyrn to your computer session after you have been in
Telenet command mode.

To echo: keyboard input on ASCII terminals.

To stop the network from achoing keyboard input on ASCII
terminais.. - _ '

To détermine tﬁe idantificatipn number of the Telenet port
you are using.

To signify that your input will be paper tape or cassette.
After you have set up the computer utility program for taRe
Lransmission, returs to Telenet command mode. Type the TAPE
command. Then start your tape. Whea the tape iS completed,
depress the BREAK key.

To change the terminal identifier specified at call seﬁ?up

time. The command is followed by a new two or four-character
terminal identifier and a carriage return.
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LAST UPDATE: 08/09/82

* NEW TELENET CENTRAL OFFICE

- NEW 1200 BAUD ACCESS AVAILABLE

NEY. TELENET CENTRAL OFFICE ADDED CURRENT MONTH
$ NEW. 1200 BAUD ACCESS AVAILABLE ADDED CURRENT MONTH
% NEW-LEAD NUMBER/NUMBER CHANGED

GTEéTELENET PROVIDES LOCAL NETWORK ACCESS IN THESE U S.
CITIES OF 50,000 PQPULATION OR MORE. IN-WATS ACCESS IS AVAILABLE
IN OTHER LOCATIONS. 19200 BPS ACCESS NUMBERS REQUIRE THE USE OF
BELL 212- OR VADIC 3405- COMPATIBLE MODEMS, AS NOTED. _
(B} = BELL 212, (V) = VADIC 3405, (B/V) = EITHER BELL 212 OR VADIC 3405.

¢ > INDICATES THE ACTUAL LOCATION OF TELENET FACILITIES. IN |
SOME CASES, LOCAL ACCESS MAY REQUIRE EXTENDED METRO TELEPHONE SERVICE
OR INVOLVE MESSAGE UNIT CHARGES.

TELENET CUSTOMER SERVICE:
CONTINENTAL USA -- 800/336-0437
IN VIRGINIA -- 800/572-0408
OUTSIDE CONTINENTAL USA -- 703/442-2200

TELEMAIL CUSTOMER SERVICE: 703/442—1900

o 300 B8PS - 1200 BPS
AL%205 BESSEMER 326-3420 ¢BIRMINGHAM) 396-3420
ALE205 BIRMINGHAM 326-3420 326-3420
AL%205 FLORENCE 766-9101 766-9101
AL 205 HUNTSVILLE 539-2281 539-2281
AL%205 NCBILE 432-1680 . 432-1680
AL 205 MONTGOMERY - 285-1500 | V] 265-1500
AL%205 SHEFFIELD 7668-8101 (FLORENCE) /vy 766-9101
AK 907 ANCHORAGE 976-0271 | - 276-0271
AK 907 JUNEAU | - 586-9700 ' 586-9700
AR%501 LITTLE ROCK 372-4616 372-4618
AZ%802 MESA 954-0244 (PHOENIX 954-0244
AZ%602 PHOENIX 254-0244 | 254-0244
AZ%602 SCOTTSDALE 254-0244 (PHOENIX> 254-0244
AZ%602 TEMPE 954-0244 (PHOENIX> 254-0044
AZ 802 TUCSON 745-1666 | 745-1666
CA 213 ALHAMBRA 507-0909 <GLENDALE) 507-0909
CA 714 ANAHEIN 558-8061 (SANTA ANA> 558-7078
CA 805 BAKERSFIELD 397-8146 7v{ 827-8146
CA 415 BURLINGAME 595-0360 (SAN CARLOS) vy 591-0726
CA%213 CANOGA PARK 306-2984 (MARINA DEL REY> 306-2984
CA%714 COLTON 824-9000 824-9000
CA%408 CUPERTIND 294-9119 (SAN JOSE) 294-9119
CA%714 ES CONDIDO 743-1210 743-1210
CA 213 EL MONTE 507-0909 (GLENDALE) 507-0909
CA 714 FULLERTON 558-6061 (SANTA ANA) | 558-7078
CA 209 FRESND 933-0981 - 233-0961
CA 714 GARDEN GROVE 898-9820 - 898-9820
CA%213 GLENDALE 507-0909 507-0909
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CA 415
CA 213
CA$213
CA 714
CA 213
CA#213
CA 213

HAY¥ARD
HOLLY#00D
HOLLYW30D
HUNTINGTON BEACH
INGLE¥OOD
INGLE¥00D

LOS ANGELES

CA#213 LOS ANGELES

CA 415
CA 213
CA%213
CA 209
CA 415

CA 714

CA%415
CA 805
CA 415
CA 213
CA 415
CAZ714
CA%918
CA%408
CA%714
CA%415
CA 714
CA 415
CA%408
CA 415
CA 213
CA 714
CA 805
CA%408

Ca%213.
CA%408

CA 213
CA 213
CA 415
CA%805
C04303

04303

€0%303
CO$303

C0#303

CT 203
CT 203
CT 203
CT%203
CT1%203

CT%203

CT 203
DC%202

LOS ALTOS
LONG BEACH
MARINA DEL REY -
MODESTO i
MOUNTAIN VIEW
NEWPORT BEACH
CAKLAND -
OXNARD

PALD ALTO
PASADENA
REDWOOD CITY
RIVERSIDE
SACRAMENTO
SALINAS

SAN BERNADINGD
SAN CARLOS
SAN DIEGO

SAN FRANCISCO
SAN JOSE

SAN MATED

SAN PEDRO
SANTA ANA -
SANTA BARBARA
SANTA CLARA
SANTA MONICA
SUNNYVALE
TORRANCE |
$OODLAND HILLS
WOODSIDE
VENTURA
AURORA

BOULDER

COLORADD SPRINGS
DENVER

LAKE¥O0D

DANBURY
GREENWICH
HARTFORD
MILFORD

NEW HAVEN
STAMFORD |
¥EST HARTFORD

WASHINGTCON

881-1382
689-9040
837-3580
558-8061
889-9040
937-3580
683-9040

- 837-3580

856-9930
549-5150
306-2984
576-2852
856-9930
5588061
838-4911
859-4860
856-9930
507-0909
565-0360
824-9000
448-8262
443-4940
8243000
591-0726
931-1992
362-8200
994-9119
595-0380
549-5150
558-8061
882-5361
994-9119
306-2984
994-9119
549-5150
992-0144
856-9930
856-6780
773-8500

773-8500

834-5878
773-8500

773-8500

794-9075
348-0787
529-0344
624-5954
824-5954
348-0787
522-0344
429-7896

(LOS ANGELES)
{LOS ANGELES>
{SANTA ANA>

¢LBS ANGELES)
{LOS ANGELES)

¢PALD ALTO>
{SAN PEDRD>

(PALO ALTO>
CSANTA ANA)
CVENTURAY

(GLENDALE)

{SAN CARLDS)
<COLTON)

<COLTON)

{SAN CARLOS)

(SAN JOSE)>
{MARINA DEL REY)
{SAN JOSE)

{SAN- PEDRO>.
CPALD ALTDD
<DENVER>

(DENVER)

{DENVER>

(STAMFORD)
(NE¥ HAVEN)

(HARTFORD>
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624-2251
$37-3580
558-7078
624-2951
937-3580

Ny 824-2951

§37-3580
856-999%
548-6141

/V) 308-2984

576-2852
856-5995
558-7078
836-4911
656-6780

- 856-9995

507-0809

/V) 591-0726

824-9000
A48-.6282
443-4940Q
824-9000
581-0726
233-0233

966-5777

294-9119
591-0726

V) 548-8141

558-7078
682-5361

v 294-9119

306-2984
294-9119
548-6141

856-9995
§56-8760
694-2710
741-4000

- 894-2710

741-4000
§35-5361

- 894-2710

741-4000
§94-2710
741-4000
794-9075
348-0787
947-9479
624-5954
624-5954

Y 348-0787

247-9479
429-7800



DE 302
Fi. 813
FL 305
FLZ904
FL%305
FL 305
FL 813
FL+904
FL 813
FL 305
GA 404
GA 912
HI 808
IA 319
IA 402
IA 515
ID 208
IL 312
IL 217
IL 312
IL 312
Il 314
IL 312
IL 309
IL 312
IL 217
IL 217
INx%812
IN%219
IN 219
IN 317
IN 219
IN 219
IN 219
KS 818
KS 913
KS 318
KY*5092
KY%502
KY 808
KY%$502
LA 504
LA 318
LA%504
LA 318
ME 207
MD 301
MD 301
MD%202
MD 301
MD%202
MD%202
MD 301
MA B17
MA 617

KILMINGTON
CLEARWATER

FT. LAUDERDALE
JACKSONVILLE
MIAMI

ORLANDO

ST PETERSBURG
TALLAHASSEE
TAMPA

¥ PALM BEACH
ATLANTA
SAVANNAH
HONQLULU

CEDAR RAPIDS
COUNCIL BLUFFS
DES MOINES
BOISE

ARLINGTON HEIGHTS

CHAMPAIGN
CHICAGD
CICERO

EAST ST LOUIS
OAK PARK
PEORIA
SKOKIE
SPRINGFIELD
URBANA
EVANSVILLE
FT. WAYNE
GARY
INDIANAPOLIS
MISHA¥KA
OSCEDLA
SOUTH BEND
KANSAS CITY
TOPEKA
¥ICHITA
BOWLING GREEN
FRANKFORT
LEXINGTON
LOUISVILLE
BATON ROUGE
MONROE

NEW ORLEANS
SHREVEPORT
AUGUSTA
ANNAPQOLIS
BALTIMORE
BETHESDA
DUNDALK -
ROCKVILLE
SILVER SPRING
TOWSON
ARLINGTON
BOSTON

454-T710

393-4098 (ST. PETEY

764-4505
356-2284
372-0230
422-4088
323-4026
224-8824
224-9920
833-6691
o77-8911
236-2605
624-8110
364-0911

341-7733 (OMAHA, NE>

.288-4403

343-0611

938-0500 (CHICAGD)
384-8428 (URBANA)

938-0500

938-0500 ¢CHICAGOD)

421-4990 (ST LOUIS, MO»
938-0500 (CHICAGO) -

637-8570

938-0500 (CHICAGO>

753-1373
384-68428
424-5250
426-4022
882-8800
635-9630

933-7104 (SOUTH BEND>
933.7104 (SOUTH BENDS

233-7104

221-9900 (KANSA

933-9880
282-5669
843-9026
875-3920
933-0312
589-5580
343-0753
387-6330
594-4094
991-5833

-823-5136

266-6886
862-5010

S CITY, MO>

429-7898 <WASH., D.C.)
962-5010 (BALTIMORE)
429-7898 (WASH,, D.C.>
499-7896 (¥ASH., D.C.>
962-5010 (BALTIMORE)
338-1400 (BOSTON)

338-1400
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| 454-7710

393-4028
764-4505
358-2264
372-0230
429-4088
393-4026
994-8894
223-1088

523-0834

524-8221
364-0911

- 341-7733

988-4403
343-0611
938-0600
384-5428
938-0600
938-0600
421-4990
938-0600

- 637-8570

938-0600
753-1373
384-8428

| 424-5250

496-4022
882-8800
634-5708
933-7104
938-7104
933-7104
991-9900
933-9880
962-5669
843-9026

{ 875-3920
V) 589-5580

524-4094
221-5833
§23-5136.

- 727-68080

42$-7800
727-8080
429-7800

(¥, 429-7800

727-8060
338-74¢5
338-7495



MA 817
MA 817
MA 413
MA 413
MA#B17
MA 817
MA 817
MA 817
MA 817
MA 413
MA 617
MA%B17
MI 313
MI 818
MI 313
MI 313
MI 818
MI 818
MI%517
. MI 517
MI%313
MN%218
MNEB12
MN%612
MO 314
MO 818
MO 314
MS#801
MT 406
NE+402
NE 402
NH 603
NH 803
NV 702
- NJ 80¢

NJ 201
NJ 201
NJ 809
NJ 201
NJ 201
NJ 201
NJ 201
NJ 201
NJxB809
NJ 809
NJ 201
NM 505
NY 518
NY 807
NY 718
NY#518
NY 518
NY$212

NY%914

BROOKLINE
CAMBRIDGE
CHICOPEE
HOLYOKE
LEXINGTON
MEDFORD
NEWTON
QUINCY
SOMERVILLE
SPRINGFIELD
WALTHAM
WORCESTER
ANN ARBOR
BATTLE CREEK
DETROIT
FLINT

GRAND RAPIDS
KALAMAZOO
LANSING
SAGINAW
WARREN
DULUTH

MINNEAPOLIS -

ST. PAUL
FLORISSANT
KANSAS CITY
ST. LOUIS
JACKSON
HELENA
LINCOLN
OHAHA
CONCORD
PORTSHOUTH
LAS VEGAS

ATLANTIC CITY

BAYONNE
JERSEY CITY
MARLTON

MORRISTO¥N -

NEW BRUNSWICK

NEWARK
PASSAIC
PATERSON
PRINCETON
TRENTON
UNION CITY
ALBUQUERQUE
ALBANY
BINGHAMTON
BUFFALD
DEER PARK
HEMPSTEAD
NE¥ YORK

POUGHKEEPSIE

338-1400
338-1400
781-3811
781-3811
863-1550
338-1400
338-1400
338-1400
338-1400
781-3811
338-1400
755-4740
996-0351

- 968-0929

964-5538
233-3050
458-1200
385-0160
372-5400
790-5188

- 575-9480

722-1719
341-2459
341-9459
421-4990
221-8900
491-4990
969-0038
443-0000
475-8392

-341-7733

224-8110
431-2302

733-2158

348-0681

- 623-6818

823-8818
596-1500
455-0975
248-1090
623-8818
777-0952
884-7580
683-1312
989-8847

- 823-8818

243-7701
445-9111
7172-6642

847-0800

{BOSTON>
{BOSTON>

(SPRINGFIELD)
(SPRINGFIELDS

<BOSTON)
<BOSTON>
{BOSTON)>

(BOSTON)

{BOSTON>

{MINNEAPOLIS)

¢ST. LOUIS)

KNEWARK)
CNEWARKS

(NEWARKS

667-5566

292-0320
785-2540
736-0099
473-2240
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8V

BV

B/V

R

B/V

B/V)
B/V

B/V

)

4

(8/v

B/V
)
!
o
B/V

BV
o

)

- 338-7495

338-7495
781-3811
781-3811
863-1550
338-7495
338-7495
338-7435
338-7495
781-3811
33827495
755-4740
996-5995

- 868-092¢9
364-2089

(8/V)

(8/V)

L

233-3050
774-09686

484-2067

575-9480
722-1719
341-2459
341-92459
491-4990
991-9900
491-4990
969-0036

475-8392
341-7733
224-1024

737-6861
623-0469

623-0488
596-1500

- 455-0275

623-0469

684-7560
£83-1312
98G-8847
623-0469
943-4479
485-8444
772-6642
847-1440
667-5586
992-3800
785-3860
947-9800
473-2240



NY
NY
NY
NY
NY
NY
NC

NC

NC
NC
NC
NC
NC
NC
NC
OH
OH

716
518
315
518
315
914
704
704

919
919
919
919
919
919
918
216
918

0H%513
0HE218

OH
OH%
OH
OH
OH
OH%
OH
0K
oK
0K
oK
0K
aRrR
OR
PA
PA
PA%
PA
PA
PA
PA
PA
PA
PA
PA
RI%
RI%

SC%

SC%

814
513
218
218
918
419
218
405
405
405
405
918
503
503
215
814
717
814
215
419
215
412
717
215

3.
717

401
401
803
803

SC%803

SD

TN%B815 -

TN
TN%
TN

805

815
801
615

ROCHESTER
SCHENECTADY
SYRACUSE
TROY

UTICA/ROME

YHITE' PLAINS
ASHEVILLE
CHARLOTTE

DAVIDSON
CURHAM
GREENSBORO
HIGH POINT
RALEIGH

RESEARCH TRI.PARK

YINSTON-SALEN
AKRON

CANTON
CINCINNATI
CLEVELAND
COLUKBUS
DAYTON
EUCLID

KENT

PARMA

TOLEDD
YOUNGSTOUN:
BETHANY
NORMAN
OKLAHOMA CITY
STILLWATER
TULSA
PORTLAND
SALEM
ALLENTOWN
ERIE
HARRISBURG
JOHNSTOUN
KING OF PRUSSIA
PENN HILLS
PHILADELPHIA
PITTSBURCH
SCRANTON
UPPER DARBY
YORK
PROVIDENCE
WARWICK
CHARLESTON
COLUMBIA
GREENVILLE
PTERRE
CHATTANDOGA
KNOXVILLE
MEMPHIS
NASHVILLE

454-3430
445-9111
472-5503
445-9111
787-0920
328-9199
253-3517
374-0371

549-8311
549-8311
273-2851
899-2253
549-8311
549-8311

762-8791
452-0903

579-0390
575-1658
463-9340
461-5954

- 241-0940
878-5115

241-0940
255-7881
743-2298
232-4548

232-4548

232-4548
824-1112
584-3247
295-3000

CALBANY)
CALBANY>

CRESEARCH TRI. PARK>
CRESEARCH TRI. PARKS

¢RESEARCH TRI: PARK>

{CLEVELAND}
CCLEVELAND) -

COKLAHOMA CITY>
COKLAHOMA CITYS

378-7712 -

435-3330
453-7561
236-6882
535-7576
337-4300
288-9950
5740620
288-9950
961-5321
574-0620
848-6550
751-7912
751-7912
722-4303
254-0695
233-3486
994-6188
756-1161
523-5500
521-0215
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APPENDIX C., COMPGNENT-SPECIFIC DISSOLYTION:
COMPUTER CODE DESCRIPTION

In order to make the analytical solutions (as described in Section
4.5) for the component-specific dissolution usable they have been programmed
in FORTRAN to allow easy investigation of the results. This appendix'presents
the details of input-output information, examples of code usage, and a code
listing. o B o

Tables 1 through 3 present details on how the code is used. Table I
is an illustration of the input procedure. All the required input is promptéd
from the'keybdérd'and-echoed back to the uséf.‘7hh fnput'Errof can be correct-
- ed by answering yes to the question following the echo.

