AD=AD92 424 JAYCOR WOBURN MA

F/6 8/3
A COMPARISON STUDY AND SOFTWARE IMPLEMENTATION OF NORDA OCEAN M==ETC(U)

0CT 80 L LIN
UNCLASSIFIED JAYCOR=PSD~200-80-008FR

NL
; | e
ﬁiia
1-814

N00014~79=C=0874




-~

Iy A o
TEPRUOULD L

I37

A COMPARISON STUDY

AND SOFTWARE IMPLEMENTATION

OF NORDA OCEAN MODELS

THIS DOCIn T 71 "’“"',‘ ~TATTTY PRACTYCABLE o

THE Copy =

SIGEIFIO

Y

CoL TAGZI WHICH DO m 4

TOTUTATHED A

300 Unicorn Park Drive
Woburn, Massochusem 018

15 010




A COMPARISON STUDY
AND SOFTWARE IMPLEMENTATION
OF NORDA OCEAN MODELS

JAYCOR Project #6181

Final Report on NORDA
Contract No. N0O0014-79-C-0874 i -+

PSD-200-80-008FR

October 8, 1980

Submitted to:

Office of Naval Research
Arlington, Virginia

S T A
SR e ;
- “ oot 2L a1,
Ap..\'rwcw ". ‘ )
D!":“Al- o * I




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
‘REPRODUCE LEGIBLY. |




UNCLASSIFIED

SECUMITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE BEF o S R o kM
\. REPORT NUMBER \ 2. GOVT ACCESSION NO.[ 3. RECIRMENT'S CATALOG NUMBER
PSD-200-80-008FR - _HO92, y@/
/ 4 TITLE (and Subtitie) 5. TYPE OF REPORT A PERIOD COVERED
- A Comparison Study and Software Implementation Final Report
- of NORDA Ocean Models . ) ‘| 8/6/79 - 5/5/80
. @—SAY mmf NUMBER
- C& /"’ 4 PSD-200-83-008FR |
/O 1T AUTHOR¢e // /4 / ) mmmtuwiasn(-)
~ /|l Liang-Bee ‘12/ ,r ~1
A ~—~~[i ¢§7 _ <;_;§ ‘ N60014 79 C=0874x'”1‘=/
8. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

JAYCOR /,/"; ‘ , AREA & WORK UNIT NUMBERS
300 Unicorn Park Drive O e
Woburn, Massachusetts 01801

1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPQORT DATE
0ffice of Naval Research October 8, 1980
Department of the Havy 13. NUMBER OF PAGES
800 No. Quincy St., Arlington, VA 22217 41

14. MONITORING AGENCY NAME & ADDRESS(Hf ditferent from Controlling Oftice) 15. SECURITY CLASS. (of thia report)

DCASMA, San Diego
Bldg 4 AF Plant 19
4297 Pacific Hwy. 15a. !s)cECLDASilEFlCATION/DOWNGRADING
San Diego, CA 92110

16. DISTRIBUTION STATEMENT (of this Reparr)/ /r 7
9 Fiia /?f/c

Unclassified

DODAAD Code Z |
68462 N62887 >
505147 & W T7- ‘?/P et /,
N00173

$47031 b e N ‘ | L

17. DISTRIBUTION STATEMENT (of the abatract entered In Block 20, 1f dlfferent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side il necessary and Identify by block number)

Ocean Circulation Seamounts
Eddy-meanflow Energetics Hydrodynamic Models
Ocean Basins

Flow Fields

20. ABSTRACT (Conilnue on reverse slde |f necessary and ldentify by block number)

¥ Work on modeling ocean circulation is described. Specifically addressed are
eddy-meanflow energetics, extension of existing modeling capabilities to
include basins of irregular geometry and modelling flow fields near seamounts.

-

DD ,"S5%, 1473 eoition oF 1 NOV 63 1S OBSOLETE
JAN 73 . ps
sA¢moeronaem Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Defa Bntsred)
L7 L

k//

et

//_




IT.

ITI.

Iv.