The output presented in Table 2 is the result of the input in Tab]e

1. Reasonable estimates of the 1nput parameters are used in this example from

“which an important conclusion can be drawn. The important parameters are the
(vertical) eddy diffusivity = 185 cm /sec (Pefto, 1982), the over-all mass-

transfer coefficient = 1 em/hr (Céhen, Mackay and Shin, 1980), and the ocean

depth = 5 meters. The calculated concentration profiles are always quite flat

from top to bottom while the average water column concentration increases by a

factor of 5 from ‘the first hour to the fifth, This indicates that the overs

all mass transfer coefficient is controlling -the rate at which the entire

water column is gaining mass of the transferring species. Increasing the
over-all mass-transfer from 1 cm/hr to 10 cm/hr and keeping all other param=
eters the same results in approximately 10 times more mass in the water column
over the same time frame as illustrated by the results in Table 3. As a re-
suit of this example it is evident that the over-all mass-transfer coefficient

18 ortant an
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Table 1: EXAMPLE OF INPUT FOR PROGRAM DISOLY TO CALCULATE MASS TRANSFER
BETWEEN OIL SLICK AND WATER COLUMN -

+EX DISOLV.FOR
LINK: Loadins '
CLNKXCT DISOLV executionl

ENTER THE EDDY DIFFUSIVITY», CMXCM/SECs TRY 100
185.

ENTER THE SLICK THICKNESSs TRY 1 CM
1.

ENTER THE OCEAN DEPTHs TRY. 20 METERS
Se

ENTER THE OIL/WATER PARTITION COEFFICIENTs UNITLESS, TRY 1000

ENTER THE OIL-WATER OVER-ALL MASS—-TRANSFER COEFFICIENT» TRY 1 CM/HR
i,

ENTER THE INITIAL OIL-PHASE CONCENTRATIONs GM/CCs TRY 0.001
005 '

ENTER THE NUMBER OF TERMS IN THE SERIES» ON. I3s» TRY 100
100 R

ENTER THE NUMBER OF INTERVAL HALVINGS TO USEs ON I2s TRY 20
20

ENTER VALUE FOR LEAD EXPONENTIAL FOR STEADY STATE APPRBXIHATIGNr
TRY 0.01
+01 :

1. EDDY DIFFUSIVITY

2. SLICK THICKNESS

3+ OQCEAN DEPTH g
4, OIL/WATER PARTITION
5. MASS TRANSFER K
6+ INITIAL OIL CONC.
7. NTERM = 100

8. NHALF = 20 -
9. STEADY STATE APPROXIMATION = 1,00D-02

1.85D0+402 CH*CH/SEC
1.00 CM '

S.0 METERS
2.50D+03 UNITLESS
1.00D0+00s CM/HR
S+00D-03 GM/CC

WANT TO CHANGE ANY?
NO

DO IT AGAIN?
NG

CruU time 1.72 Elarsed time 2:05.10
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Mass transfer within the 5-meter water column 'is quite fast as
indicated by the re1at1ve1y flat concentration profiles.

The aver-all mass-transfer coefficient appears to control the -rate at
which dissolved mass enters the water column. The over-all mass-transfer for
this problem is based on water-phase concehtrations since water-phase
concentrations are of interest. This coefficient is based on the individual
phase coefficients and a thermodynamic”‘equi1ibrium expression relating the
concentrations in each phase. This thermodynamic equilibrium expression'is'
typically called a Henry's Law coefficient or partition coefficient (Leo, et
-al , 1971). ‘The general relationships for the quant1t1es of 1nterest in the
oil/water system are (Treybal, 1955): :

Coi1 = Mhater _
1 = _1 + _m
koil koi? | kwater
1 = 1+ 1
kwater'- mkoi] kwater

where K stands for the over-all mass-transfer coefficient based on the phase
identified in the subscript and k stands for the individual-phase coefficient.

For the oil/water system transferring molecular species will have m
on the order of >1000 (unitless) which implies that the substance is quite
saluble in o0il and sparingly soluble in water. Since the over-all
massftransfer coefficient of interest is Kwater’ this yields

1 = 1 + 1
kwater !OOOkoil kwater
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Based on published work k is somewhat less than k

_ _ water _ oo odr but for
sparingly soluble substances, such as naphthalene, the above expression becomes:

] 1
Keater = Kuater

siqce the recipfuca] of mkoi] is quite smali. Typical values for Kwater'range

from 1 to 10 cm/hr (Cohen, et al , 1980). In general, since the transferring
substances of interest are quite soluble in 0il relative to water, the water
phase resistance usually is thée <controlling resistance to mass transfer.
Thus, the mass transfer coefficient in the water phase (under the oil slick) .
is the area of interest in improving prediction capabilities and understanding. .
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APPENDIX - CODE 70 CALCULATE WATER COLUMN CONCENTRATIONS

§ 8 g8

aannaan .

el
®

119

126
130
140
150
160

OF DISSOLVE OIL SPECIES

IMPLICIT REAL*8 (A~H,0-Z)
REALx8 L,LCM,LCM2.M,KZ,KZS ,XH,KPRME, MOIL , MWATER
REAL*8 LTIME
COMMON /TRANS, KH,HCAP
DIMENSION ALPHA(360),ALPHA2(366) ,P(386),CWP(300)
DIMENSION CTD(11,10),XP(11) ,TIMEP(1@),C0IL(19)
DIMENSION WATER(16) ,MWATER(10) ,MOIL(10) ,FLUX(18)
DIMENSION A2P(390)
DATA PIE.ETEST/3. 141592633600 ,30.D0.
tl)oumgmraaz,mm: *DSKD: DISOLY.OUT*) -

= 3

THIS CODE CALCULATES THE WATER~COLUMN CONCENTHATION
OF A SPECIFIC. COMPOUND DISSOLVING INTO THE WATER
- FROM AN OIL SLICKX

OCTOBER, {982

TYPE 10 :
FORMAT(/, 1X, "ENTER THE EDDY DIFFUSIVITY, CMXCM/SEC
1, TRY 100°)

ACCEPT 29, DW
_ FORMAT(F10.9)

TYPE 40 _ :
FORMAT(/, 1X, "ENTER THE SLICX THICKNESS, TRY 1 CM')
ACCEPT 26, DELTA
_ TYPE 40

FORMAT(/, 1X,*ENTER THE OCEAN DEPTH. TRY 20 METERS®)
ACCEPT 20, L

TYPE 30 _

FORMAT(/,{X. 'ENTER THE OIL-/WATER PARTITION GOEFFICIENT
1, UNITLESS, TRY 1060*) -
ACCEPT 20, M

TYPE 60 _ o
FORMAT(/, 1X, "ENTER THE OIL~WATER OVER-ALL MASS-—
LTRANSFER COEFFICIENT, TRY { CM/HR')

ACCEPT 20, XZ

TYPE 70 - o _ B
FORMAT(/, 1X, *ENTER THE [NITIAL OIL-PHASE CONCENTRATION
1, GW/CC, TRY 0.001°)

ACCEPT 20, CZ

TYPE 80

FORMAT(~,1X, 'ENTER THE NUMBER OF TERMS [N THE SERIES
1, ON 13, TRY 100°)

FORMAT(/, 1X, "ENTER THE NUMBER OF INTERVAL HALVINGCS
1 TO USE, ON I2, TRY 28°')

AGCEPT 99, NHALF _

TYPE 110 . _
FORMAT(/, 1X, *ENTER VALUE FOR LEAD EXPONENTIAL

1 FOR STEADY STATE APPHOXIMATION, ',/

2,1X,"'TRY 9.01')

ACCEPT 28, ELFAD

TYPE 136, DW

FORMAT(/,1X,'1. EDDY DIFFUSIVITY = *,1PD9.2,°' CMxCM
1/SEC*) -

TYPE 140, DELTA

FORMAT(1X, '2. SLICK THICKNESS = ', F3.2," CM"
TYPE 15, L _

FORMAT(1X, '3. OCEAN D = *,F3.1,' METERS')
TYPE 1606, M N

FORMAT(1X,'4. OIL-WATER PARTITION = °,1PD9.2,°* UNIT
1LESS"*)
TYPE 170, KZ
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010_90
01100
1110
01120
e113e
61140
01130
01160
01170
81180
01190
01200

" 91219

1220
81280
81240
91238
81269
1270
61280
91290
#1300
91319
91329

81

170

su :

gnm‘:

FOHHAT(IX. 5. MASS THANSFER X = '.1?])9-.2",“ cM

'I'YPE 180,
FORMAT( lx.'é. INITIAL OIL CONC. = *,1PD9.2,.' GM/CC')
99, NTERM .

FORMAT(1X,'8. NHALF = *,I3)
TYPE 210, Ez.mn _ :
FORMAT(1X,'9. STEADY STATE APPROXIMATION = *,1PD9.2)
TYPE 229 .
FORMAT(/, 1X, *"WANT TO CHANCE ANY?')

ACCEPT 230, ANS.

FORMAT(A1) '

IF(ANS.FQ.*'N") GO TO 330

"TYPE 240

FORHAT(/ 1X, "ENTER THE LINE NUHBE’H TO BE CEARCED }
ACCEPT 250. LIXNE

FORMAT(I1)

GO TO (260,270,280,290,309,310, 329,3308.,340) LINE
TYPE 10

ACCEPT 20, DW

G0 TO 120 -

TYPE 39

ACCEPT 2¢, DEFLTA

GO TO 120

TYPE 40

ACCEPT 20, L

G0 TO 129

TYPE S8

ACCEPT 20, M

GO0 TO 120
TYPE 6@
ACCEPT 20,
GO TO 120
TYPE 76
ACCEPT 290,
GO TO 120
TYPE 8@
ACCEPT 99, NTERM
GO TO 120

TYPE 100
ACCEPT 99, NHALY
GO TO 120

TYPE 110

ACCEPT 20, ELFAD
GO TO 120

CALCULATE THE PARAMETERS

EZS=EZ 3689 . D0
H=KZS/DW

LCM=100 . DOxL,
LCM2=LCM*LCH

HCAP=LCM*H

KPRME=LCM (M*DELTA)
TDL=DW-LCM2 _
HCAP2=HCAP¥HCAP
0SUM=2 . DO*EPRME*HCAP2
WSUM=2. De*HCAP2
FLEAD=2 . DXDW*HCAP2/LCH .
CLEAD=1 .D®. (1 .D8+KPRME)
XSTEP=LCM/16.D0
ES1ZE=DLOG (ELEAD) .
ESIZE=DABS (ESIZE)

WRITE (10U,36@)

R

:ﬂ: |
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9133

91349

91358
91360
01379
01380
91390
01400
91410
01420
01430
91440
01450
91460
01470
91489
01450
01300
91510
01320
e1330
01340
91350
91560
01570
@1580
01599

91660

91610
91620
01630
01640
01650
01660
01670
91680
01690
01790
e1710
91720

91730

017490
81730
91760
1779
91780
91790
91800
91810
81820
@1840
91840
91838

91866

91876
218580
91890
219500
81919
91920
21934
81949
41930
01960
81978
|198@

360

&
$

nnnnnonn.§

419

§

3

63

QOGO

FORMAT (1H1, 35X, 'WELL-STIRRED OIL SLaAB

1 IN CONTACT WiTH A DIFFUSION SLAB*)

WVRITE <(10U,.37@) DW,.DELTA,L

FORMAT(1X, "EDDY DIFFUSIVITY = . 1PD19.3

1,* CM*CM/SEC, 0IL SLICX THICKNESS = ' 9PF3.2
2, cnm, \N DEPTH = ',F5.1,' METERS®)

ITE, (I0U,380) M. K7 B _ _
FORMAT(1X, "OIL/WATER SPECIES PARTITION COEFFICIENT =
1,1PD10.3," UNITLESS, OIL-WATER OVER-ALI MASS TRANSFER
2 COEFFICIENT = *,{PD10.3,' CM/HR')

WRITE (10U,399) CZ,NTERM,NHALF . )
FORMAT( 1X.'IKITIAL SPECIES 0iL-~PHASE CONCENTRATION
1 = ', 1PD10.3,* GM-CC, NUMBER OF TEAMS IN THE: SERIES =
2,13.', NUMBER OF INTERVAL HALVINGS = ',I3)
WRITE (10U,480) ELEAD. .
FORMAT(1X, SIZE OF LEAD EXPONENTIAL TO
1 APPROXIMATE STEADY STATE = 'L 1PD9.2)

CALCULATE THE ROOTS OF THE TRANSCENDENTAL FUNCTION,
ONE ROOT PER PIE

. THE THANSCENDENTAL FUNCTION IS:
| F(X)=X2COTARCENT (X)=( X*X~EH)/ECAP
CNSUM=9 . DO o

P1+KPRME*HCAPXHCAP®( 1 . DO+KPRME)

P2=HCAP*HCAP+ACAP-2 . DOXEPRMEXHCAP .

WRITE (10U,410) P2,P1 :

FORMAT(/,1X.'P = ALPHA#®$ + *,1PD13.6,

1**ALPEA®*2 + * 1PD13.6)

EH=*KPRME*HCAP

WRITE (10U,429) HCAP,EPRME,XH

FORMAT(~,1X, '"HCAP = *,1PD10.3,', E-PRINE = *,1PD19.3

1,°, KN = * 1PD19.3)

CNORM=CZ/M _

CNORM6x ( 1 . D+86 ) =CNORM

DELTCZ=DELTA®CZ

CNORML = CNORM*LCN _

FLEAD=FLEAD®CNORM ' :

WRITE (10U,430) CNORM,CNORM6 : -

FORMAT(/, 1X, *THE NORMALIZING CONCENTRATION IS °*

1,1PD16.3,' GM/CC, OR ',1PD19.3,’ PPM')

WRITE (I0U,440) DELTCZ -

FORMAT(/, 1X, *INITIAL MASS/ARFA. OF TRANSPORTABLE

1_SPECIES = *,{PD9.2," GRAM/CMXCM')}

DO 47¢ N=i NTERM

AN=DFLOAT ()

AR1=DFLOAT(N-1)

XL=AN1%PIE

XL1=XL

XU=AN*PIE ;

XU1sXy

DO 460 I=i NHALF

XT= (XL+XU)/2.D0

TEST=F (XT) _ :

IF(TEST.LT.9.D0¢) GO TO 430

XLaXT -

GO TO 460

XU=XT

CONTINUE
CALCULATE OTHER PERTINENT QUANTITIES INVOLVING
THE ALPHA ROOTS .

ALPHA(N)=XT
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470

499

s19

annon

nnnn;

CALPHA=DCOS (XT)

ALPEA2 (N)aXT*XT

P(N)=ALPHAR (K)X(ALFHAS (N)+P2) +P1

AP (N)=ALPHAZ(N)-P(N) :
CWP(H)=(ALPHA2 (NI ~KH)» (P (N)®CALPHA) -

CMSUM=CMSUM+1 .DO/P(X)

CORTINGE

Q._é'CﬂOBHG*CI_._EA.D

WRITE (_'1100_..480) CLEAD,CL6 _
FORMAT(/~,5X,'THE CONSTANT TERM IN THE CONCENTRATION
; EXPBESS' PPH')IORB IS = *,1PD9.2,' DURITLESS, OR '.11'.1)9.2
WRITE (10U,49€)

FORMAT(5X, ‘WHICH IS THE STEADY STATE WATER CON
1CENTRATION"®)

DTIME=ESIZE-ALPHAZ(1)

STIMES=LCM2*DT IME-DW

STIMEH=STIMES/3606.D8 : :

WRITE (10U,500) STIMES,STIMEH o ' ,
FOBHAT(/ 3%, "STEADY STATE TIME = '.1PD196.3," SEC
1, OR .lPDlO 3,7 HOURS')

CHSUM=2, DO*!PWBGAP*HCAP‘GBSUH
CMZERO=CLEAD+CMSUM :
WRITE (10U,319) CMIZERQ -

FORMAT (/' ,3X, "THE TIME=® DIHEHSIOHLI'SS CONCENTRATION
1 IN THE OIL = ", 1PD13.6)

NOW COMPUTE SOME CONCENTRATION PROFILES AT TIMES
BEFORE STEADY STATE

m-l/lo.no
 TSLOG= (DLOG10 (DTTME) )/whno
TSCALE=LCM2/ (3600 . DOXDW)
LTIME=9 .D¢
DO 579 ITIME=1,10
LTINE=LTIME+TSLOG
TIME=10.DéxxLTIME
TIMEP( ITIHE)"WIHE

XCARC=ALPHA (N)*XARG

" COSINE=DCOS (XCARG)

FARG=ALPHA2 (N)*TIME
IF(EARG.GT.ETEST) GO TO 33@
SUH'SHH‘FGHP(H)*COSIRE*DFXP(*EAM)
CONTINUE

SUM=CLEAD-2 . DOxHCAP*SUM

CID(JIX, ITIME) =S0M

XP(JX)=X

X=X+XSTEP

GOHTINUE

CALCULATE TEE olIL GOHCENTBATION AISG FOR THE CIVEN
TIHE. AND THE AVEBRAGE WATER CONCENTRATION

SUM=9. DO

FSUM=&.Deo

DO 356 N=1 ,NTERM
EARG=ALFPHA2(N)*TIME
IF(EARG.GT.ETEST) GO TO 560
EXTERM=DEXP (-EARG)
SUM=SUM+EXTERM-P(N) )
FSUM=FSUM+AZ2P(N)XEXTERM

X

- C-12



ase
360

396

6160

% 3 28

669

70

fRann

690

7ie

CONTIRUE

COIL( ITIME)=CLEAD+OSUM*SUM

WATER( ITIME) =CLEAD-NSUM*SUN

FLUX( ITIME) = FLEAD®FSUM

CORTINUE

WRITE (10U,588)

ronnn'(//.sx "DIMENSIONLESS CONCENTRATIONS AT
1 VARIOUS TIMES AND DEPTHS FOLLOW')

WRITE (I0U,390)

FORMAT(/, SX. *METERS*,3X, "HOURS' ,9(6X, "HOOURS "))
WRITE (IOB 609) (TIHEP(I) i=1, 19)
FORMT(!OX 19(2X, 1PD¥.2) ./)

DO 638 J’X’l 11

WRITE (10U, 6105 XP(JX), (CTDCIX, IJ I=1.19)
?OBHAT(SX.FS 1,10(2X, 1PD9 2))

DO 620 I=1,.10

CTD(3X, I)SGHOBHm(JX 1)

CONTINUE

CONTIXUE .
WRITE (I0U,648) (COIL(I),I=1, IO) !