TABLE OF CONTENTS

Page
SUMMARY . . . L ot o e e e e e e e e e e e e e e e e e e e 1
EDDY-MEANFLOW ENERGETICS. . . . . . . . . . « « . o . .. oL 2
A. One-layer Energetics (g'-model) . . . . . . . . . . . .. 3
B. Two-layer Energetics (small core version) . . . . . . . . 7
IRREGULAR GEOMETRY CAPABILITY . . . . . . . . . . .« . ¢« o o o 14
A. Quasi-Geostrophic One-layer Model . . . . . . . . . . .. 16
B. Rigid-1id One-layer Model . . . . . . . . . . . . . .. .21
€. Quasi-Geostrophic Two-layer Model . . . . . . . . . . . . 24
D. Rigid-1id Two-layer Model . . . . . . . . . . . . . . . . 27
SEAMOUNT. . . . & & ottt et i e e e e e e e e e e e e e 30
Figures . . . . . . 0 e e e e e e e e e e e e e e e e e e 32




1. SUMMARY

“During the course of this research, three technical areas have
been addressed:
(i) eddy-meanflow energetics
(ii) model extension to irreqular geometries, and
(iii) flows around seamounts ¢
In the first area, three models have been developed to study eddy-mean-
flow energetics in ocean circulation. The formulation of these models
is unique and it is felt that they are the first truly applicable to
regional energetics.

Similarly, NORDA modeling capabilities have been considerably
extended by permitting the modelling of irregular ocean basins. This
extension from simple rectangular geometries has greatly improved the
realism of the model and its behavior._.

The seamount studies are specifically directed at an examination
of measured circulation perturbations near a seamount topography and a
comparison with predicted patterns. These comparisons provide data on
model ability to predict flow fields and also on the accuracy of pre-
dictions. .—~

Each of these areas is discussed in the remainder of this report.




II. EDDY-MEANFLOW ENERGETICS

Three software packages are developed and tested for the study o*
eddy-meanflow energetics in ocean circulation. They are:
(i) one-layer g'-model energetics
(ii) two-layer free-surface energetics (large core version)
(iii) two-layer free-surface energetics (small core version)
(i1) and (iii) can also be used for rigid-1id model,
a separate preprocessor is provided for this purpose.

The ocean models when subjected to steady forcing functions usually
reach a steady or statistically steady state, provided some dissipation
mechanism is present and integration is carried out long enough. For
statistically steady cases, a meanflow can be defined as the average of
the flow field over a period of time in the final trendless state. The
eddy field is defined as the difference between the instantaneous flow
and the meanflow. Energy equations are then derived for the meanflow
and the eddy field; they relate the time-rate-of-change of various energy
measures (Km’Pm’Ke’pe) to the energy transfers between them, A schematic
energy diagram is often constructed to quantitatively show the flow of
energy between the different variables.

Several energetics studies have been done in the research of
mesoscale eddies and general circulation. Most of them, however, are
concerned only with the global energy balance, or integral properties for
the entire basin. Our formulation, we believe, is the first for layered
ocean models that has correct Reynold's stress terms and the capability of

regional energetics. Detailed derivations of the energetics equations




have been delivered to Drs. J. D. Thompson and H. G. Hurlburt of NORDA.
Because of the length and the onerous mathematical formulae, the deriva-
tions are not presented in this report. Rather, we concentrate on the

usage of these energy packages.

A. One-layer Energetics (g'-model)

(i) Run Preprocessor

JO® LINGUIMGEMILPREP 3 LTX"45 4 4L T ViV 2 "PT=(l,N5R),C T =34

LIVIT BAND=450,"IN=2 .

PD MY SUSERCAT/ZDTT/=S /7L (%L

D FTU?FCOI,UQHD=ZL/3D/5,‘WQU=PS,0(SZ=4UbU,LR?CT4“”%,€C5”=VQS
)] FTU9F052,3335=20/$5/5,F3?3=PS,EKSI=4300;L?EC=J996’QCF3=7i3
tD FTU9“OO3,G\10=2C/35/5,:VRSZPSQCKSZ=4UCﬁ,L??C=j°°6,?C"W=Y£5
MFR FLILELIN ]EFID=QU6534’5AJ;:3