FORMAT(/ 6}(. *OIL’,/, SX.’CONG. +19(2X, IPD‘) 2»)
WRITE (IOII 688) (WATFR(I).I51,10)
FOBHAT(/.QX. AVERAGE' ., 5!( HA'I'EH o 53.‘00!!0.
$.1002X,1PD9.27)

WRITE (IOU 660}

FORMAT(//, 53. *ACTUAL concr.n‘mnxons iX PPM

1 AT VARIOUS TIMES AND DEPTHS

WRITE (10U,3590)

WRITE ¢(10U,609) (TIMEP(I),I={,1@)

DO 670 JX'! 11

WRITE (100, 61.) XPAJIX), (CTDCJIX,1),151,10)
CONTINOE

CALCULATE THE OVER~ALL MASS BALANCE TO SEE THAT
ALL THE MASS IS ACCOUNTED FOR

CZ6=CIx( ] .D+36)

DO 680 I=t,1@

MOIL(I )-DELTGZ*COIL(I )

MWATER(I )aCNORMLAWATER(I)

GOIL(I)»CZ6xCOIL(I)

WATER(1 )-cnoamawnmt |9

CONT'INUE

WRITE (IOU,648) (COIL(1),1s1,19)

WRITE (10U,639) (WA’I’EB(I) I=1,18)

WRITE (10U,699)

FORMAT(~, 1}( *THEE MASSES THAT FOLLOW ABE I¥ GRAMS
1/CHeCM, THE FLUX IS IN CRAMS/CM*CM-SEC’

WRITE (IOU,?OO) (MOIL(I),1%1,18)

FORMAT(/,4X, 'MASS IN*,/, 6!{. 'O!L' tX
1.18(2X,1PD9.2))

WAITE (IOU.?!D) (MWATER(I),I=1,16)

FORMAT(/ ,4X, *MASS IN® ./.SX.'WATEB » 18(2X,1PD9.2))
WRITE (I0U,720) (FLUN(I),I=1,18)

FORMAT(/,3X, *MASS FLDX® ./.QX.'AT SURFACE®
»iPD9. X, 9(2X,1PD9.2))

!‘ORHATEI‘. 1X,°DO IT ACAIN?*)
ACCEPT 230, ARS
IF(ANS. m. 'Y') GO TO 120

DOUBLE PHECISION FUNCTION F(X)
INPLICIT REAL®8 (A-H,0-Z)
BREAL®8 KH

XH,HCAP

]

COMMON /TRANS~
SINE=DSIN(X)
COSIRE=DCOS(X)
rsmcos:wsxn-(x:x-n)/nmr
RETURN
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APPENDIX D

CODE LISTING FOR DISPERSED-OIL CONCENTRATION
PROFILES WITH A TIME VARYING FLUX
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The computer cade listing and user's instructions in this Appendix are for tne
calculation of dispersed-oil concentrations in. the water column for a time-

varying flux (Se;tion 4.9).. The user's instructions presented im the
following example prompt the user for specific input and provides sample input.
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TABLE 1. Example of Input for Calculation of Dispersed-0il concentratian
profiles for a time-varying flux.

«EX DSFLUX.FOR
LINKS Loadins
CLNKXCT DSFLUX executionl

DO YOU WANT QETﬁILED INPUT INSTRUCTIONS?
YES

THIS CODE CALCULATES THE WATER=COLUMN CONCENTRATION OF DISPERSED OIL.:
YOU MUST ENTER THE FLUX AT THE SURFACE IN THE FORM OF AXEXFP(-BXTIME).
YOU CAN ENTER THE FLUX AS A SUM OF THESE EXPOMENTIALS.

AN EXAMPLE DERIVED FROM THE OIL-WEATHERING CODE FOR A

- DISPERSION FLUX (20-KNOT WIND) FITTED WITH TWO EXPONENTIALS IS:
All)mg.4AD=-08 GM/CHMRCM/SEC

B(1)=2,030~06 INVERSE SECONDS

A(2)w%, 10=07 :

B(2)#3.19D~0%

FOR THE NUMBER OF TERMS IN THE SERIESs USE 100

ENTER THE VERTICAL DIFFUSIVITY: CHXCM/SEC
185,

ENTER THE OCEAN DEPTH» METERS
=0,

ENTER THE MAXIMUM TIMEs, HOURS
24,

ENTER THE NUHBER OF TERMS IN THE SERIES ON I3
100

DO YOU WANT PREVIQUSLY STORED DISFERSION KRATE COEFFICENTS TO BE USED
FOR A 10~s 20=+ DR 40~KNOT WIND?
YES

ENTER 10+ 20 OR 40 FOR THE WIND SPEED YOU WANT
20.

1, VERTICAL K = 1.3%00+02 CMXCM/SEC
2, OCEAN DEPTH = 50.0 METERS

3, MAXIMUM TIME = 24, HOURS

4, NUMBER OF TERMS IN THE SERIES = 100
5. NUMBER OF EXPONENTIAL FITS = 2

6. ACL) =  4.4000-08 GH/CHMXCM/SET

7. BC1) = 2,0300-06 1/SEC

8. A(2) = 5.100D-07 GM/CHMXCM/SEC

9. B(2) = 3.190D-05 1/SEC

WANT TO CHANGE ANY?
NO

DO IT AGAINT
NO

CPY time 2.21 Elarsed time 1:08.18
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TABLE 2.

Code Listing for Calculating the Dispersed-oil Concentrat1on
Profiles with a Time-Varying Flux.

.

08010

00020
00930
80040
00050
80060
00070
00080
80090
00100
001190
20120
00130
00146

‘40150

00160
00179

© 00180

00190

00200

00210
00229
00230
00240
00250
00260
00270
00280
00290
80300
00310
00320
00330
00340
00350
90360
00370
00380
00390
00400
00410
80420
00430
00440
00450
00460
00470

00480

00490
203500
00510
60520
00530
68540
00550
00560

.89570

20580
00599
20600
20610
00620
00630
00640
80650
00660

QOOaOGH

1@

20

3o

49

so

60

70

100
110

i2s

130

140
158

160

170

IMPLICIT REAL*8 (A-H,0-Z)

REAL*8 X.L.lL2,KP2L,KP2LN

DIMENSION AI{5).BI¢5).Cc10, 10 5. +ABL(3) .TIME(19) ‘
1 .SINGLE(S) SQRTBK(S).SQBTKB(S) BD<(3500.3) . KP2LN(500)
2, BATE(iO) GRAMS(10,5) ,ACONC(10,5) .A10(3) .B10(3)
3.,A20(35) B20(5) A40(5) B40(5).a(10 19, 5).SZEBO(10 3
4 ,.CZERO(10 .53 XP(tl)

DATA Ate-1, B9D—0? 2. 03D—08 3*0. DO~

DATA Bi@r!.436D-03.1.062D-06,3%6.D0/

DATA A20-6.4D-08.35.1D-07,3%6.D0/

DATA B20.2.03D-06.3, 9D~05.3%0.D0s

DATA A4071.12D-07.4.04D~-07,3%0 DO/

DATA B40,3.6335D-06,9.26D-06,3%0.D0~

DATA ETRAP,.PIE, PlE2/50 P0.,3.141592654.9.869604401.7

TEIS IS A CODE TO CALCULATE THE WATER-COLUME
CONCERTRATION OF DISPERSED OIL WITH A FLUX BOUNDARY
CONDITION

DECEMBER, 1982

OPEN{UNIT=33,DIALOG=*DSKD:DSFLUX.OUT")
10U=33

TYPE 1@

FORMAT(/,1X, 'DO. YOU WANT DETAILED IRPUT IKSTHUCTIONQQ‘
ACCEPT 460. ANS

IF(ANS.EQ. 'N") GO .TO 120

TYPE 20

FORMAT(~.1X. "THIS CODE CALCULATES THE hATER—COLUHN

i CONCENTRATION OF DISPERSED OIL.')

TYPE J0

FORMAT (1X.'YOU MUST ENTER THE FLUX AT THE SURFACE IN
t THE FORM OF A®EXP(-B*TIME).')

TYPE 40

FORMAT(1X, "'YOU CAN ENTER THE FLUX AS A SUM OF THESE
1 EXPONENTIALS.

TYPE 50 . B
FORMAT(1X, 'AN EXAMPLE DERIVED FROM THE OIL-WEATHERING
1 CODE FOR'A')

TYPE 6@

FORMAT (1X, "DISPERSION FLUX (20-KNUT WIND) FITTED WITH

I TwWO EXPONENTIAL: IS:*)

TYPE 70 . _ _
FoggArclx "AC1)%6.4D-08 GM/CM*CM/SEC")

TY

FORMAT(1X, *B(1)=2.03D-06 INVERSE SECONDS')

TYPE 90

FORMAT(1X, "A(2)x5.1D-87")

TYPE 106

FORMAT(1X, *'B(2)=8.19D-05")

TYPE 116 :

FORMAT(1X, 'FOR THE NUMBER OF TERMS IN THE SERIES,

1 USE 100°)

TYPE 136

FORMAT (/. tX, *ENTER. THE VERTICAL DIFFUSIVITY CH+CH
1/SEC")

ACCEPT 140, K

FORMAT(F10.0)

TYPE 150

FORMAT(/.1X, 'ENTER THE OCEAR DEPTH. METERS")
ACCEFT 140, DEPTH

TYPE 168 _
FORMAT(, 1X, 'ENTER THE MAXIMUH TIME. HOURS®)
ACCEPT 140, HOURS

TYPE 179

FORMAT{(~,iX, 'ENTER THE NUMBER OF TERMS [N THE SERIES
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TABLE 2. (Cantinued)

96670 ! ON 13%)
20680 ] ACCEPT 180, NTERM

00690 180 FORMAT(I3)

00700 . LIB=1

00710 . TYPE 190

00720 190  FORMAT( .1X,'DO YOU WANT PREVIOUSLY STORED DISPERSION
90730 1_RATE COEFFICENTS TO BE USED")

00740 TYPE 200

00730 200 FOAMAT(I1X.'FOR A 10—, 20-, OR 40-KNOT WIND?')
00760 ACCEFT 460, ANS

00770 IF(ANS.EQ.'N’) GO TO 270

00780 NEF=2

20790 LIB=2

00800 - TYPE 216 )
90816 218  FORMAT(/,1X, EFTER 10, 20 OR 40 FOR THE WIND SPEED
80820 1 YOU WART')>

00830 ACCEPT 140, WIND

06840 220 IF(WIND.EQ.48.) GO TO 250

20850 IF(WIND.EQ.20.) GO TO 260

00860 IF(WIND.EQ.108.) CO TO 240

20870 TYPE 230

0880 236  FORMAT(/,.{X.'YOU MUST ENTER i1¢. 20 OR 40. BUT
00890 1 YOU CAN ENTER © TO ENTER THE DATA YOURSELF ')
00900 ACCEPT 140, WIND

009190 IF(WIND.EQ.®8.) 60 TO 270

00920 GO TO 220

90930 240 AI(1)=A10(1)

00940 BI(1)=B10(1)

00950 AI(2)=A10(2)

00960 BI(2)=B10(2)

#0970 GO TO 360

90980 250 . AI(1)=A40(1)

00990 BI(1)=B40(1)

21000 AL(2)=440(2)

0i010. : BI(2)=B40(2)

01020 GO TO 360

81030 260 AI(1)=a20(1)

01640 BI(1)=820(1)

01030 Al(2)=A20(2)

01060 . BI(2)=B20(2)

01070 GO TO 360

#1080 270 TYPE 280
81096 280  FORMAT(/,.1X.'ENTER THE NUMBER OF EXPONENTIAL FITS OR 11%)

211609 ACCEPT 299, NEF

o111 290  FORMAT(I1) o

91126 IF(NEF.LT.5Y GO TO 220

1130 TYPE 360

81140 300 FORMAT(/, X, TBE NUMBER OF EXPONENTTAL FITS MUST
21130 1 BE 4 OR LESS.

21160 TYPE 310

‘91170 310 FORMAT(1X. *AND Tﬂla NUHBER HAS BEEN RESET TO 4°)
81180 NEF=4

91190 320 PO a%8 I1=1 ,NEF

21200 TYPE 330, I

e1210 330 FORMAT(,1X, "ENTER AC*, 11,7, GM/CM*CM/SEC* )
01220 ACCEPT 140, AI(I)

- 81230 TYPE 348, |

01240 340 FORMAT(~.1X. ENTER B('.I:. . 1/SEC*)

91250 ACCEPT 149, BI(I)

01260 a5e CONTINUE
01270 360 TYPE 376, K
01280 av7e FORMAT(~,2X.'1. VERTICAL K

".1PD10.3." CM*CM/SEC")

01299 TYPE: 380, DEPTH
01300 386 FORMAT (2X, OCEAN DEFTH = *,F5.1,” METERS'}
#1310 TYPE 390, HOURS

1]

91320 390 FORHAT(2X '3, MAXIMUM TIME '*,F5.0," HOURS')
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TABLE 2. (Continued)

&

e133e TYPE 400, NTERM
81340 400 FORMAT(2X,'4. NUMBER OF TERMS IN THE SERIES = °
01350 1.13) '
eize0 - TYPE 410, NEF o _ ‘
01370 419 FORMAT(2X.'5. NUMBER OF EXPONENTIAL FITS = '.I2)
21380 IROW=5
21390 DO 440 I=1,NEF
91400 TROW= [ROW+1
01410 TYPE 420, IROW.I,AICI)
01420 . 420 FORMAT(/,1X,12,'. A{',I1,') = ',1PD18.3," GM
21439 1/CM*CM/SEC* } ,
01440 IROW= IROW+1
91450 TYPE 430, [ROW,I,BI(I)
01460 430 FORMAT(/,1X.I2.*. B('.I1,*) = *,1PD19.3." 1/SEC*)
01470 . 440 CONTINUE :
01480 TYPE 458
91490 450 FORMAT(/, 1X, 'WANT TO CHANGE ANY?')
01500 . ACCEPT 460, ANS :
01510 4680 FORMAT(A1) _
01520 IF(ARS.EQ.*K*) GO TO 550
21530 TYPE. 470
91549 470  FORMAT(-.1X,.'ENTER THE LINE NUMBER TO BE CHANGED")
21550 ACCEPT 290, ICHNG
01560 IF(ICENG.GT.5) GO TO 53@
81579 GO TO (480,490,500.510,520), ICHNG
01580 480 TYPE 130 ‘
01590 ACCEPT 140, K
91600 GO TO. 360
01610 490 . TYPE 150 _
81620 ACCEPT 140, DEPTH
81630 . - GO TO 360
01640 500 TYPE 160
01630 ACCEPT 140, HOURS
01660 €0 TO 360
91670 510 . TYPE 170
61680 ACCEPT 180,
91690 GO TO 360
01760 320 TYPE 280
01710 ACCEPT 290, NEF
01720 IF(REF.LT.3) GO TO 360
01730 TYPE 300
01740 TYPE 310
01750 NEF=4
91760 €O TO 360
01770 €
21780 € IS ICHNG EVEN oa 0DD?
81790 C
91800 330 Z=DFLOAT(ICHNG)
81810 D=Z/2.D0 '
81820 M=D
21330 E=DFLOAT(M) _
01840 TEST=DABS{(E-D)
01850 IF(TEST.GT.@.1D8) GO TO 540
01860 C _
01870 ¢ ICENG IS EVEN, ENTER Al (D)
e1880 € -
81890 1= (ICHNG~4) /2
91900 TYPE 330, I
01910 ACCEPT 140, AI(I)
01920 GO TO 360 .
01930 540  I=(ICHNG-5)/2
#1948 C - o
919506 C 1CHNG ‘IS ODD. ENTER BI(J)
91968 C B :
91970 .. TYPE 340. 1

01980 ACCEPT 14@, BI(I)
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TABLE 2.

{Continued) j

91990
92000
02010
02020
02030
92040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140
02150
02160
#2170
#2180
82190
82200
02210
02220
02230
02240
02230
02260
02270
02280
92290
02300
92319
02320
02330

02340

02350
082360
082370
82380
92390
82400
92410
92420
02430
92440
824350
82460
92470
92480
92490
92500

92516 .

923520
#2536

. 82540

02550
82560
92570
02580
02590
02600
02610
02620
02630
02640

550

560
370

590
580

aQannaconaa 3:1ncmnczncsntmorun
. ) -

[elxly

6350
660

679

GO TO 360

CONTINUE _ L

GO.TO (560,619) LIB -

TYPE 570

FORMAT ¢/, :x *THE WIND SPEED IS USED FOR IDENTIFICATION

1 PURPOSES,
TYPE 580

FORMAT({X, 'SO ENTER THE WIND SPEED [N KNOTS')
ACCEPT 146, WIND

TYPE 6006, WIND . _

lrgg‘r}?ru 1X,'YOU ENTERED ',.F5.8,' KNOTS. IS THIS

ACCEPT 460, ANS o

IF(ANS.EQ.'N*) GO TO 590

CALCULATE THE CONTRIBUTION FOR THE WATER-COLUMN
CONCENRTRATION FOR EACH A.B SET

TBE CORCENTRATION ARRAY IS SET UP SO THAT THE:
ROW INDEX IS DEPTH
COLUMN INDEX IS TIME
LEVEL INDEX IS A.B SET NUMBER = J
CONVERT THE TIME TO SECONDS

TSEC=3600 . DOXHOURS
TSTEP=TSEC/10.D0

e S S T2 T e S S AR REAKE

WARNING: THE COORDINATE FRAME FOR THIS PROBLEM IS
RgVERSED 1.E., IHE OCEAN BOPIOM IS AT X=9, THE SURFACE
IS AT X=L

RS S S S S e b S S s St S *x x':x‘-*:*******

CONVERT THE DEPTH TO CENTIMETERS

L=169 .De*DEPTH
KSTEP=L-10.D®
L2=L*L
KP2L:zK*PIE2/L2
PIEL=PIE-L

THE J INDEX RUNS THE A.B SET NUMBER

WHITE (10U, 620)

FORMAT{ 1H1.4X, *CONCENTRATION OF DISPERSED OIL [N THE

1 WATER COLUMN. CALCULATED BY EXPORENTIAL FITS TO A GIVEN
2 DISPERSION RATE")

WRITE (I0U.630) K,DEPTH.HOURS

FORMAT (-, 53X, "VERTICAL DIFFUQIVITY # ".1PD10.3 .
1.’ Cﬂ*CH/bEC. DEPTH = ',8PF6.9,° METERS. MAXIMUM
2 TIME = *.F6.0.' BOURS® )
WRITE (10U,.646) KP2L :
FORHAT‘/.ﬁX.'K*PIE*?IE/L/L = *,1PD10.3 - -

£,' t/SEC*y .

WRITE (10U,650) NTERM.NEF

FORMAT (~.GX, *NUMBER OF TERMS IN THE SERIES = °
1.14,', NUMBER OF EXPONENTIAL FITS = *,12)

WRITE (10U, 660)

FORMAT(/,3X. "THE EXPONENTIAL FIT COEFFICIENTS

1 FOR THE DISPERSION RATE (RATE=A*EXP(-B*TIME)) ARE:
WRITE (10U,670)

FORMAT(3X, "UNITS ARE A==GM/CM*CM/SEC. B==1,SEC")



TABLE 2.

©- 92788

{Continued)

02630

092660
282670
02680
92699
92700
02710

92720

92730

82740

92750

92760, -

02770

92790
92800

82816

92820
92830
02840

42850
92860

023870
02880
92890
92960
92910
02920
92930
92940

2950

92960
2970
82980

929990

93000
03010
93020
03030
03040
903050
03060
03670
23080
03090
03100
83110
03120
03130
03140
03156
03160
93170
93180
23190
83200

‘93210

03220

a323e

93240
03256
#3260
#3270
a3280
832990
03300

690
709

GQaAnaN

729

739

[elrivly

(¥l v}’

760
776

[vIrirly]

naa

WRITE {10U,680)

FORMAT (/. 24X, 'AI(J)'.!SX ‘BICIY™)
DO 700 J=1 NEF

WRITE (I0U,690) J.Al(J),BI(J)
FORMAT( 10X, ll L2010X, 1PD10. 37)
CONTINUE

SET UP THE TIME qTEPS FOR PRINTINC

TS HOURS~19.D0.
T=0.D0

DO 710 IT=1,10
T=T+TS
TIMEC(IT)=T
CONTINUE

WRITE OUT WHAT THE DISPERSION RATES ARE FOR THE
A.B DATA SETS S0 YOU CAN TELL IF YOU GOT
THE CORRECT [NPUT

WRITE (I0U.720) WIND
FORMAT(~, 5X, "THE DISPERSION RATE FROM THE ABOVE

1 A.B DATA SET FOR A WIND SPEED OF .F3.0.' KNOTS IS:')

.WRITE (10U,730)
FORMAT(~, 18X, 'TIME", 11X, "RATE" )
WRITE (10U.740) _
FORMAT (18X, *HOUR", 9%, "GM-M*H/HER* )
T=0.D0

DO 770 IT=1.10

T=T+TSTEF

RATE (1T)=9.De

NOW. CALCULATE TEE CONTRIBUTIORS TO THE
CONCENTRATION PROFILE FOH EACH A.B INPUT SET

DO 756 J={ NEF

TARG=T*BI (J)

1F (TARG .CT.ETRAP) CO TO 730
BATE(IT)-BATE(IT)+AI(J)*DEXP(-TARG)
CORTINUE

CONVERT THE RATE TO CM-M*M-HR AND PRINT IT

RATE(IT)'RATE(IT)*(S 6D+07)
WRITE (10U.760) TIMECIT).RATE(IT)
FORMAT( 10X, 2(5X, 1PD!0 an
CONTINUE

BEGIN CALCULATING J CONTRIQUTIONQ TO THE WATER-
COLUMN CONCENTRATIONS OF DISPERSED OIL

DO 7809 I=1,10
GRAMS(1,5)=0.D0
ACONC(I,5)=9.De
CZERO(1,5)=9.Do
SZERO(1,5)=9.D0
DO 780 J=1.10
CeI,J,5)=0.D0
S¢1,J.5)29.D0
CONTINUE

DO 1106 J=1, NEF

ABL(J) IS THE LEAD CONSTANT FOR CONCENTRATION

ABL(I)=AT(J)/{BI(J)=®L)
SQRTBK(JY=DSQRT(BI (J)-K)

D-8



TABLE 2,

(Continued)

03310
03320
0333e
03340 790
233350

03360

03370

03380 800
03390

03400 -
03410 816
63420
93430
03449 B2
23450 Cc
23460 c
03470 C
03480 C
03490 - €
03360 C
03510
83520
3530
23340 -
235350
03560
03370
03380
83590
03600
03610
03620
03630
83640
03650
03660
03670
03680
03699
03700
03710
3720
03730
03740
83750
03760
83770
03780 840
03790

03800

238160

03820

03830 830
93840
03850 8
93860 C
3870 g

[vEvTy]

onn-g

‘83880

03890
03900
e39i@ 870
839290
03930
083940

039350 880

93960

SORTKB(J)= DSQRT(K*BI(J))

ARG=L*SQRTPK(.J)

WRITE. (100,799) ABL(J)

FORMAT(/,.5X."THE TIME = INFINITY WATER-COLUMN

1 CONCENTHATION OF DISPERSED 0QIL = *,1PD16.3
2.' GM/CC*Hy

WRITE (10U,800) J

FORMAT(~ ,5X,'A CHECX OF THE IHITIAL COND!TION\ FOR
\ THE J =°,12,° A,B INPUT SET®)

WRITE (10U.810) :

FORMAT(~.15X, *DEPTH", 16X, 'EBL', 12X, 'SUM*.8X

1, CONC AT T=0') :

WRITE (19U.820) ) )
FORMAT¢ 15X, "METER ' ,8X, "COS TERM'.8X.°*SERIES'.~)

SINGLE(J) IS THE LEAD EXPONENTIAL TERM NOT IN
THE SUMMATION

TRAP OR SIN(ARG)=0

SINGLE(J)=AI(J)~ (SQRTKB(J)*DSIN(ARG))
COSL=DCOS{ARG)

SLEAD IS THE LEAD COEFFICIENT ON THE SUMMATION

SLEAD=2.DpO*AI (J)-L
DLEAD=AI (J)r(K*DSINCARG))

GENERATE THE TEAMS 1§ THE SERIES FOR J

SICN=1.D0D
DO 830 N=t, NTEBH

- AR= DFLOAT(H)

SIGN=~1 .DO*SIGN

KP2LN (M) =EP2L*ANKAN
BD(N,J)=S1GCN*SLEAD-({B] ( J)~KP2LN(N) )
'CONTINUE

CHECK THE INITIAL CONDITION

X=L

DO 8606 IX=1,11

XARG=X*PIEL

SUM=9.D9

DO B46 N=1 NTERM

AN-DFLOAT(N) )
SUM=SUM+BD{(N,.J)*DCOS (AN*XARG)
CONTINUE

EBL= SINGLE(J)*DCOS(SQBTBK(J)*X)
CONC=ABL (J)~EBL+SUM
XPCIX)=z{L-X)r100.D0

WRITE (10U,850) XP(IX). EBL.SUH CONC
FORMAT(TX.4(3X, 1PD10. 3))
X=X-XSTEP

CONTINUE

NOW GENERATE SOME CONCENTRATIONS VERSES TIME
AND DEPTH

WRITE (10U.870)
FORMAT(/~ ,5X, 'DISPERSED-0QIL CONCENTRATIONS. GM/CC
1. IN THE WATER COLUMN FOR VARIOUS TIMES AND DEPTHS

*

-2 FOLLOW')

WRITE (10U.880) -
FORMAT(/,.50X.'H O U R §")
WRITE (10U,890) (TIME(ITY,IT=1,19)



TABLE 2. (Continued)

- 939re 899 FORMAT(7X. "DEPTH',1X.10(1X,1ED%.2))

93980 WRITE (10U,900)
93990 900 FORMAT(7X. METER')

94000 C _

04010 C DO THE SURFACE OF THE OCEAR FIRST
04020 C '

04030 T=6.D0

04040 DO 920 IT=1,19

04050 T=T+TSTEP

04060 ARG=BI (J)*T

84070 EX=0.D® .

04080 IF (ARG .LT.ETRAP) EX=DEXP(-ARGJ

94099 CZERO( I'T.J)=ABL(J)~51 NGLE (J ) *COSL*EX
04100 SIGN=1.D0

04110 DO 910 N=1,NTERM

04120 ° - ARG=KP2LF(N)*T

04130 "' IF(ARG.GT.ETRAP} GO TO 920

04140 EX=DEXP (-ARG)

04130 SIGN=-1 ,DO*SICN

94169 CZERO(IT,J)=CZERO( 1T, J) +SICNXBD(N, J)XEX

94170 91¢ CONTINUE
04180 920 CONTINUE

04190 WRITE (10U,96@) XFP(1),(CZEROCIT,J),IT=1,16)
04200 X=L

04210 DO 970 IX=1,10

04220 X=X-XSTEP

04230 CARG=X*PIEL

04240 XARG=SQRTBK (J)=X

04230 CTERMI =SINGLE(J ) *DCOS{ XARG)
04260 STERM! =DLEAD*DS [N(XARG) '

04270 T=0.D0

04280 DO 958 IT=1,19

84290 T=T+TSTEP

04300 ARG=BI (J)*T

04310 EXBT=0.D@

04320 1FCARG.LT.ETRAP) EXBT=DEXP(~ABG)
04330 - EBT=EXBT*CTERM1

04340 STERM2=STERM: *EXBT

94350 SUM=ABL(J)-EBT

94360 . _  SLOPE=6.D®

04370 DO 930 N=1,NTERM

04380 AN=DFLOAT (N}

84390 ARG=KP2LN(N)*T

84400 1F(ARG.GT.ETRAP) GO TO 940
84410 EX=DEXP (-ARG)

04420 - . ANCARG=AN*CARG

04430 CTERM=DCOS (ANCARG)

04440 STERM=DSN(ANCARG)

04430 SUM=SUM+BD (N, J ) *EX*CTERM

94460 SLOPE=SLOPE-BD(N, J)*EX*STEHH*AH*PIEL

04470 93e CONTINUE
#4480 940 CUIX,IT,J)=SUM

84490 SCIX,IT.J)= bLOPE+STERH2
84500 . 950 CONTINUE " h
04510 WRITE (10U,960) XP(IX+1),(C(IX,IT.J},IT=1,10)

04529 960 FORMAT (85X, F? 1,1X,1001X%, 1PD9. 2))
¥43530 970 CONT1NUE

04540 C
04558 C WRITE OUT THE WATER-COLUMN CONCENTRATION DERIVATIVE
04560 C WITH RESPECT TO. X, IN GM/{CMx*4)

94570 C

94580 WRITE (10U,980)

84590 980  FORMAT{(-/,5X.'THE DERLVATIVE WITH RESPECT TO X OF

84600 { THE WATER COLUMN CONCENTRATION FOLLOWS, IN GM/(CM**4)')
084610 ~ WRITE (I10U,880) -

04620 WRITE (10U.890) (TIME(IT),IT=1,10)
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94630
94640

94650

04669
04670
04680
84630
04700
84710
04720
04730
04740
04750
04760
84770
04760
04796
04800
04810

04820

94830
84840
04850

04860 -

04870
04880
04890
04900
04910
04929
04930
04940
949350
04960
04970
04980
94990
05000

a5010

05020
05030
05040
23030
05060
95070
25080
05090
83100
95110
05120
05130
95140
05150
85160
05179
85180
03190
05200
05210
05220
85230
05240
05250
93260
05270
85280

999

1006
1019

1620

aana

1930
1940
1650
1966
1079
1089
1999
1190

GA0a

1110
1120

1130
1140

1156

WRITE (10U, 900)

DO 990 I'T=1.:10.

SZEROCIT J)=9.D9

CONTINUE

T=0.D0

DO 1009 IT=!,10

T=T+TSTEP

ARG=BI (J)*T

IF(ARG.GT.ETRAP) GO TO 1010

SZERO(IT,J)= AL (JIY*DEXP(-ARGC) /K

CONTI NUE

WRITE (I0U,960) XP(1).(SZERO(IT JY. IT=1,19)
DO 1020 I1X=1.,10 :
WRITE (lOU, 960) XP(IX+1) (S(IX,IT.J).IT—I.IO)
CONTINUE

CALCULATE THE GRAMS FLUXED INTO THE WATER COLUMN
BY INTEGRATING THE. SPECIFIED FLUX

AB=AT(JI/BI ()

T=0.D0

DO 19030 IT=1,10

T=T+TSTEP

TARG=T*BI (J)

EX=9.D0o

IF(TARG.LT.ETRAP) EX=DEXP{-TARG)
GRAMS(IT,J)=AB*(1 .DO-EX)

ACONC(IT, J)'GBAMS(IT JysL

CONTINUE

WRITE (IO, 10405 i

FORMAT (.~ ,3X, ‘GRAMS. OIL" )

WRITE (10U.165@) (GRAMS{(IT.J).IT=t.19)
FORMAT(4X. [N WATER",1X.10¢(1X.1PD9.2))
WRITE (10U, 1060}

FORMAT(3X.'PER CM¥CM')

WRITE (10U, 1679)

FORMAT ¢/, 5X, "AVERACE*)

WRITE (lOU 1880) (ACONC(IT.J).IT=1,18)
FORMAT(7X.'GM-CC',1X,10(1X.1PD9. 2))
WRITE (10U,1090) J,J

FORHAT(/.sx M S S B e T e
{ ERD OF CALCULATION FOR A(',I1,'), BC'.[1.*)")
CONTINUE

IF(REF.FQ.1) CO TO 1200

SUM UP THE CONCENTRATION CONTRIBUTIONS FOR FACH
SET OF EXPONENTIAL FITS TO TEE DISPERSION RATES

9. P

® J=1,NEF
5)=SCI,M,5)+8(1,M,J)
=C(I,M,5)+C(I M.J)

CZERO (M, 5)=CZERO(M, 5)+CZERO(M..J)
SZERO(M.5)=SZERQ(M,5)+SZERO(M. )
GRAMS(M,5)=GRAMS (M. 53)+CRAMS(M.J)

ACONC(M; 5) =ACONC(M.5)+ACONC{M. J)

CONTINUE

CONTINUE <

WRITE (10U, 11356) NEE

FORMAT (/77 , 3%, "CONCENTRATIONS VEBQES TIME AND DEPTH
{ FOR ',It, : A.B DATA SETS (abb UP THE PREVIOUS
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83290 - 2 RESUIHS) )

05300 WRITE (I0U,880)

85310 WRITE (10U;890) (TIME(IT),IT=1,10)

435320 WRITE (10U,900)

25330 WRITE (10U,9608) XP(1), (CZEROUIT, 5),IT=1,10)
253406 . DO 1160 IX-! 10

23350 WRITE ¢10U, 960) XP(IX+1) ,{CCIX.IT,5),1IT= 1,19)
95360 1160 CONTINUE

a5376 WRITE (10U,1179) NEF

93380 1179 FORMAT(~, 5X 'THE DERIVATIVE OF THE CONCENTRATION
85390 1 ¥ITH HE:PECT TO X FOR *,11,° A.B DATA SETS')
25490 WRITE (10U, . 880

954190 WRITE (IOU,890) (TIMECIT).IT= i, 19)

95420 WRITE (10U,900) -

05430 WRITE (10U,96@) XP(1),(SZEROCIT, 3).IT=1.1&)
05440 ' DO 1180 [X=1,190

93450 ) HBITE (Ioy, 960) XPOIX+1)  (SUIX,IT.3), IT- 1,18)
85460 1186 CORTINUE

- 35479 WRITE (10, 19407 ) _

25480 - HB[TE (10U, 1850) (GRAMS(M,3) ,M=1,19)

45490 WRITE (I0U.1060)

283500 WRITE (I0QU,167@)

o531 : WRITE (IOU,1080) (ACONC(M,5).M=1,10)

853520 ] WRITE (10U,13199) NEF

253530 1190 FORMAT (7, 53X, * Rrmmch s sk ok ok e e o o S S S R R
055406 i END OF CALCULATION FOR ALL *'.I1.' OF THE A.B SETS')

285350 1260 TYPE 1210
25560 1219 FORMAT(-,1X,'D0O IT AGAIN?')

5570 ACCEPT 460 ANS
85580 IF(ANS. EQ.’Y’) GO TO 360
2539e END

D-12






APPENDIX E

CODE LISTING FOR DISPERSED-OIL CONCENTRATION
PROFILES WITH A CONSTANT FLUX






Thé computer code listing and user's instructions in this Appendix
are. for the calculation of dispersed-oil concentrations in the water column
for a constant flux (Section 4.9). The user's instructions presented in the
following examplé prompt the user for specific input,




TABLE 1. User Input Instructions to Calculate Dispersed-oi}
Profiles with a Constant Flux

+EX CFLUX.
CFLUX

FORTRAN
MAIN.
ERFC1

FOR

LINK: Loading
CLNKXCT CFLUX execution]

ENTER THE
18s,

ENTER THE

2.22E-08

VERTICAL EDDY DIFFUSIVITY, CMXCM/SEC
CONSTANT FLUX AT THE SURFACE, GM/CHXCH/SEC

OCEAN DEPTHs, METERS

ENTER THE
50,

ENTER THE MAXIMUM TINEs HOURS

12.5

ENTER THE NUMBER OF TERMS IN THE IERFC SERIES
99 :

ENTER THE NUMBER OF TERNS IN THE ERF SERIES

$9

1. VERTICAL DIFFUSIVITY = 1,8500402 CHMXCM/SEC

2. FLUX AT THE SURFACE = 2,2200-08 GM/CMXCN/SEC
3+ DCEAN DEPTH = S0.0 METERS
4, MAXIMUM TIME = 12.5 HOURS

3. NUMERER
4. NUMEER

OF TERMS IN IERFC SERIES = 99
OF TERMS IN ERF SERIES = %9

WANT 70 CHANGE ANYT?

NG

D0 IT AGAIN?

N

CPU time

3.13 Elarsed time 1:00.40



TABLE 2. COMPUTER CODE LISTING FOR CALCULATING DISPERSED-OIL CON-
CENTRATION PROFILE IN WATER COLUMN FOR A CONSTANT FLUX

*  SQURCE.
o010 IMPLICIT REAL*8 (A~H,0-Z)
90820 - REAL*8 K,L
290030 COMMON /EXTRA/ ERF,ETRAP.IMAX. -
90049 DIMENSION SUMC10),.D(11{),DP(11),T{1€),TP(10)
evo506 1, TIME4(19) ,TIMEX(16)
00960 DATA ETRAP-70.D0, .
: 96970 OPER(UNIT=32.DIALOG= ' DSKD 1 CFLUX.0UT" )
20080 _

90899 C THIS IS A CODE TO CALCULATE THE WATER-COLUMN
@910 C CONCENTRATION OF DISPERSED OIL WITH A CONSTANT-
ee11e ¢ FLUX BOUNDARY CONDITION.

89120 . C N

88138 C MAY, 1983

06140 C

00150 10U=32 :

99160 TYPE 1e N e
801790 10 FORMAT(/,1X, '"ENTER THE VEHTICAL EDDY DIFFUSIVITY
eo180 1, CM®CM/SEC*) o

99199 ACCEPT 20, K '

90200 20 FORMAT(F10.9)

0210 _ TYPE 36 _ . _ _

90220 = 30 FORMAT(/,1X, "ENTER THE CONSTANT FLUX AT THE
00230 1 SURFACE, GM/CM*CM/SEC*) :

99240 ACCEPT 20, W

00230 TYPE 49 _ _ -

00260 40 FORMAT(/,1X, 'ENTER THE OCEAN DEPTH. METERS')
99270 ACCEPT 20, DM

00280 TYPE 30 _

90299 Se FORMAT(/; 1X,'ENTER THE MAXIMUM TIME, HOURS')

. 90300 ACCEPT 20, HOURS
20310 TYPE 60
00320 . 69 FORMAT(/, 1X, 'ENTER THE NUMBER OF TERMS IN THE |ERFC
26330 1 SERIES") o N
90340 ACCEPT 70, NTERM
90330 70 FORMAT(I2)

80368 TYFE 806 = N . ) 3
90370 8o FORMAT(/,1X, *ENTER THE NOUMBER OF TERMS INX THE FRF
00380 t SERIES*)- ‘

09390 . ACCEPT 79, IMAX

90400 C . _

90419 C ECHO CHECX

#0420 C

90430 90 LINE=}

00440 . TYPE 186, LIRE.,X . _

604856 10@  FOAMAT(/,1X,l1,'. VERTICAL DIFFUSIVITY = °*
90460 1,1PD16.3,* CM*CM/SEC*) _

09470, LINEsLINE+1 .