FIT FTCI Q%1

FIT FTCACOC2

FIT FT09F03

MFR=

FD FTIUFOUI’BQNU=155/25:/ZC,FﬁRG=PS,ﬁ{SZ=4iJ’,LT:C=3@)6,HCF”=V?S
ASG Al AY/ZENGILYRTZUS =512

/ N LANKIPT=CHy Y 3 A3S9F 530 9K)

LI3RAKY 13

INCLULT M2t e20

/7 FACT TTE{Y )y CPTLME=QO T

MNTNTN YT TN N M N NYN NN NN

LINP YT
RHﬁ=1LUJ.,%C=-1,SPVuL=_.;E+lu,"=3,N35=%6,
EEND

/ CATY MY/ZEME836Y34AC v==T106( 1

/7 €3

The history tape is #006834, the output is a long file containing
three years of data and resides on disk "EM6834Y3".

See program listing for the meanings of the input parameters.




(i1) Run Energetics Program

7 JO2 LLdeGa4ebELL UM LT 45X st T 2Lty 0T=( 0Ny =) g 00T =5
7 LIMIT 8ALN=8D,M0i=3

7 PD MYZUSERCATZITT/u50 L wiL L

/7 ASG Ol MY/ENGILYRIZUS =507

7 ASG O8I MY/HNIRDATSR,USE =540

7 ASG FT13FQC1,4MY/{M6834Y3, )S55=547

7 LNK LUSOPT=CNyY 9 gSsFy j9)yS5P.C2=2020

LI3RARY 9}

INCLUOE E401Lne

LI3RARY 3I3J

7 5D FYL1FR001920.N=4/7107:

/7 FXQT 3PT=(Y4ZL)sCPTiMzZ=yydn_
EINPUT
ISTH=1,IMUH=RE 3 JSTUH=4, 310 =48,
IFLAG=1,IDAY=340,ISKIP=11y 4AXREC=T,
&5nD

/7 CATY MY/ZERASS g 4C*M=FToi7 0

/ ESY

The output from preprocessor ("EM6834Y3") is used as the input for
this program. The user should examine the printout of the preprocessor and

determine the time domains of the averaging process (i.e. ISKIP, MAXREC,

and IDAY). See listing for meanings of input parameters.




(iii) Switching Storage Device for Data File

7 399 LINeGOINeTAPE2DSY gl TAGN X gL T it Ly P T=(U 0,y 1)yChT=t0
7 LIMIT bAND=280 M=
/7 PD MY USERCAT/DTTI/7350C/7L 1%L
] FD Fed M ID=1850725C0/2¢
/7 ASG FyPY/EH6B34Y3,USE =518
7 CATY MY/ZEM6R34Y3,A0NN=r
/ EBJ
/- -
7 J33 LINSOIHDSK2TAP Sy i 7X 45X gL TSI 9 1P T=(Cy0gr),C"T=;
7 LIMIT 3AND=5D4IN=1"
J PD MYLUSERCAT/DTT/.oSu/7LY050.
J ASG FyaMY/ZEM6334Y3,USE=)
/7 CATY MY/ZEMO834Y39ACH=F 42TYP=T 0
/7 EM)

The preprocessor creates data file "EM6834Y3" on disk, ready for
use by the energetics program. However, disk changes for such a long
file are quite high. It is advisable that the user move the file to tape

after each use. The above two short jobs switching the storage device.




(iv) Program Modification

JOR LINSOIMSENTRGY ) 170 45X 0,0 i8], 10 7=(0,",2),C4Tx1
LIMIT BAND=S)4ML.=s

PO MY USERCAT/ZITT/550/L1N8L,

AST S19"Y/ENGILYRS,USr =543

ASG (1Y /ZENGILYRISUS =S4

CIFER CADDNEN=3)K,StC=24"

<< CHPY 51,52

<< CIPY Tl,492

<< MERGE S1,TEAP,UPDAT:

¢ SELECT MaSk B R e
10,17

1 IMDP2 ,3STP I 41X 5, J X7, d D025 14N

A YA S L)

=43
IAeXP2=IMAKs?2

€ SELECT PREPRS
-1525152

833 FURMAT(LIA RCl="9i5)5Ky"RE=",12212,3," P.=%,17212.2)

/ FTN FTIVERS=HXsETHIPT=Cs%y 19T gV ed)ylii=Tetw < T T
I FD FTub=001,.,7N=4/1 ./

/ CLFER CADNMEM=3IK,S500=24 .