00480 TYPE 116, LINE W ‘

96490 118  FORMAT(IX,I1,'. FLUX AT THE SURFACE = °*,1PD16.3
90500 1,' GM/CMXCM/SEC*) :

003510 LINE*LINE+] ‘

90520 TYPE 120, LINE,DM :

ée53e - 120  FORMAT(1X.J1,'. OCEAN DEPTH = *.F3.{,* METERS")
893490 LINE2LINE+1 .

. 99530 TYPE 13e, LINE,HOURS _ )
88866 1838  FORMAT(iX.ii,*'. HAXINUM TIME = °*.¥5.1,' HOURS®)
eas7e - LINE=LINE+1 R
995580 TYPE 140, LINF,NTERM
90390 148  FORMAT(1X,It,’. NUMBER OF TERMS IN [ERFC SERIES = *,I2)
90600 LINE=LINE+{ N .

80619 TYPE 1350, LINE,IMAX - . '
90620 158  FORMAT(1X,Y1,'. NUMBER OF TERMS IN FRF SERIES = *,12)
99530 TYPE 160 ' )
- 99640 168  FORMAT(/,1X,'WANT TO CHANCE ARY?*)
90650 "ACCEPT 170, ANS <

90660 170 FORMAT (A1)
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00670
886380
00690
96700
00716
00720
00730
00749
90730
00760

81010
41020
81030
019040

01050

01060
010790
91080
1090
01100
01110
01120
01130
01149
81130
01160
91170
01180
0119@
01200
91219
01220
01230
091246
01230
91260
91279
81280
91290
81300
01310
91320

Sl I I

gﬁ
P

279

§

ﬁﬁﬂg'
- ®

°%

IF(ANS.EQ.'N') GO TO 230

TYPE 188 _ } .
FORMAT(/,{X, 'ENTFR LINE NUMBER TO BE CHANGED')
ACCEPT 70, LINE _

GO TO (199,200,210,220,230,248) LINE

TYPE 10 '

ACCEPT 20, X
9%

ACCEPT 7o, IMAX
99

CALCULATE THE CONCENTRATION PROFILES.

TSEC=HOURS*3606.D8
TS1=TSEC/10.Do

TS2=HOURS-19.De

DCM= 109 . DoxDM .

- L=DCM

DSi=DCM-10.DO

DS2=DM/16.D0

WRITE (I0U.260) . ) . )
FORMAT({H!, *CONCENTRATION PROFILES IN THE WATER
1 COLUMN FOR DISPERSED OIL (NEUTRAL DENSITY) ')
WRITE (10U,279) ]

FORMAT(1X, "CALCULATED FOR A CONSTANT FLUX ¢

11ERC  SOLUTION) AT THE OCEAN SURFACE') .
WRITE ¢10U,.280) X,W
FORMAT(/, 1X, 'VERTICAL EDDY DIFFUSIVITY = *,1PD9.2,
1* CM*CM/SEC., DISPERSED OIL FLUX = *,1PD9.2.°
2 GM/CMxCM/SEC")

WRITE (10U,299) DM,BOURS,NTERM .
FORMAT(1X, '‘OCEAN DEPTH = *,F5.{,' METERS, MAX
11MUM TIME = *,F3.1,° HOURS, NUMBER OF TERMS IN
2 1ERFC SERIES « * . I3) '

WYRITE (10U,300) IMAX . :
FORMAT (1 X, *"NUMBER OF TERMS IN ERF SERIES = ' ,I3»
WRITE (10V,310) L

FORMAT(/, 1X, * DISPERSED=0IL CONCENTRATIORS,

1 GN/CC, IN THE WATER COLUMN FOR VARIOUS TIMES

2 AND DEFTES FOLLOW') .

WRITE (10U,320)

FORMAT(/,33X,'H O U R 8*)

WRITE (10¥,33e)

FORMAT (35X, "DEPTH® )

SET UP THE DEPTHS.
DO 340 I=1.11
Ax]-1
D(1)*A*DS|
DP(I)=A%DS2
CONTINUE
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TABLE 2. (Continued)

1339 C SET UP THE TIMES.
91340 C _ _

813350 DO 330 I=1,1e

81360 A=l

91370 TL1)=ARTS] S

#1330 TIMES(1)=W=2_  DOxDSQRT(T( 1) )

1399 TIMEX(I)=2.DOXDSQRT(K¥T(1))

91400 _ TP(1)=A*TS2

61410 330 CONTINUE

01420 WRITE (10U,368) (TP(I1),I=1,10)
91430 goo FORMAT (35X, *METER" ,2X, 19(2X, 1PD9.2) ,./)
01440

ong: g CALCULATE THE CONCENTRATION PROFILES.
01460 ' :

91470 DO 400 I=f, 11 :

01480 A=l=-1

01490 X=DCM-AXDS 1

@13500 DO 380 Js1,1e

91319 SUM(J)=9.De

01320 DO 379 N=i NTERM

91530 AZ2R(K~1 ) +1

91340 AL=AxL

91330 ARG 1= CAL=-X)/TIMEK(J)

91360 ARG2= (AL+X)/TIMEK(J)

91570 E1=ERFC1 (ARG1)

81380 © E2sERFC1 (ARCG2)

o159 SUM(J)=*SUM(JI+E1+E2

01600 370 CONTINUE o _

oi61@ SUM(J)=TINE4(J)%*SUM(JI);

91620 380 CONTINUE _

01630 WRITE (10U,396) DP(1),(SUM(J),J=1,10)

91640 390 FORMAT(SX,F3.1,2X,16(2X, 1PD9.2))
a1638 409 CONTINUE

91660 TYPE 410 = )
91676 418  FORMAT(,1X,‘DO IT AGAIN?")
81680 ACCEPT 176, ARS _
91690 IF{ANS.EQ.'Y") GO TO 90
81700 ERD ) )
01710 DOUBLE PRECIS!ION FURCTION ERFC1(X)
81720 IMPLICIT REAL*8 (A-H.0-Z).
01750 COMMON /EXTRA~ $RF ,.ETRAP, IMAX
91740 DIMENSION A(100)
#1730 C ) T _
a1760 C CALCULATE THE FIRST REPFATED [NTEGRAL OF THE EFRROR
e177¢ C FUNCTION ACCORDING TO FQN(11), PACE 484, IN
o.:;% g CARSLAW AND JAEGCER, 1967.
ot
:1800 g IERFC(X) == (EXP{-X*X))/SQAT (P1E)~-R*FRFC(X)
1810 i
o182 C MAY 13. 1983 _
#1830 C CALCULATE ERF(X) ACCORDING TO FQN (7.1.6) PAGE 297 IN NBS
21840 C MATH HANDBOOK BY ABRAMOWITZ AND STEGDN: _
e18%0 C SYMMETRY IS ERF(-X) = -ERF(X), IF X.GT.3 THEN ERF = {.
81860 C 20 TERMS IN THE SERIES APPFARS TO BE QUITE SUFFICIENT.
818760 C THI1S ROUTINE RETURNS ERF(X) AND DOES NOT DESTROY X OR THE
91386 C SIGN OF X.
81899 C
e199e ¢C MAY 12, 1981
81918 C
0192¢ DATA PISQRT, IN/1-.7724538509D0 , 1/
91936 - CO TO (10,301, IXN
91949 10 IN=2
91950 ACL)=1.9D0
81960 : DO 28 I=t,IMAX _ _
81970 A(I+1)=2 0DOxA(I)/(2.0DOXDFLOAT{(I)+1.0D8)
01988 20 CORTINUE <
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TABLE 2.

{Continued)

nnng g sg

SICN=1 .Do .
IF{X.GT.9.D9) GO TO 40
X=DABS(X)

SIGN=-1 .D® L
u'excrano) GO TO 70
ERF=A(1)%X

DO %50 I=t,IMAX

IPOWs2%x]+1

TEMP=A(1+1 ))XXxxIPOW
IFCTEMP.LT.1.8D~-10) GO TO 60
ERF=ERF+TEMP

EARF=>2 . DO*DEXP { ~XxX)=ERF/P1SQRT
GO TO 88

ERF={, no

X*SICN=Y )

ERFiSICN*ERTF

NOW CALCTULATE IEAFC(X)
XARG= %X
EX=9.D8
1F (XARG.LT.ETRAP) ZX=’DEXP(-XABG)
ERFC1=EX/PISQRT-X*( 1 . D@~-ERF)
RETURR

EXD
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APPENDIX F

METHODS FOR MICROBIAL DEGRADATION STUDIES

14C-Hydrocarbon anéraTization Assay

Three 14C-1abeled hydrocarbon substrates were ytil zed for the deter-

mination of hydrocarbon degradation potential, defined here as the percent
mineralization to 14C0, : n(1-14C) hexadecane (53.6 mCi/mmol, Amersham),
(1(4,5,8)-146) naphthaléhe {5 mCi fmmo?, Amersham), and (1(4 5,8)~ ia C) methyl-
naphthaIene {s mCi/mmol, Bionuclear)., Working so1ut1ons were prepared with
hexane or benzene as solvents to give 0.1 wCi/ ul activities, stored at 4°C,

and assayed weekly for radioactivity to insure consistency in the concentra-
'tions of substrates. Seawater aliquots (50 ml) from each of the experimental-
tanks and the incoming seawater were transferred to 100 ml sterile serum bot-
tles and spiked with 0. 5 upCi of the 14C labeled hydrocarbons, one compound
per sample with each sample prepared in duplicate. Contro?s were k111ed with

1 uM HgC'l2 prior to- Sp1k1ng with the 1abe1ed compound. |

The spiked seawater samples were capped with sieeve stoppers and
incubated in the dark for 24 hours at in situ temperatures in a ssawater bath.
After the incubation period the stoppers were replaced with identical stoppers
fittad w1th a2 polypropylene *“center well" containing a 25-mm by 30.mm rectan-
gle cf Whatman No. 1 filter paper folded into an accordian- pleated array and’
wntted with 200 .l of 1N NaOH.- The samples were then acidified to pH 2. 0 by
1n3¢ct1on,qf 0.5 ml of 1 N sto (through the sleeve stouper) with a hypoder-
mic syringe. -After 2 hours the filter paper was transferred to a second 100
ml serum bottle containing 1 ml of 1N H2504 which was qu1ck1y capped with a
sleavn stopper fitted with a center well (as before\ and a wick which had been
wetted with 200 w1 of phenethylamine. ' o

After 12-14 hours the phenethylamine wicks were transferred to a
sc1nt111at1on vial containing 10 ml of Beta Phase cocktail (West Chem Prod-
ucts) and assayed for radioactivity on a Beckman LS100C scintillation counter.



The resulting counts for duplicates were averaged and corrected for the con-
trol counts prior to further data trsatment., The data {(in counts per minute)
were converted to ug/liter.day by the following equation.

. o 1 dum_\( 1 uCi )(S.A.' m.w)_looo m1)( i (_;_)
ko/t-day = (Cpm)(o.g com’ \2.22 x 10° dpm )( ( AT mi) day!

where a'counting effi;iéncy of 90% was utilized, SA is the specific activity
in uCi/u mole, and M.W, is the molecular weighf of the particuiar labeled sub-
strate.

References: WATSON et al. (1971); CAPARELLO and LA ROCK (1975); WALKER and
COLWELL (1976); HODSON et al. (1877).

3H~Thymidine Incorporation

Thymidine (methy1-3H)_so1utions were stored as supplied (20 Ci/mmal,
New Ehgtand Nuclear) in 70% aqueous ethanol - for maximum stability, wcrkingk
solutions were prepared by  evaporating to dryness the appropriate volume under
a stream of dry filtered air and reconstituting with distilled water. These
solutions were'stored at 4°C and checked weekly for radioactiﬁity.

Duplicate seawater aliquots (10 ml) from each experimental aquarium
and the incoming seawater were spiked with S5nM of labeled thymidine and incu-
bated in the dark at Jn situ temperatures for ‘1 hour. Incubation uptake was
te%minated by fi1tratjon through.a 25-mm dia, type HA membrane (0.45: Am nomi -
nal pore size, Millipore Corp,). After filtration the vacuum was stopped and
10 m qf ice-cold {< 5°C)‘ﬁi1tered (sterile) seawater was added to cool the
filter. This was filtered through and the vacuum was stopped prior to addi-
tion of 15 ml ice-cold (< 5°C) 5% trichloroacetic acid (TCA) ‘to extract the
soluble thymidine pools from the cells. Temperature ‘control s critical dur-
ina the extraction as a temperature rise above 10°C for TCA will hydroiyse DNA
and allow incorporated label to solubilize and pass through the filter. After
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3 min. the vacuum was started and the filter was rinsed twice with ~5 ml ica-
" cold 5%, TCA, and then placed in a scintillation vial. £thyl acetate (1 ml)
was . added to dissolve the filter; 10 ml of Beta-Phase cocktail was added and
the rad1oact1v1ty was assayed by liquid scintillation spactrometry,

‘ The resulting counts for duplicates were averaged and corrected for
poisoned controls (1’ M HgC]z) and a counting efficiency of 35%. The data
were converted to nmoles/liter day of incorporation by the formula: '

. ; /z g (cpm) ( 1 dom \('_ 1.4 )(1 m_moi)(195 ﬁ;ggl)[24rhé\( 1 )( 1 )
nmoles7L-day = (com 0.35 com /2,22 x 1012 apm/t 20 €1 /\ mmol /\ day /\o.a1se/\L hr

References: FUHRMAN and AZAM (1980}; FUHRMAN et al. (1980); FUHRMAN and AZAM
{(in press, 1981)

3H-Leucine and 3H-G]u;ose Uptake

~ The procedure for both substrates was identical except for the amiho“'
acid leucine, in that a larger sampie was prepared such that an a]lquot could
be ‘saved and preserved for the autorad1oqraphy procedure {details in this
section). -

Working solutions of 3H-Leucine (60 Ci/mmol, New . EngTéﬁd Nuclear) -
were prepared by diluting an aliquot of the stock solution into distilled
water., The 3y Glucose solutions (30 Ci/mmol, New England Nuc]ear) were pre-
pared by evaporating an aliguot under d& stream of dry, filtered air fo11owed
by reconst1tutaon in distilied water. A1l solutions were stored at 4°C and
assayed weekly for rédioactivity to check stability.
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Each experimental aquarium and the incoming seawatsr was samp1ed in
duplicate and controls were k 1led with 1 M HqC'J2 pricr to addition of r-adw-
labeled substrate. To sach sample (10 ml for - Glucose; 15 ml for 34.

Leucine) 60 ul (1.5 uCi) of radiolabeled compound was added, foliowed by
incubation for 2 hr. in the dark at in situ temperature.

The incubation was terminated by sample filtration through a HA mem-
brane (U 45  pum nominal pore size, Millipore Corp.), followed by several
washes with filter-sterilized seawater to remove: any nonincorporated label.
After filtration, each filter was placed in a scintillation vial, and -1 ml
Ethy! acetate added to dissolve the membrane, After approximately 10 min., 10
ml of Beta-Phase cocktail was added and the samplie assavad for~ radicactivity
by liquid scintillation spectrometry. Diplicates were averaged and corrected
for control blanks, and the. resulting counts were converted to uptake 1in
‘nmoles/liter day with the formula:

6 .
1 dpm \( 16 ) -1V/10" n moly /24 hry/ 1 ( i
- = .A.
n moles/t-day = {cpm) (0.35 cpul} 2.22 x 1032 gpm (S )( m mol }( day }(2 hy-) 3_0159_)
-

Where_a counting efficiencx of 35% was utilized and S.A. is the specific activ-
ity (in Ci/mmol)xfor the labeled substrate. '
References: AZAM and HOLM-HANSEN (1973); FUHRMAN et al. (1980).

Epifluorescence Enumeration

Seawater samples (10-15 m1) from each experimental aquarium and the
incoming seawater&were immediate?y_preserved with 4% filter-sterilized forma-
lin (buffered with N323407) and the cellular DNA was stained_to fluoresce
with Acridine orange (0.01%, 2 min.) prior to filtration. The Nucleopore
polycarbonate fiiters were stained prior to use with Irgalan bilack ‘to
eliminate autofluorescence) and a type AA (0.8 um, Millipore) membrane was



used as a back filter to distribute the vacuum evenly, Aftﬂr filtration, the
filter was ‘mounted on a microscope slide with a cover slip affixed with paraf-
fin oil, Blanks were prepared in -a similar fashion ‘except that filter-
sterilized seawater (GBS, 0.2 um, Millipore Corp.) was p'rese'rved and stained.

The slides were examined by epifluorescence microscopy and counted in
a random fashion by grids. A1l counts for each grid were averaged (10 grids
. . . )
per slide) for duplicate slides and the data converted to calls x 10 /ml sea-
water, '

References: HOBBIE et aj. (1977); FUHRMAN and AZAM (1980).

Autoradiography Assay

The micro-autoradiographic technique provides for simultaneous sxamin-
atmn by phase contrast microscopy of bacterial cells stained with acridine
orange and labeled with developed siiver grains, The method of prenara'tio'n_
provides for orientation of bacteria between the photographic emulsion and the
microscope objective to prevent visual taterference by the silver grains.

The 5 ml aliquots from the 3H teucine uptake assays {preserved with
4% formalin) were stained with sterile-filtered 0.01% acridine orange for 1
' min., followed by filtration through a 0.2 pm pore size nucleospore memprane
(25 mm dia.). A type AA filter (0.8 um, Millipore) was used as a back filter
for even vacuum distribution. The filter was rinsed with sterile, filtered,
distilled water, and keot damp for subsequant transfer of cells onto the sur-
face of a mounted gelatin-coated coverslip. (Details of the gelatin-coated
coverslip preparation are presented elsewhere - sea References below).

Resulting autoradiograms were prepared in total darkness with Kodak
NTB2 Nuclear track emulsion coating, dried, and exposed at 4°C. After the
appropriate exposure time, the auturadiogr_‘ams were developed, fixe‘d and fur-
ther prapared as detailed elsewhere (see Referasnces below). Bacteria were
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counted by epifluorescence microscepy and silver gain clusters were counted

by
transmitted phase ¢on-rast microscopy.

References: MEYER-REIL (1978): FUHRMAN and AZ?M (in press, 1981).
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METHODS FOR HYDROCARBON ANALYSES AND PHOTOCHEMICAL/MICROBIAL
- OXIDATION PRODUCT CHARACTERIZATION

Volatile Hydrocarbon Analyses

Vo1at11e hydrocarbons are sampled from the air above the slick in the
evanorat1on/d1sso]ut1on chamber (or the flow-through outdoor tanks in Alaska)
by vacuum-pumping measured volumes of air through 1/8 in. ID «x 12 in. 1ong
stainless tubes packed with Tenax® GC polymer. " For each sample, two tubes are
connected in series with Swagelok fittings, and prior to and 1mmed1ate1y after
samp11ng, all tubes are sealed with Swagelok endcaps and plugs. Sampl1ng is
achiaved by use of a Gast Mfg. Corp. vacuum pump attached to the Tenax® traps
- via flow regqulators and flexible Teflon tubing. ' Afr velocities above the
slick in thn nvaporat1on/d1sso1ut1on chamber are measured with a Kurz air
ve?oc1ty meter 4m above the o11/seawater interface.

Before each sampie is obta1ned the. Tenax® trap's flow ve?oc1ty is
checked w1th a bubb]e f1low meter Approx1mately ‘60 second sampies are
genera]Ty obtained at flow rates ranging from 20 to 30 m1/m1n thus, sample
volumes ranged from 20-30 ml

, water samo]es for analysis of dissolved 1ower-molecu1ar~we1ght
aliphatic and aromatic hydrocarbons are taken in Pierce septum-capped vials
for subsequent purge and trap analysis by GC/MS techniques s1m11ar to those
developed by Bellar and Lichtenberg (1974) and others. -

Fol1owing collection, the water samples ére-refrigerated {no preserva-
tives are added), and they are maintained at 3°C unti] analysis. Capped

stainless-steel Tenax® traps are stored at ambient temperature until analysis.

. The. Tenax® air samples are analyzed by heat desorption fo?Towed by
Flame lonization Detector (FID) gas chromatography on a Hewlett Packard 5733GA
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instrument or qas chromatography/mass spectrometry (GC/MS) using a Finnigan
4021 quadrupo®z instrument. The heat desorption is accomplished by installing
the Tenax® traos in a Tekmar liquid sample concentrator (LSC-2) interfaced to
the injection port system of either the FID GC or GC/MS (PAYNE et al., 1980b)

At the time of desorption (5 min. at 180°C at 20 mi/min He flow) the
gas chromatographic. column (Dacked 6 ft. x 22 mm 1.D. SP-1000) and oven are
cryogenically cooled to 30°C. Fo11owing'desorption the oven is programmed
rao1d1y (30°C/min) to 100°C and then from 100°C to 200°C at 10°C/m1n The
final temperature of 200°C is held for the duration ¢f the chromatograuhtc
run. A GC column flow rate of 20 mi/min He is also used and the injector
temperature is held at 200°C.

The effluent from the gas chromatograph is then analyzed by FID on
the HP-GC or it is passed through a glass jet separator for enrichment and
then directly into the ion source of the GC/MS (operated in the electron
impact-mode at 300°C). Spectra are acquired by operating the ion source at
70aV from 35 to 300 amu in 1.95 sec. A hold time of 0.05 set is used to altow
the electron1cs to stabiliza before the next scan. The ion source is tuned
for maximum sensitivity with perfluorotributylamine and the ion fragments at
m/e 69.and m/e 219 are calibrated to give a 2.5:1 ratio; the electron multi-
plier - is ovberated at 1600V with the preamplifier gain at 10-7 amps/volt.
GC/MS data acqu151t1on is initiated at the moment of desorption. Typically,
900-1000 scans are acquired for each data. file. “

' The water samples stored in Piefrce vials are allowed to ‘come to room
temperature and 5-ml aliquots are withdrawn and injected into the purge device
of the LSC-2. Before purging in mass spectrometry operations, 100 ng each of
thfee{ ihteEna1 standards, dichlorobutane (m/e 55), bromochioromethane (m/e
13052 and bromochloropropane {(m/e 77): are added. This allows correction of
recovered valyes for matﬁix effects and corrects for differences in ionization
potential,. lens wvoltage, etc., among - runs. Instrumental conditions are _
1dent1ca1 to those described for Tenax® column analysis. x
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Befare analyses with either instrument, response factors are deter-
mined for !0-12 target aliphatic and aromatic compounds of interest by spiking
several known mixed standards inte salt water blanks which are then analyzed
as samples (PAYNE et al., 1980b).

Higher Molecular Weight Petroleum Hydrocarbon Analyses

Water sediment and oil/mousse samples are analyzed by .procedures
which basically involve: 1) extraction, 2) fractionation into aliphatic,
aromatic and polar constituents by tiquid/solid (5102) column chromatography
and analysis by FID canillary gas chromatrography and capillary. gas .
chromatography/mass spectrometry., Specific details with regard to these
analytical procedures {including instrument calibrations, sensitivity, data
- reduction, etc.) are presented in Appendix H to this report (Methods Section,
page 4 of "Chemica) Weathering of Petroleum Hydrocarbons in Sub- Artic Sedi-
ments:  Results of Chemical Analyses of Naturally Weathered SedTment Plots
Soiked with Fresh and Art1f1c1a11y Weathered Cook Inlet Crude 011“)

Hater samples from the f1ow-tﬁ?augh seawater systems are collected in
20-Titer carboys and pH was adjusted to 2.0. Three hundred- fifty ml of meth-
Yiene chioride is then added to each carboy (apprux1mate?y 200 ml of methylene
chloride goes into solution on the first addition) _and the mixture is stirred
vigorously for 3 minutes. The methylene chloride is removed by pressurizing
the carboys with Nz and forcing the methylene chloride through a stainless
steel syphon tube into a separatory funnel. This procedure is -repeated two
more times. The methylene chloride extract is concentrated to 100 m! in K-D
concentrators and then passed through sodium sulfate to remove the residual
water. The anhydrous methylene chloride extract is them concentrated to 2 m
and solvent-exchanged to hexane, The concentrate is then fractionated on
silica gel using the three fraction schemes described in Appendix H, page 4 of
“Chemical Weathering of Petroleum Hydrocarbons in Sub-Artic Sediments: Re-
sults of Chemical Analyses of Naturally Weathered Sediment Parts Sp1ked with
Fresh and Artificially Weathered Cook In1et Crude Qil".
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INTRODUCTION

Nine sediment samples were received in the laboratery for X-ray
diffraction analysis. Of particular interest was the chqracte:i_za;ién.
of possible ciay types and other mineral ide_ntifi_ca_pion. The f-o'llowin_g
report represents the results of the studies and is submitted

respectfully.

SAMPLES

Samples were received w_i'th‘ the fo_;low-in-'g i,denit_:'.ficatiox:xs-:
BULK SAMPLES: o

K-Bay Site #1 OW-1 ( Grewih Ghaer $oiF)

K-Bay Site #2 OW-2 ( Chuin P! 3’-7')_'

K-Bay Site #3 OW-3 (Kurine Buy)

K-Bay Site #4 OW-4 ( Seldouc Bay)

K-Bay Site #5 OW-5 ( Jackahi BAy)

~,

Glacial Till ow-7 (ol of shirr}

FILTER SAMPLES:
M { Kkaskea Bay sPH)

\

M - Seldours Bay SP)

6M ( Glacial f,'_.'.’ SM\)

SAMPLE PREPARATION AND STUDY METHODS
Aliquotes of each sample were first very lightly grou_nd to break up

agglomerates. Care was taken to not break down the larger particals.
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Page 2

By usiﬁg a combination of washing, seiving and centrifugation, the
fraction faalling below 50 microns was separated for the studies,
After drying, the powders were packed into standard Sample'holders‘and
run in a Philips Eléctronics X-ray diffractometer equipped with a
crystal monochrometer. The operating conditions are marked on the
enclosed X-ray diffraction charté. The filter samples were studied
without further treatment by placing the filters across the openings
of a sample holder.

In order to further identify thE'ciay fractibns, SEVéfal other
techniques wére utilized on the bulk épecimené where there was a
sufficient quantity of fine.material. Using gra&ométric separatiéﬁ of
a clay suspension in water, the heavy'fréction was allowed to séttle
out and the light suspension was then decanted and concentrated by
centrifugation. This light fraction was reslurried and allowed to
settle on a microscope slide, forming an oriented mount with the clay
plateleﬁs tending to lie flat causing a stroﬁger diffraction of the
clay (001) reflections. This mount was-also run in the

diffractometer.

A portion of this fine (less than 3 micron) fraction was also studieﬂ
using long exposure Debye-Scherrer powder camera methods. Specific
tests for montmorillonite were also perfofmed on a portion of the clay
which was heat treated to 350 degrees C ﬁé remove the absorbed water.

Portions of this heat treated clay were then subjected to ethylene
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Page 3

glycol treatment. A separate portion was modified by strontium ion
exchange using strontium chloride{ Both of these methods sharpen the
(001) diffraction peaks and Shlft them to a different d-spacing value

by 1nterlayer expansion.

- A1l three samples were found to contain measurable amounts of.
carbonate minerals. The samples were therefore refined by leaching
oug these carbonateé u51ng dilute hydrochloric acid. These treated
samples were neutrallzed drled,and rewelghed,.then-rérﬁn-in the X-ray

dlffractometer.
DISCUSSION

The x-ray diffraction charts enclosed are marked with the interplanar
spacing measurements (dnspacings) in angstrom;units and with-the
corresponding Miller Index (hkl) of the crystallographic planes -
cau31ng each reflection., Phase 1dent1f1cat10n was made by comparison

w1th standard data in the JCPDS/ASTM diffraction flles.

All of the samples show quartz and feldspar to be the ma jor
constltuents, however_some dlfferen;es were encountered. .Although
spectrochemical data was not obtained for the feldspar mineral, the
X-ray pattern is quite similar to that of Laboradorite, which is an

anorthite-albite rich feldspar mineral.
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-Page 4

Sample OW—ZB-shows a high calcite concentration (probably in the range

of 30-40 ﬁercent), while the other samplés have little

or none.

Traces of mica are found in many of the samples and a possible trace

of gypsum (calcium sulfate dihydrate) may be in OW-3.

Certainity

cannot be placed on the identification of these trace phaces due to

lack of confirming reflections.

A summary of the diffraction data is presented in chart form on a-

Separate page. Rough quantitative approximations have

follows:;
Major...eeuu...n over 507
Intermediate +....... 40-507
Intermediate........ 20-407%
InﬁErmediate-— ....... -10-207. .
Minor +.ivevevunia..., 5-10%
Minoriieeesesonnnnan. 2-5%
Trace..veeenen.. «.v.less than 2%

been given as

The tests for expanding clays were negative. ‘Sensitivity for this

clay type is variable GEpending upon the degree of crystallinity.

However it can be said to be present to less than 10%.
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SUMMARY OF MINERAL CONTENT - Hgnh“,mg; |

Cmar itediste intermediate. rore. Misa - pr

inermediste + miror+ inbermediske - "“’?’JU" s
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SUMMARY OF MINERAL CONTENT (cont.)

major  inkrmediske- inkermediste tr ?

2Quartz,
- major tn{zl‘ml_diat? inkermudiste. nonc

maior  intermedise+ minov+  neme.

SAMPLE : Filter 2-M |

minor + major minor kra0p,?
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Mita—tr

Mioa tr ?

~

'—Hum?te?-t |
\'\\ea- miner



SUMMARY OF MINERAL CONTENT @nt) Marth 11, 183

major | Intermediste.  inkermediste. rone Mita -tr
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APPENDIX H

CHEMICAL WEATHERING OF PETROLEUM HYDROCARBONS
IN SUB-ARCTIC SEDIMENTS: RESULTS OF CHEMICAL
ANALYSES OF NATURALLY WEATHERED SEDIMENT PLOTS -

SPIKED WITH FRESH AND ARTIFICALLY WEATHERED
COOK INLET CRUDE OILS
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OBJECTIVES

The primary goal of this program was to examine the biological
and chemical impact.of fresh and weathered crude oil after its incor-
poration into sub-arctic sedimentary regimes. The experiments that were
used in this program were desigged-by Dr. Robert Griffith and his col-
leagues at Oregon State University torstudj dne-yeer timeISeries changes
in biolqgicel productivity, recruitment and reColqnization‘as a fﬁnction
of the chemical'cbmpesition of the o0il within the sedimentary study

plots.

In an effort to assist Dr. Griffith in-thie program, the Envi-
roomental Chemistry and Geochemistry Division of Science Applicationms,
Inc. (SAI) undertook detailed chemical analyses of the sediment samples
used in these experiments. _Specifically, hydrocarbon profiles (con-
centrations) wers determined in control and experimental sedimentary ﬁlots
which had been spiked with three different levels of fresh and artifieially
weathered Cook Inlet Crude 0il. These sediments were examined: first, after
the initial spiking, and second, afterlone year of natural weathering in the
Sedimentary.regime at KASiesne Bay, Alaska. Additional studies were also
undertaken in Sadie Cove; Alaska, where oiled sedimerits were spiked with
Chiton and starch befofe deplOyment inteo the field, to determine if bioetic
weathering processes were conteolled by limited nutrient comcentrations,

Results of the hvdrocarbon aealyses from these experiments are

~

presented in this section,
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IMPLICATIONS FOR OFF-SHORE OIL AND GAS DEVELOPMENT

Many.inveetigators have long suspected that spilled oil on- the
water surface or in the warer celumn:doee not counstitute as great an
environmental threar as oil which has been:incorporated_into]sedimentery
regimes. Irnnically; in the case of most majqr oil spills and labora-
tory erudies, the sediments have neen found to be the ultimate reposi=-
tory or sink for the bulk of the higher molecular weight components in
the released oil {(Jordan and Payne, 1980, D’Oxouville et al.,-1979;
Meyers, 1978; Mayo et al.;-1978° Gearing et al., 1979; Winters 1978;
Meyers and Quinn 1973 Zurcher and Thuer 1978 Bassin and Ichiye 1977).
Once incorpora:ed into the Sediments, many of the nnweathered toxic

“components of oil are retained unaltered for extended periods (Teal et
‘al., 1978; Mayo et al., 1978) causing a variety of long term pertibations

to plants, organisms and the physzcal(ereoblc vs. an aerobic) nature of the
sediment itself If contaminant concentrations reach high enough lavels,
the blologlcal productivity of an entire area may he.complerely destrcyed
immediately after the splll impact, and res;dual toxlc levels may prevent
recolonization of native species for a number of Years (American Instltute
of Biological Sciences, 1978). This is a significant problem in argas of
high productivity or in sedimentary regimes eritical to tﬁe survival of
jnvenile species., Alternétely C‘mpering ;p cies with different dEgrees

of tolerance to oil could opportun;stically recolonize an area, thus fur-

ther alterlng the blologlcal balance at the spill site for years.
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In these experiments, we attempted to determine. the levels or
concentrations of oil in sub-Arctic sediments that could cause limited
recovery or long term damage to an area. We also sought to determine
concentrations and conditions under which specific compounds in the
complex hydrocarbon mixture are selectively removed due to biotic and
abiotic processes after incorporation of oil into the sediments. The
results of these studies indicate that spiked levels of oil approaching
50 parts per thousand (ppt) (total oil wt/wt) cause extensive and sig-
‘nificant long term damage to sub-Arctic sediments, and that little or no
éignificaut additional weathering (reﬁoval of toxic components) occurs
at least up to one year following initial exposure. This was observed
when both fresh and artificially weathered crude oils were splked into
‘the -sedimentary matrix at the 50 ppt level. - Similar trends were_cb—
served at the ! ppt level, but some evidence.ﬁf selective lower molecu-
iér weight hydrbéarbon ﬁdegradation after one -year was found. The
experimental results also suggest that af levels of oil approaching 50
PPt, the biotic utilization of specific hydrocarbon components is not
inhiblted by limited nutrient levels but rather by the toxieciry of the

011 1tself

A recommendatlon which can be drawn from these resuits is thart
in 011 spill prevention, mitigation, and clean-up efforts, every attempt
should be made to prevent 011 from reachlng Sub-Arctic sediments par-
ticularly in low energy nearshore subtgdal regimes where high biological

productivity is observed.



- METHODS

Techn:.ques for artiflcielly weathering Cook Inlet Crude 011 and
suhsequent spiking, homogenization, and deployment of sediment into the‘
experimental trays for in situ weath_et:.ng are _deseri_bed_ els_ewhe;e.
thsampies of the spiked and control sediments .from the experimental
trays wete fro.zen. at the initie_tion of tne e_xpe_riment and again afrer
one year in the field. All frozen sediment samplesfwe:re— shipped on ice
‘to SAI's Trace Environmental Chemistry Laboratory in one lot on 17
‘October 1980, where they were subsequently stored at =4 until analyses

were begun.

Extfaction_

Each sediment sample was extracted using & ‘shaker—table p‘ro-
cedure which is similar to that described by Payne et al. (1978) and
Brown et al. (1980) and'rwhich' has been shown to yield K-eonpera't':-le"' resdi-ts
to Soxhlet extraction (MacLeod and Fiseher, 1980' a.nd Payne et al.,
i 1979) Brlefly, the thawed sed:.ment was placed in tared 500 ml Teflon
jars and a wet weight was determined. Ap_pr_oxj.metely 50 ml.of methanol
was added to the sediment for water removal 'and th_.e jars were sealed
and agltated on a shaker table for 15 minutes., The jars were then
centrifuged at 3000 TPm for 20 m.inutes at room temperature and cthe
supernatant was. decanted off and saved, and the drying procedure was
repeated. After the second‘ drying s';:ep, 150 ml of methylene chloride

(CHZCI,,) and methanol (65:35 v/v) were added to the jars and agitation
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was continued for 12 hours. The samples were centrifuged, the super-
natant saved, and the procedure was repeated with the agitation oc-
curring for a period of.6 hours. The methanol-water washes and the
methanol4methylene chloride extracts éére combined in a seﬁaratory
funnel and back extracted with 400-500 m]l of éaturated.sodium chloride
in distilled water wiaich had-begﬁ pfevinusly extracted with Hexane. The
lower layer (032C12) was removed and the water phase was back.extracted
with three additibnai 100 ml aliquots of CHZFIZ- The combined CHZCl2
extracts were ccnééntrated, to approximatél? 100 ml using a Kuderna-
Danish (K-D) apparatus, and dried by passage through a cqlumn of sodium'
sulfate followed by additional elution with CH,Cl,. The dried extract
was concentrated to about 10 ml using a R~D apparatus and solvent ex-
changed (3x) into hexane, folloWea_By solvent reduction to'iQZ ml in

preparation for column chromatography.