<< SPLIT TE“P,S2

<< SPLIT SYSe3:410,32
<< PRINT S2

I CATY MY/ENGILYRSyACHN.=
J CATV MY /EMGILYRIH ALY =
!/ ECGJY

[\
S
N

In the event that the user wants to make permanent changes to the
energetics package, the above program provides the CIFER updating

procedure. Changes should be bracketed between << MERGE and /FTN.




B. Tws-iayer Energetics (small core version)
(i) Run Preprocessor

7 JYn Llu.oﬂ“.SLt4ﬂ<:9,;7«;4Fx,;LA-:-‘."?T=(C.’,1>.’ T=_2
/ OLIYTT aAasD=4T Ny Tz

/7 PO MY G USERTAT/ TT7/35 0718

7 ASG MY gmY/STUATLRIYS- =542

FOLHK LNCIPT =i, Yy iy sFy osX)
LIsRrRARY =2

TICLYIE Prepa-

7 FD rTuSECT1 4540030 /1L0 /) PTCN =05, L A8 =40 s 0T =/~ 5
/ FIT FTIOQFCOL14CFI0=002 20,00 L=n

/7 F2 FT41FC{ly.a :0=47717 Sy ST, ENS S 4l g LE =y e
/ =D FTQZCCul,u113=4¢/7,/F,:°%J=95,~(Si=4- T LT o=
JOFXTT SPT=(Y,2),CPTIvE=y ¢

LIwoT

R L T TR N

I=/L=2 ,L-‘xST:B,

SEh2

JOLARTY Y2027 .5 902 T 0

J CATY X /L2022%  S4nav=~1427,

r AR

/] FIT LR A FE R PR el VTR R S IS I

7 FXQT 9P T=(Y 3 l),CPTivE=) 0.,

SINegT

2:H4%=100" W )"3(2:‘1.)":1”--‘0:;5]

[‘:L=2)LQST=3)

L7

7 CATvY MYJULDRQAZRTI 1y 0= 4 e,

J CRTV “Y/LU24357 15400 4=2T6427, 1

rCy

7 EIT FTTOROTL 9830102007 Py 3yt Vet =

I FXOT "PT=(Yy2)yCPTive=0, .

EI0yT

49=1231 .,:';C—-l.,"{:l, 130 =545

IFL=3,L0S5T=3,

LEND
7 CATY Y /0243772900 12T 170,
F OCATY “Y/ L0263 2,00 1 =.-1427
I CATY MYZETS0F0 . Ly LhasE T ey o
VAR |

In this particular case year 5-7 are input to the preprocessor.
Year 5 resides as the fifth file on #002022, year 6 and 7 reside as the

first two files on #000243.




Note that a total of 7 files are created by the preprocessor program.
Each year has 2 files (U and L) and FT30F001 contains bottom topography
and other information.

See program listing for interpretation of input parameters.

(ii) Create Load Modules

JIg LIN3GIAMSL“991,17x GOX . LT ol T=(Cy)y2)
LIMIT bAND=5% ¢1In=,

PN NYSUSERCAT/OTTZLS . 7L1..%¢0 1

ASG 1 4MY/SCIR2L2Y,41S: =542

LMK LN;(ﬁI’T=('\',Y,A,S,F,“&),LSP;;CE:::;D.“
LIZRARY <1

INCLYUDE ®rpuL:

7 CATY MY/ZLMINI g AL 1%=SY el

NN NSNS

/7 ETI

7 333 LINBGINBLMID 41 TA 4548, LINFLi g PT=(540,2)
7 LIMIT B3ANHI=504M10=.

/ PO MYSZUSERCAT/DTIT/s50 /L0

7 ASG 01MY/SCOR2LRIHYSTI=S.4"

7 ASG B JydY/ZHIRDATIN yUSI=5017

7 LMK LNCIPT=(HpY 9 a5y Ty 9l ), LSP AL Z=2 202007

LIJRARY M1

[NCLUDE ®7TNUL2

LIBRARY 354

7 CAYY MY/iLMTD24AC =Sy 1L 49
/ EQJ

The small-core version of the 2-layer energetics program has two
driving programs (PROGRAM MODUL1 and PROGRAM MODUL2). These two programs
should be executed in series. The above two jobs create load modules from
the object 1ibrary and store the modules on disk, ready for execution with

appropriate input data.