Liquid Column Chromatography

To fractionéte'the sédimenﬁ extfacté, a three—pgft fractiona-
tion scheme was employed to sepératé the aliphatic, aromatic; and pblaf
compounds (Payne, et al.; 1980). & 10 om I.D. x 23 em long:cblumn with
a 16 ml pore volume was packed with 1.5 ecm of activatea coﬁpet at the

base of the column (to remove elemental sulfur), followed by a hexane

2

slurry of 60/200-mesh silica gel that had been cleaned with CE,Cl and

activarad @z 210°C for 24 hours. The elution scheme was as follows:

X - )
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Fraction/Solvent ‘ - . Amount o Compound:CIass

‘1. - Hexzane ' o 30 ml Aiiphatic hydrocarbons

2. -Hexane:Benzene 50:50 45 m} S Etomatic liydrocarbons
3. 50% CH,0H in CHZ.CI_Z 60 ml Polar compounds

Gas Chromatographic Analysis

All gas chrmatographic :reSults were obtained on a Hewletrt~
Packard 5840A. gas chrométograph equipped with an 188354 glaﬁs'éapillafy
inlgf system rand .flame ionization detector. The microprocessor-based
instrument was interfaced to a fexas Instruments Silent 70d.ASR data
terminal equipped with casette tape drive, allowing permanent étoréée of
calibration data, retention timesa-and peak areas required for the data

reduction system.

A 30-meter J&W Scientific Co. SE-54 wall-coated open tubular
fused silica capillary column was utilized for the desired chromatog-
"raphic separations. - Temperatures programming used with this column

included:

Initial Temperature’ 50°C for 5 minutes
Program Rate _ 3.5°C/min
Final Temperature 275° for 60 minutes

.Ihe injection pért and detector were maintained at 280° and
350%, respectively. All injections were made in the splitless mode of

operation with an injection port backflush 1 minuce into the run.
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Constant injéction volumes of 1.0 ! were analyzed automat-
ically using a Hewlett-Packard model 7671A Automatic Liquid Sampler,

increasing precision substantially relative to .manual ‘injection.

Gas Chromatogram Data Reduction

Hydrocarbon concentfations for individual resoivéd" peaks: in
each gas éhromacog:am were calculated on a DEC-10 System Computer using
the formula given in equaticn 1. This particulaf example is of the
program used for seawater analysis. Operator-controlled modification of
the DEC~10. program allows similar data reduction on sediments, tissues,

or individual oil (mousse) samples.

ug compound X/L seawater -‘(Ax) x (R.F.) x

P-1.V. + 2 Pre-C.SiVol. . 100 _ 100 _ 1 (1
Inj.S.Vol. Post=C.S.Vol. 2NSL om LE ZDW/FW liters

wﬁere :

A = the area of peak X as integrated by the gas chromat-
ograph (in arbitrary GC area umits)

R.F. : = the response factor (in units of ug/GC area unit)

P.I.V. + 1 = the post-injection volume (in pl) from which a 1-ul
aliquot had been removed for analysis by GC (meas-—
ured by syringe. immediately following sample
injection) E

In3.8.Vel. = the volume of sample injected into the &C (always
1.0 ~ul as measured by an HP Automatic Liquid -’
Sampler) :

L
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Pre-C.5.Val. & = the total solvent volumes before and after -an
Post=-C.S. Vol. - aliquot is removed for gravimetric analysis omn a
Cahn electrobalance

ANSL on LC = the percent of samplé non=-saponifiable lipid used
. for SiO2 column chromatography

ADW/FW = the percent dry weight of wet weight in the sediment
tissue, or oil sample being analyzed

liters “-.litérs of seawater initially extracted (or grams wet
S : C -wé;ght-of oil or sediment).

During analysis of the extracts, the S5B840A gas ch;oﬁa%oé?aph
was recalibrated after every 8 to 10 injections, and iﬁdividual response
factors were calculated for all detected even and odd n-alkanes between
LJBCS and.nC32a”-Concentrations of other cowponents (e.g., branched and
cyclic) that eluted between the wmajor n-alkanes were calculated by
liﬁeér in;efﬁoiatioﬁ of the adjacemt n—aikane response factors and the
unknown ;émpound peak’s KOVAT index. By incbrporating the post-
A iqjectiop volume=(PIV)_into'thé"c21cn1atioﬁ,'tﬁe amount of hydrocarbons
. measured in the injected sample were converted to the ﬁotai hydédcarbon

conceunrtration in the sample.

Unresolved complex'mixtures (UCM"s) wers measured in triplicate
by planimetry; the planimeter area was converted to the gas chromato-
graph’s standard area units at a given attenuation and then quantitated
using the average response factors of all the n;aikénes occurring within

the range of the UCM, as shown in equation 2.
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ug UCM : S. Att. . o——= .
Titer Areap x (Conf. F)Kx §E§TfXEET X (R'Ffa-b) X [ea.]

where:

Area = UCM area in arbitrary planimeter units,

Conv. F. _ ' = a factor for converting arbitrary planimeter units
to GC area units at a specific GC dttentuation,

S. Att. and = the GC attenuation at which the sample chromatogram

Ref. Art. was run and the reference attenuation to determine
the conversion factor (Conv. F+), respectively,

RHF-a_b = the mean response factor for all- sequential
n-alkanes (with carbon numbers a to b) whose reten—
tion times fall within the retention time window of
the UCM, and

feea] = the same parameters enclosed in brackets in equation

Confirmation of KOVAT index assignment to n-zlkanes was done by
computer correlation with n-alkane standard retention times and direct

data-reduction-cperator input.

Assignment of a KOVAT index to. each branched or cyclic cﬁmpound
eiuting between the n-aikanes was done by intarpolation using the
unknown compound and ad jacent n—alkang retention times. Aséignment of
KOVAT indices to peaks in the aromatic fraction was made by direct
correlation of unknown peaks with retention times from the n~alkane and
aromatic standard runs completedrprior to sample injection (Payne, et

al., 1978h).
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" Capillary Gas Chroma:tography Mass Spectrometry

Selected extractable organic compounds previously analyzed by
_ fﬁsed gilica capillary column—FID GC were also subjected to fused silica
rcapillary gas ch:omatography/masscspgctromecry (GC/MS). A 30-meter J&W
Scientific Co. SE-54 capillary column (0.25-mm I.D. with a film thick-
ness of 25 um was used to achieve chromatographic separation in =z
Finnigaﬁ 4021 quadrupole m&ss spectrometar: Théuéépillarywsystém was
op-é_ﬁéted in the splitless (Grob—type) mode. The stat.ic time upon injec-~
tion* was 0.8 min, after which time the injection pdrt was backflushed
_‘wi:h the split and septum sweep. flows at a combined rate of 35 ml/min.
Liﬁgar velocitthasnsgt at 35 cm/sec, which gave a flow rdate of 1.18
| ml/mig. The GC was programmed to remain isothermal at 30% for 1.5 min
f-oliowipg injection, elevated at 4°C/min from 30 . to 160°, and 8 ¢/min
from 160-—275 ,» after which the oven was held isothermally at 275% for

approximately 20 minutes.

The flexible fused silica column was = routad directly into
the ion source of :hgnmass specfromgter, which ‘was  operated in the
electron imﬁact -mode at 70eV with the lems potEntialS' optimized for
maximm ion transmission. The quadrupole offset and offsat programs
;erc ndjﬁatéu to yvield a.fragmentation ratioc for perfluorocributylamine
m/e §9~to=219 of 4:1. This tuning yields quadrupole electron impact
spectra that ars comparable ro magne:ic sector electron impact spectra,
thereby allowing optimal matches in the computer search routines used in

the INCOS data system that scans the quadrupole rods from 35-475 amu in

H-16



 0.95 sec. A hold timg of 0.05 sec between scans allows the electronics
to stabilize prior to the next scan. The mass spectrometer was tuned at
the  beginning of each day using perflucrotributylamine. A calibration
was accomplished with a routine diagostic £it of 2% mass accuracy.
Prior to anmalysis of samples, standard mixtures of n-alkanes, pristane,

phytanet and mixed aromatic hydrocarbons were injected.

RESULTS. AND DISCUSSION

Time Zero Samples

Figure 1 presents the FID capillary gas chromatograms obtained
on the control sediment samplés taken from Rasitsna Bay at the begiﬁning
of the spiked sediment experimesnts® The most characteristic fe&tu;é in
~ the alipﬁatic fraction Ehrcmatbgram, A, is’ the predominance of.fbdd
. humbered n-alkanes in the molecilar weight range of al,; to nC29,¢(RT
56.53; 62.12; 67503; 71.93; 78.7?)' reflecting biogenic input. | The
sample alsc contains very low lévels of nCI7 and pristane (RT 44.55;
44.75) andlncls.and phytane (RT 47.40; 47.83). The‘three ma jor com-
ponents at retention times 31.21, 35.77 and 43.08 are intermal spikes
and a GC recovery standard (triisopropleEnzeng, 3i.21; n=decylecyelo-
hexane, 43.08; and hexamethylbenzene, 35.77, respectively). There is no
apparent evidence of any petroleum contamination and there appears to be
& small cluster of branchéd.and unsaruratéd biogenic hydrocarbons be-

tween nCZO and nch' The aromatic fraction chromategram, B, from thig
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gure 1. Flame Ionizaticn Detector capillary'gas chromatograms of: A, the
aliphatic fraction; B, the aromatic fractiocn aand C, the polar frac-
tion extracts obtained from time zero control sediment samples from
Kasitsna Bay.
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sample shows very little contamination of any kind, with only sub-
nanogram pep gram—dry-&eight components present. The polar fraction
ch&omatogram, C, does show evidedce of several polar wmaterials which are
currently underoing analysis by GC/MS. From GC/MS analyses of similar
sediment samples, the identities of these pezks are suspected to be long

chain fatty acid esters of hiogenie origin.

Tables 1 and 2 present the reduced quantitative data obtained
from the capillary FID gas chromatographic runs of these and all the

other sediment samples analyzed as part of this program. The data in

Tables ! and 2 lllustrate several interesting quantltative ‘aspects whlch__L__

ﬁshould be considered when incerpre:ing the results. -First, the back-
ground levels of hydrocarbons in Ehe coutrol samples from Rasitsna Bay
at times zero and one year were both extremely low. In neither case was
an Unresolved Complex Mixture (UCM) present, and the highest hydrocarbon
concentration in these two samples ﬁas only six gicrograms per gfam dry
'weight. The odd to even n~alkane ratios for these samples (1 and 625)
were high, ranging from 5.2 to 7.9, reflecting'predominance of the odd

n-alkanes of biocgenic origin.

Figures 2 and 3 present gas chromatograms of the hexane and
benzene fractions from the fresh Cook Inlet crude oil and the artifi-
cially weatherad Cook Inlet crude oil esed te spike rthe sediment
samples, respectively. Figure 24 cleerly shows a high degree of com-

plexity in the lower molecular weight range from nCB through nCiZ’
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Flame Ionization Detector capillary gas chromatograms of: A, the
aliphatic fraction, and B, the aromatic fracrion extracts obrtained
on the f{resh Cook Inlet Crude Oil used to spike the Kasitsna Bay
sediment samples, :
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Figure 3. Flame Icnization Detecror capillary gas chromatograms of: A, the
aliphatic fraction, and B, the aromatic fraction exrracts obtained
from the Artifically Weathered Cook Inler Crude 0il used to spike
the Kasitsna Bay sediment samples.
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although the aliphatic fraction is characterized in general, by n-
.alkanes from_oca :ﬁrough nC32. The aromatic fraction shows a number of
lower molecular weiéht aromatic eompounds in the range of KOVAT index
800 to KOVAT index 1500 (RT:lQ.O9_to 35.79). These compounds were
identified by CC/HS as alkyl substituted benzenes _such as xylenes,
| ethylbenzene, trimethylbenzene aad propylbenzenes._‘rhe large peak at RT
35.79 is .the. GC _interﬁal standard hexamethylbenzene. Also in this
sample are peaks identified as napthalene (RT 24.64), 2~methyloapthalene
(RT 29.38), l-methylnapthalene (RT 30.11), 2,6~dimethylnapthalene (RT
.33-87), and several low 1evel alkyl substituted phenanthrenes, as shown

by the data in Table 2;

Figure 3_showeltae gas chromatOgrage of artificially weathered
uerude'oil used to_sPike“the sedimea:_samples. Clearly the alipha;;o
fraction, Figure 3A,,shows loss of the lower molecular weight n=-alkanes
below nClB, however, the higher molecular. ‘welght materials are present
at approximately the same ratios as in the starting crude oil. This is
illustrated by the eoneisgency ln,the pristane[phytane,.pristahe/ncl7,
and phytane/nc18 ratios for the fresh and weathered ¢rude. oils, as shown
by the data in Table 1. The aromatic ﬁrae:ion of. rhe artificially
eeathered crude shows nearly complete dimunition of the lower molecular
weight hydrocarbons beloﬁ dimethylnapthalene; however, there still are
several h;gher molecular welght polynuclears present. These. are
primarlly phenanthrene at RT 47.34 (KOVAT 1790), l-methylphenanthrene -at

RT 51.97 (KOVAT 1933), andfluorantheneat RT 535.45 (KOVAT 2070). Higher
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molecular weight compounds such as benz{a)anthracene, benzo(e)pyrene,
benzo(a ypyrene and perylene are not apparently present in either rthe -

starting or weathered Cock Inlet crude oil to an appreciable degree.

Flgure 4 shows the gas chromatograms of the alipbatlc, aromatic
and polar fractions obtained on the Kasitsna Bay tlme zere sample spiked
with fresh erude oil at 1.0 ppt. The chrnmatograms obtained on the
Sedimenfs spiked at 50 PPt were essentially identical in appearance to
ﬁhbse*in Figura 4,‘and thus the heavier spiked sample’s chromatograms
- are not shown hare. Further, the concentrations of crude ¢il in the 350
PPt samples were at such a high level that only appréxiﬁa;aiy 2% of the
exéractable materials coﬁld be effectively applied to the liquid
chromatography columms for separat®on into aliﬁhatic, aromatic and polar
fractions. This allowed aceurate quaﬁtitation'of the“materials but did
'not figuratively show the presence of the lower molecular weight com—
"pounds to the same degree as :he lower level spiked samples whare the

entire sample could be fractionated and analyzed without prior dilution.

" With regard to the chromatograms inm Figure &4, the éliphatic
fraction, A, is nearly identical to the aliphatic fractiom of ﬁhéstart—
ing fresh Cook Inlet Crude oil shown in Figure-z. This is 'feflecteé
qualitatively in the chromatograms presented in thé figurESI and also
quantitatively by the pristane/phytahe, prisﬁane/nc and | a;:h;,v'tame/!:1Cl“8

17
ratio data presenfed in Table 1. The suite of nCZO—nC21 branched/unsat-

5 N

urated compounds in the background control sample are completely masked

in the spiked sediment samplés. The aromatic fractions of the spiked
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Flame lcnizacion Detecror capillary gas chromatograms of: 4. the
aliphatic fraction, B, the aromatic fractiom, and C, the polar frac-
trion extracts obrained fromcime zerc Kasitsna Bay sediment samples
which had been spiked with fresh Cook Inlet Crude 0il at 1 ppt.

Tigure 4.
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sample show many of the same arcmatic compound$s in the napthalene (KOVAT
11835) to pyrene (ROVAT 2124) range and the alkyl-substizuted arcmatic.
compounds at KOVAT indices 800 tol0l2 as in the starting crude oil. The
polar fraction of the fresh spiked se&iment at time zero shows many of
the same biogenic compounds as in the Kasitsna Bay c:om:rfa-l sediment. This
is ﬁarticularly true of the compounds between retention times 46.99 and
68.40. These compounds are Present at a greater apparent concentration
in the spiked sediﬁent sample; however, exa@ina:ion of ‘Feduced chromato-
graphic data output shows that chis primarily reflects a smaller final
sample extract volume resulting in more material being -LOaded on the

fused §ilica capillary column,

.Figure S presents the capillary chromatograms obtaine§ on the
time zero sediment samples spiked with artifigially weathered crude oil.
The chromatograms are qﬁalitacivgly very similar to those shoun in
Figure 3 which presented the weathered Cook Inlet crude used to spike
the sediment samples. Aliphatics are virtually absegt below nCl-3 as are
aromatic compounds with ROVAT indices below 1300. a numbé? of higher
molecular weight pol}nuclear aromatic compounds can be identified in the
weathered crude, and these ;re 2-methylnaphthalene at 29.38, l=-methyl-
napthalene atr 30.11, 2,6-dimethylnapthalene at 33.88, fluorene at 40.61,
ﬁhenanthrene at 47.41, l-me:hylphenanthrene at 51.85 and fluoranthene at
55.45. There appear to be no polynuclear aromatic hydrocarbons with

molecular weights greater than chrysene in the time zero artifically

weathered sediment sample. .

H-27



32 3enzenes
C-3 3enzsnes

=% 3enzeanag
MaphTnaiens
Metnyi Napntn.
Jimetny! “agmen.
Triméchy! Naonen.
PRananthrens
Metnyl Shen,
Jimachyl dnen,

O WY L e L -

A

"

S

b aae

oll

v

Figure 3. TFlame Ionization Derector capillary gas chromatograms of: 4, the
aliphatic fractiom and B, the aromaric fraction extracrs obtained
{rom time 2=sro Kasitsna Bay sediment samples spiked with Artifically
Weathered Cook Inlet Crude Qil ac 50 ppt.
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Time One Year Samples

Each sediment sample was spiked and placed in a sadiment crav:
the sediment samples'wére deployed ar various depths in-Kasitsna Bay and
Sadie Cove. After one year of exposura the trays were retriéved and sub—l
samples of the sediments were collected. figure 6 shdws the chromaco-
grams obtained om the aliphétic fraction of A, the 50 pot fresh crude
éil.spikedinto the sgdiment at time zerc, and B, C, and D, che cripli—
cate samples examined after one year of natural weatheting. Several
feartures are significant in this figure. The first and most  obvicus
faature 15 the lack of any appraciable weatherlng of the Oll at this
high level of ccucentratxon. This is reflected in the qualicative
appearance of the chromatograms afﬁ in the data prasented in Table 1.
Specifically,' the lower wmoleacular weight n-alkanes _from nC8 through
nCIZ, and fhe branched and eyelic compounds occurring between EKOVAT

index 900 and 1000 appear to be nearly identicil in all four samples.

Figure 7 gr;phically'presegts the concentration abundance of
:he.p-&lkéhes in the 50 #pt spiked sediment sample at time zero and
again after one year of weathering in Rasitsna Bay. Note that inm addi-
tion to' the concentrations of the time zero and one year samples being
very similar, the overall trends showing decreases in the higher molecu~-
lar weight compounds are nearly identical for both samples, illustrating

the lack of any appreciable selective weathering.
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flame lonizarion Detector'canillarv gas chromatograms of: A, the
aliphatic fractiocm of che 30 PPL fresh Cook- Inler Crude 0il gpiked
inzo the sediment at rime zero, and 3, C, and D, the aliphatic
fractions of the triplicate samples examined afrer one vear of
natural weathering in Kasicsma Bay.
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The similarity of zhe 5:1.':1'.51:&111:3/r:.cl_7 and phytanefnCLa ratios,.as
observed qualitatively in Figure 6 and Table 1L, - alsﬁ__illustrates the
lack of any appréciable biotic or abiotic weathering E:Ln these samples.
The chromatographic profiles are e3sentially superimposable, reflecting
 the homogenie:y of the initial spiked sediment, the replicabilicy of the
weathe:ing procass in the field and the precision of the analvtlcal meth-
od. Individual values for these three fractions are presented in Table
.l, and the agreement of such fga:nréS'as:the tafal nfalkanes; sum qf the
- .4odd n-alkanes, even nfalkanes, pristane/éﬁytaneﬁféﬁios; etc., 1is worthy

of cousideration.

Figure 8 prasents the gas chromatdgraﬁs of the aromatic frace-
tions obtained on the 50 PPC frééh Cook Iﬁle:-sﬁiked sediment at time
zers (A) and the replicate fractiéns (B, C and D) obtained frnm analyseé
of the :ripli:ate sediment samples after one year of ‘matural weatherlng.
As in Figure 6, thers does not appear to be any selective weathering of
the individual components present; however, examination of the reduced
data in Table 2 and Figure 9 shows that s’om decreases in a'rcma"i_:ic:
hydrocarbon concentrations did occur after 1 year. The apparent lower
lavels' of material in chromatogram A (Figure 8) only reflect a larger
final sample extract volume from which an aliquot was removed for
;nalysis by GC. Figurs 9A presents a graphiéal r;presentation of the

coﬁ:antraaioﬁs of éight selected aromatic compounds in the fresh 50 PPt
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spiked sediments at time zerc and time one vear., While tiﬁe zerd levels
of individual arcmatic‘compounds ranged from 30 to 137 micrograms per
gram dry weight (for napthalene through 2,6-dimethylnapthalane) aiter one
year these compounds were prasent at concentratlons ranging from 15 to
40 mzcrograms per gram dry weight. The decreases in aromatic compounds
from Kovat 1nd1ces 1100 to 1500 were greater than the decreases in aroma-
tics with Kovat indices ranging from 1500 to 2000. This presumably re-
flects two things: 1) the grearer volatility and_watér solubility of the
lower molecular weight aromaric compéunds, and 2) the lower relativg a-
bundance Qf the higher molécular weight aromatics in the crude oil to be—_

gin with.

Figure 9B shows the felative losses of aromatic hydrocarbous in
the artifically weathered crude oil spiked into the Kasitsna Bay sedi-
ments at time zero and time oneé- year. This figure illustratas that much
. smallar rela:;ve changes occurred over the one year ﬁeribd aftar the oil
was spikad into the sediment. That is, the starting concentré:ions of
Aromatric compounds such as 2-methylnaphﬁhalene throggh phenanthreﬁe rang-
ed between only 6 and 12 micrograms per gram dry weight of sediment when
artifically weathered crude was used to spike the sample at time zero,
These levels were not significantly reduced after one year of weather-
"ing in the sedimenté of Kasiféna Bay: the most significant ﬁeathering

occurred while the oil was "artifically weathered" on the surface of a
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salt water aquarium before the o0il was spiked into the sediment. Never-
theless, once these compounds are introduced into che sediments, they
are not as rapidly removed as they would be from simple dissolutiom in

the scarting oil itself. D

Figurezlo prasents the gas chroma:ogramgndfrthe aliphatié¢ and
aromaricrfractioﬁs abtained on the.l PPt fresh—crude=oil spiked sediment
after one year of weathering in Kasitsma Bay. In comparison with Figure
.. 4 which shows the sﬁarting 1.0 ﬁpm spiked matErial; it is élear that
significant weathering of the sample has_qccurrad. This is'reflecced
‘firs: iﬁ the significantly greater relative loss of the lower moiecuiaf
weight alkanes below nCy4, Presumably due to &’ combination of biological
and abiotic (dissolution) processes. Evidence of biochemical degrada-
tion is shown in examining the pristane/ncl?_qnd'phytane/ncia levels in
thg aliphatic fraction in:Figure.lG‘cﬁmpared to the aliphatic fraction
.in Figure 4, and by-eiamining tﬁe.numefiéal vaiqés for thESe.rat;us in
Tabie 1.+ Clearly the stréighf chain alkanes have been prefersntially
removed relative to the branched chain isopremoids. The overall levels
of other aliphatic hydrocarbons are also significéntly Teduced as
{llustrated qualitatively in Figure 10 and by the dara in Table 1.
Figure 11 graphically presents the concentration abundance of n-alkanes
in the 1.0 ppt fresh crude oil sediment spike at time zero and'after one
year of natural weathering. Clearly all of the lower molecular weight
alkanes below ncls.are reduced by a f;ctor of from 2 to 5 and the higher
molﬂdular&weight n-alkanes are reduc;d by at leéét a factor.of 2 com

pared to the sample ctaken at time zero. For the 1 ppE sample the total
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resolved hydrocarbons decreased from 83 to 21 ug/g dry weight during the
year of exposure and the unresolved complex mixture decreased from 154

to 98 ug/g dry weight.

The aromatic fraction data in Figure 10B show somewhat less
degradation compared to the aliphatic fraction. Compounds with
ﬁblecular weights less than naphthaleme (ROVAT < 1185) are obviously
redoved due to a combination of blological and. abiotic factors (dis~-
solution and evaporation); however, compounds with molecular weights
greater than l-methylnapthaleme (ROVAT > 1315) appear to be present in
relatively identical cpnceﬁtrations compared to the starting materials.
That is, while overall levéls are slightly reduced as illustrated by the
data in Table 2, the relative coacentrations of the individual pdly-
nuclear aromatics are véry similar in the time zero and time one year
samples. This is also reflected quite obviously by the qualita;ive
appearance of the aromatic fractions shown in Figures' 4B and 10B,
respectively, and by the data presented in Figure 12A. Figure 124
graphically presents the relative concentracion abundance of selected
aromatic hydrocarbons from the 1 ppt spike of fresh crude oil at time
zero and aftar one ye;r. Clearly while the relative rangé'of concentra-
‘tioms df all of the compounds in the time zero and one year samples ars
lower compared to the 50 ppt sample shown in Figure 94, the overall cén-'
centrations of the time zero and naturally weathered 1 ppt samples are
still relarively similar. This is'fpgrticularly true of the higher

molecular weight compounds, bi-phenyl, fluorene, phenanthrene and
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l-methylphenanthrene. .As in Figure 94 and B, the relative concencra-
tions of artifically weatherad aromatic compounds from the 1.0 ppt
sample shown in 12B show that concentrations are in the same range in.
- the artifically weathered sample ‘as in the fresh sample after it had

been westhered for a full year.

Clearl&, ﬁhile biological degradation of the aliphatic hydro-
carbons (primarily n-alkane) cecurred at the } ppt level, concommitant
degradation éf the higher molecular weight polynuclear aromatics com—
pounds with molecular weights above that of methylnapthalene did not

occur at a 51gn1f1cant level.

This lack of degradationeof higher molecular weight PNA‘s art
the 1.0 ppt level is also illustrated im Figure 13, which presents the
aromatic fraction chrométngrams of: A) the ! part per thousand fresh
crude spiked into the sediment at time zero; B) the aromatic fraction
obtained from the ] ppt sediment after one year of in situ weatherzng in
Kasitsna Bay; and ¢) the aromatic frac:inn of the 1 Ppt sediment spiked
wi:h artificially weathered crude oil after one year of additional
weathering in Kasitsna Bay. Clearly, examination of chromatograms 134
and B shows that some loss of the lower molecular weight alkyl substi-
tuted benzenés at.recagtion times 10.45, 11.68, 15.15, 15.90, 16.49 and
17.71 has occurred due to either.evaporation or dissolution. Compounds
with mclecular weights gre;ter than that of le-methylnapthalene at reten-
:ioﬁ time 29.41 (B) are present in nearly identical relative concentra-

tions. The chroﬁatogram in 13C shows that the same compounds were also
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Figure 13. Flame Ionization Detector gas chromatograms of extracts of the
aromatic fractions obrained from: ‘A, the sediment spiked with 1
oot fresh crude oil at vime zero; B, the 1 ppt fresh crude sample
after one vear of natural weathering in Kasitsna Bay and C, the 1
ppt sediment sampie spiked with artificallv wearhered crude oil

afiter one vear of additional weathering in Kasitsua Bay.
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present in the "artificially weathered" oil which was spiked inro the
sediment after an additiomal year of natural weathering. This suggests
that although many lower mole;ular weight "aromatic compounds are removed
from natural weathering of spilled oil while the o0il is still ar the
surf;ce,once the less water soluble and volatile higher m&lecular weight
PNA‘s are incorporated into the sediment,:additional degradative pro-
cesses are extremely slow. Thus, while the relatively non=-toxic alipha=-
tic hydrocarbons are significantly &egraded by biologitil procééses in
_the‘sedimegts at 1 ppt, the more toxiec aromatic compounds appear to be
longer livéd when introduced to the sediment from either fresh or

weathered crude oil at similar levels.

Figure 14 presents the aliphatic, aromatic and polér fraction
chromatograms obtained. on the 0.1 PRt fresﬁzcrude oil_spiked into the
sediment at time zero ta)“and aftér oﬁe year of weathe?i;g:in the sedi-
ments of Kasitsna Bay (b, aliphatic fracrion; e, aromatic fraction; 4,
polar fraction). Clearly, almost all of the n-alkanes in the starting
¢il are no longer present in the sediment after ome year of weathering.
In faesg, the only compounds of any significance in the aliphacic frae-
tion of the fully uea:hered sediment are higher molecular weight odd
n-alkanes, nczs,_nc,s, nC27, and nczg Ihese same compounus are also
yhedumiﬁdﬁf in the fresh ¢rude sample shown in Figure 144. That is,
instead of seeing a,rggular decrease in higher molecular weight
n=alkanes from uC,, through nC4,, the 6dd carbons at 23, 25 and 27 from

biogenic input are clearly present. These are the only compounds which
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Flame Ionizarion Detector capillary gas chromatograms of:.A, the
aliphatic fraction of the sediment spiked with 0.1 ppt Fresh Crude
0il at cime zero and B, the aliphatic fractiom, C, the aromatic
fraczion, and D, the polar Iraction extracts obrtained on the 0.1

PPt Fresh Crude 0il spiked sample after ome vear of Narural Weather-
ing in Kasictsna Bav.
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remain in the sediment after one year, although :he:g is some evidence
that several unsaturated compounds between KOVAT indices 1900 and 2200
are present in Figure 14B. -The aromatic fraction 14C shows only ex— '
tremely low levels of residusl materials with some aevidence of pyrane
perhaps remaining in the sediment at rerention time 78.70. This com-
pound was not detected iﬁ the starting crude oil to an appreciable
.degreei however,- So its presence may reflsect input from some other
éource. GC/MS characterization of the compounds in the polar fractiom,

léb, is being completed at this time.

Kfigure 15 shows the chrumatograps of the aliphatic and aromatic
fractions of the 50 ppt artificially weatherad crude oil spiked into the
‘sediment after one fear of additiohal degradation in the sediment plots
in Kasitsna Bay. Caﬁpa:isbn of the sediments spiked with the weathered
crude oil at time zers, as shown in Figure 5, shows little or ﬁo change
in the oil composition aiﬁer one year of addiriomal weathering. This is
perhaps betterfillustrated in Figufe 16; which presents the éoncen;ra-
tien abgndance of the n-alkanes in the sediment spike at 30 ppt of the
artifically weathered crude oil in the time zero sample and after one
year of additional natural weatharing. The data illustrate that all com-
pounds below the level of nCl4 are drastically reduced in both the starc-

the residual oil isolated after one year of natural wea-
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thering; however, the higher molecular weight compounds are not sighifi-
cancly altered. The corresponding data for the aromatic fraction of the

30 ppt spike of artifically weathered_&rude are shown in Figure 9B. These
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show that while the overall concentrations of the lower molecular weight
mone and di-eyclic aromatic compounds were reduced in the weathared
crude oil compared to the freeh crude oil, once the artifically weatherad
oil reaehed the sedimeet, further degrada:ieu and loss of the arcmatie

compounds did nmot occur.

When 1.0 ppt weathered crude oil was spiked into the sediments,
much gresatar degradation and loss of the lower molecular waight
a=alkanes occurred as illustrated by the data in Figure 17. In Figure
17 the loss oflnwe; mnleenlareweight aliphatic compounds can clearly be
obsarved in the'ertifieally weathered oill as it was spiked into the
sedimentg. The sample collected aftsr one year of weathering at
Kagistna Bay conteined essentiazllyenc aliphatie”hydrocarbons below nCza
This was very similar to the casge when 1. 0 ppt frash crude oil was
spiked into the sadiments and similar decreases in the aliphdtic frac-
tion were observed. The data in Figure 128, however, show that the
relative concentrations of aromatics in the 1.0 ppt weatherad crude did
not decrasasge significantly over the year period after ﬁhe 0il waa intro-
dneedeinto the sediment. Qui:e.eleerly from these results, after frash
or weathered eil is incorporated into the sub=-Arctic sedimentary regime
at coneeutrations greater than 1.0 ppt, only limited additiomal degrada-
tion of the aromatic frau:ion occurs, at least in periods up to one

year.
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Sadie Cove Qil/Nurrient Soiked Experimencs

Figure 18 presents the aliphatic fraction chromatograms ob-
tained on a) the 30 ppt oil plus stareh b) 50 ppt 0il alone and c) 50
PPt ci; plus Chiron samples from Sadié Cove. The three chromaﬁﬁgrams
are essentially idemtical shcwiﬁg that lic;le or no degradation of the
oll occurred at the 50 ppe leVél{' This is also reflected guanticativaly
by comparing the mumbers in Table 1 for samples No.s 782, 779 and 780.
T.Ihesg_d;:; suggest that the total reoslved hydroc;rbcns and unresolved
complex mixtures are essantially idenﬁical in the three samples. Other
similarities include the odd/even hydrocarbon ratics, the ratio .of the
sum of pristane plus phytane to the total n—alkanes, and the pristane/
ncl7 andkph}cane/ncla racios. - Esseh:ially, these data suggest that at
the 50 ppt level degradation is not nutrient limited. Figure 19 pre=
sents the asromatic fraction chrdjgebgtams obtained on the same thrae
Sadie Cove éaéimgﬁ:hsaﬁpies: a)lﬁil plus starch, b)‘oil alone and «¢)
oil;plus Chiton. As the data in Table 2 illug:rate, the aromatic com-
pounds which were identified appear to be'essentiaily the same :in all
three samples, although there may be-soqe decrease in the levels of aro-
matic compounds in the oil and starch sample (a}. Rgplicater analyses
would be required to determine ifrthe subtle difference in overall aro-
matic éﬂEpOUnd. levels is staﬁistiéallf significant. Altermatively, it
may be prudent to examine 1.0 ppt oil spikes in the presence and absence
of nurrients to determine if enhanced aromaric hydrocarbon degradation
can se induced te lower overall hyérccarbon levels where the inherent

toxicity may be readuced.
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Tigure 18. Tlame Ionizarion Detector capillary gas chromatograms of

aliphatic fraction extraccts obtained on: A, 530 ppt fresh 0il plus
starcn, B, 30 opt fresh Oil alone, and C, 50 ppt frash Oil plus
Chicin arfter one vear of natural weathering in cthe sediments of
Sadie Cove. '
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Tigure 19.

Flame Ionization Decector capillary gas chromatograms of aromatic
fraction extracts obcained om: A, 50 ppt fresh O0il plus scarch,

3, 530 ppt 0il alome, and C, 50 ppr fresh 01l plus Chitin .after one
vear of natural weacthering in theé sediments of Sadie Cove.
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SUMMARY

The results presented here support the conclusion thaz in a
major oil spili event in the sub-Arctic marine environment, the most sig-
nificane weafhering of the oil will occur at the air/sea interfade or in
the water columm before the oil is incorporated into the sedimentary re-
gime, This is particularly true in fipe-grain sediment matrices in low=
energy environments. Once levels of fresh and weathered Cook Inler Crude
oil raached concentréiians in exgess of 1 ppt inrche sediment plots ex~
amined in the study, very littla addirional weathering or loss of higher
molecular weight aromaric hyd;ocarbons occurred. At spiked levels of 30
ppt with both fresh and weathered crude 0il, nearly complete inhibition
of microbiological utilization or selectiva remcﬁal_of aliphatic Bydro—
carbons was also observed, especiall? for those sedimsnts spiked with
f:esh'crude; Récovery;of”biolcgical activity and selective utilizarion
of aliphatic hydrocarbons did decur in the sawples spiked with fresh and
weatherad crude at 1 ppt, and in the O.l-pp; spiked‘samﬁles; there was
liccle or no evidence of either aliphatic or aromatic petroleum hydr6~
carbon contaminarion aftér ome year. At that time, the 0.1 ppt spiked
samples appeared to contain on;y the.same biogenic hydrocarbons observad

in the non-spiked control sediment samples from Kasicsma Bay.

In the study plots which were spiked with 50 ppt oil plus added
auctrients (starch and Chitin), there was no evidence of any enhanced bio-
tic recovery or selective hydrocarbon utilization with either fres@ or

weathered crude oil. This.suggests inhibizion of biological processes
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from ché high levels of toxic dromatric compounds in zhe 0il itself racher
than-inhibitiéﬁ from limited nutrient comcencracions. To more accuracely
addrass the role of ;dde§ nutrients in oil degradacionm, derailec analyses
should be completéd on lower spiked oil concentrations in the presence
and abseunce of nutrients. Alép, experiments to assess the role of dis-
‘solved oxygen, grain;si;e, the energy (ﬁidal and wave) input o the sed-
imentary enviromment, total organic carbon comtent and other factors such

as total bic-mass, could be consideﬁed in future studies.

From the results cbtained on the fresh and weathered crude oils
and the sediment samples examined in this program, it appears that ~ che
.maximumzamaun: of weathering and remnval.(dissﬁlution and evaporation)
ofjtoxic components can be achieved if spill clean up and treatment eaf-
forts are designed to prolong the time that the a;i remains on the water
s;rface or suspended in the water cplumn.. This may suggest limited use
:of'dispersanzs ar detefgents in certain spill situa;iéns, particularly
1f damagélto coastal zones is not imminent. (Copraimment and recovery
af ché--- tésidual higher‘ molecular weight materials snoﬁld take precedence
over othe: stra:egies such as chemlcaldisnersalwhich may'resul: in digh-

er sub-cidal sediment loadings.
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