(iii) Execution of the Load Modules

7 JO8 L1MNeOMMaLO2LFXUTZ1T7X745%A sL I vbil g WPT=(lyDy)ynil=n
7 LIMIT QAMND=ST gMIN=]
7 PD MYHUSERCAT/ZITTI/:85. 701 1501
7 =D :TblFUOI,PﬂWD=5/l5flpﬂCFﬂ:V15
/7 FD) FTTOFRDQ1,0A40=1/0/1 420=1 L
7 FD FTTLIFCOL1 450001/ ,7CF N —Vbj
J E0 STT25CO193A00=1/7472 5y 052y 5
/7 ASG FTA41F00YlaMY/U2.22 “U59 ST =807
7 ASG FT4ZF071,”V/Lc‘dLF“r,lJ =5
7 ASG FT30C0C1a8Y/7T32~.521,U52=5
7 ASG LMEDIZMY/ZLMIDL S =512
7 FXQAT 3P T=(YgZ)CPT e =3000 0,570
LI120T1
IYC=1 o LSKIP=5,L"AK=431,4" J5=W,LAST JeNAXNEC=10 1,
ISTH=L g LMOH=T5 4 JST =3, YiN=ad,y,{ ) =150,
LEND
/7 REL FT41980012
/ REL FT42F001
S OASS FTGL1FGIY 8 Y2UL243 ulylSo=507
/7 ASG FTA2FQ01,4Y/ /L0263 01,982 =81"
/7 FXOT 9PT= (Y,Z),CPT;?-~Ql‘u s H =L
LINPYITL
IYC=29iSYIP=C gL MAX=369 35T 231 g LAST =230 XM= 0",
ISTH=1, I'IOH—T)yJSTL!-3gJ.)!= myg1JPrY=165.7,
KREHD
J Rrl FT41€0012
J REL FT42%0201
/7 ASG FTAIFGUL4MY/UC24370244S2=S 147
/7 ASG FT42F001,4Y /L0245 -23J5:=SW'
7 EXTT IPT=(Y9Z)sCPTini=a 00 yLM= 30D

LINPUTL

IYC=3 4 ISKIP=L 4 LAX=33 3535307 yLAST=2p M {REC=1D 0y
ISTH=1,, LMNUA=T5,3STH=3,0:001=4 ),Y)""g‘ ’
LE™MD

REL FTA417071

REL FT42FJN1

PEL LnAD1

ASG L™ID2,MY/LNID24US .

ASG FT4&IVCOY MY /U202 JQJUS_—SSD

ASG FT42F001,MY/ZL20227°055US8C=8:0

FXQT 9PT=(Y3L)3CPTLME =YD 0w yGo=L 1702

&14PYT2

IYC=1 g ISKIPES G UMAX =Yy "uXhEC=Y0 0y LAST=3,1Pr=25r .,
ISTH=1 [HUH=TS59JSTUY=3y J1un=4 ),

IDAY=150.,
LEND

N N N N NN




REL FT41vCCl

ReL FT42+0'1

ASH FI41FQULaMY /U243 Iy d50=
ASG FT42F301,1Y/7L 0243 J1lsUSE=
FXOQT APT=(Y 3L)sCPTLME=TILI 140
LINPUIT2
IVC=29ISXIP=( s LMAK=536 'nXRASC=1009LAST =3, IPE=25=
ISTH=1s [HDOH=TS59dSTH=E, JHNOH=40,

IDAY=1501,
LEND

REL =T417001

REL FT42F001

ASG FT41F0D1,%Y /03263 ,2,957=S5 1"

ASG FTA2FQ01 MY /L2243 29S2=8 1"

FD FTL1IFO01,2AM0=4/7207/2

FXQT OPT=CY 9 Z)sCPTLlHE=T0000 50U=L 1AD2y 2000t =244
SINPUTZ
IYC=3ISKIP=0,LAK=33 (AXRIC=10 " yLAST =3, 1072267 oy
ISTH=L,1450U=T75,35TH=3, 1idn=43,

IDAY=150173,

&8N

/ REL Fl4lbell

7 REL FT42K 0 L

7 CAT  MY/ZERQASS,ACHI=FT 10

7 &0

g
o

n
r
=L 4722

NN NN .
AL U

A T T S B )

This is the main program of the two-layer energetics package. The
output of the preprocessor should be examined by the user to determine
the time interval for the averaging process. For this case the first five
records on the first file are skipped and the averaging period covers

100 records. See program listing for meanings of input parameters.

10




N NN TN TYTN YN Y NN YT R YN YN YN .

MN N M NN MM MY NN M NTNTNYN MM YMNNSNNN NN .

SEO LT alL1 e IPT=(L D4R ,C.

i
3

TYf=Trp
TYn=Tp0¢

Typ=Ttor
TYp=Tr0¢

E\g,L:\!L.

»y 3882 =407

(iv)
Je Lrﬂcbﬁ“oJSV’T\Fﬁ) 11X 4
LIMIT uALD=559M 0=y
PD *Y,USERC&T/“77/._“ Llas
ASG Fl,"Y/U2C2250545US =5
ASG F244Y/L20522F05,US =547
ASG F3,1Y/7U(243%51,5US =50+
ASH F4aaMY/ZLU0Z43F01,U0S =540
ASG FSMYZUT243F 12935 =5 4%
QS5 FH MY /L3243702,4,U8 =54
HFRA FILE
CATY MY /U2022€525 A0 14=713)
CATV MY/ZL2C22587545 000 fh A
CATV MY /U2243F 02 yA0NH= 20T YP=TAPL
CATV MY /ZLT243F01, 0 M=H4,)
CATY MY/ZUU243E724 00N =50
CATY MY/ZLQ2453%7 25 AL = 5,y)TYP=TLOT
MEPR -
£ad
JOL LINGOIaTAPEZDS T X0 4
LIMIT 3A0N=420 447 =
PD MYS,USECQCAT/DITT/25/0tiNs
FD FY1,300D=40/T70/75,F3.0=P5
D F29BALD=40/T/5 15 =05
FN F3,0AND=4Y/T075,47 ) 0=PS
FD P4yl AND=4LITO/S,FI206=P5
EN S5,58AND=LN/TN)S 4= 30 0=DS
2] ;69J\\J 47 /7’/5"3 5=PS
MFR FIL=9UT

ASG
ASG
ASG
ASGH
ASG
ASG
MFoz
CATY
CATY
CATY
CATY
CATvY
CAaTy
EDJ

Fl,%Y/UZDZ’F”S,USi=5i“
F2yAYJL2022%55,405 =5

E3,MY/7UC243721,495 ‘bi(
FayY/LC243F 21,057 =547
F544Y/UL263=52,U05! =5IIR
FOa Y /LL243772,u5 . 250R

YEIU2C 22559 0=
MYZL2D22FI &4 AC =y
MYZU0245%0 Lean1=F
SYZLU24355 1y A0 =04
MYZUN243F02 3 \0UNERY
MYZLO24357 2 LN =1

11

’

s JAS2=4L 20400 "
s RS L=40 T
s IRS =40 07

Y~
g 28O T, Ly

Switching of Storage Device for Data Files

s "PT=(0yD

,RFLv
,RCF

II l) H

9 3XS.L=4C00,P0F =y 5

o)

T=1




These two programs switch the storage device for the data files.
To avoid high disk changes, it is advisable to move data from disk to
tape, and then before another execution of the energetics program,
move them back to disk. Note that the outputs of the preprocessor

reside on disk, they should not be left on the disk overnight.

12




(v) Program Modification

JI3 L1NeG™MMgSOUPIAT 4 T7 45 USSR TLE B GUFR IR S AR BB
LIMIT s4sa=8 g lns=t

PD NY3ISTRCAT/Z0TT/ 87707 Wbl
ASH S3pYr/SCARPLES S =8
ASH T3 Y/SCORTLRYSYY =50
CIfF-

£ CM2Y Si,52

L CMPY ",

2€ MEGE S T Imp,uplLy

{ StL=CTr Sunag

=-2514926%

=284

™ N W NN W™

ReA(C7T™) N

IFCLPEC3) oS 3e 7D LWLL PU7TH0 0,7 (U0 Pt )Tyl

K=anC17)
[FCIPECT)
PL,ICT35)
LIACLE2 T012) e  we L) LfLL MU TU(s Ly (Re Sy =100 Y%
READCTS) !
IFCIPFCIT)e  we ) Lol PLYTH(RY {2 90s P=1127 )%y
RedNC7r) 22
1"(1“:_(21)0"_"40 D

J FTN SIVARS= Ayt VumeT=0ds%y av e )yl

/7 FD FTIAE=0G1g 30 N=2/1070

/7 CIFER CADDAC: =3 ,4SvL=_¢

<L SOLTT TL2,S5°

< SPLIT SYSe™MNy 0.

<< PPINT S?

7 CATV ¥ /7SCIR2LRS 480N,

/ CATY MY/SCIRZULP IS L

/7 £9J

b ® )

re o

User may make permanent changes to the package by executing this
program. The changes should be bracketed by << MERGE and /FTN.

13
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ITI. TRREGULAR GEOMETRY CAPABILITY

The hydrodynamical ocean models developed at NORDA were originally
designed for rectangular basins, because of the ease in applying the fast
Helmholtz solver for regular geometries and the simplicity in coding the
computer programs. Most dynamic feacures of ocean circulation can be
investigated with these "square oceans" and, indeed, the computation
cost is relatively tTow because of the fast solver and the high degree of
vectorization. However, as ocean modeling outgrows its infant state,

a realistic coastline necessarily becomes a major factor in defining the
domain of the flow field.

Historically, the successive over relaxation method (SOR) is used
to solve the Poisson (or Helmholtz) equation in a basin of realistic
shape. This technique is time consuming (especially when a large number
of grid points is concerned) its accuracy is not quite desirable, and the
procedure is usually difficult to vectorize. In order to extend the
modeling capability at NORDA, JAYCOR proposed to implement the vectorized
irregular geometry Helmholtz solver to NORDA's existing hydro-models.

The technique, the so-called capacity matrix method, was developed by
Dr. D. R. Moore of Cambridge University. It has been successfully used
in Dr. H. E. Hurlburt's free surface ocean models in the study of the
Gulf of Mexico.

The implementation is done in the following way. For each model
we have two packages of routines instead of just one as in the square
basin version. The first package is almost the same as its predecessor

except one parameter NREG is added to the input NAMELIST; it controls
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the basin geometry. If NREG equals zero, the model is run just as it
would with the regular geometry version. If NREG is not zero, it stands
for the number of land blocks added to an otherwise rectangular basin,
e.g. NREG=3 means 3 land blocks are present in the basin. When NREG is
not equal to zero, a number of subroutines are called by the model
program to activate the irregular geometry solver. These routines reside
in the second package, usually named with abbreviations of Land and Sea
such as "(QGLNDSGS".

The present irreqgular Helmholtz solver can handle land blacks of
arbitrary size (rectangular though), at arbitrary location as long as they
don't share a common boundary with each other. Once the basin geometry
is decided, one can modify the subroutine "IRGBDY" in the second package
to define the basin shape and change the parameter IBP (for number of
interior boundary points) in other routines of the same package. The
first package need not be changed except for parameters which determine
the number of grid points (i.e. ISF and JSF). Following is a detailed

description of the usage of four hydro models.
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A. Quasi-Geostrophic One-Layer Model

(i) Run Main Program

I Llla™OLe JhLYIRUY 27X 450 oL T (il 1y ?PT=(lyNy )yT T=1
LIvILT LA )TH Ty

PO Y3 )G ACAT/ZITT, .5 2Ll

AST Ll USKERCATZODTITZLY JL -, ,0=5"

AST "l /7 5 Te t95US =50

ASH M2 gMY/ANSLYRT SNl =yt

ASG 93,0 /7000 IST U0y =802

L L IR T=CigY s \9Syr g ¢9XK)

LIVRARY 1

TNCLUY)E AL

LIARARY 13

LIARARY -

LIvoR& Y L]

7 FACGT “PT=(¥,32)ylPTiM=3.," ;.

LIND Y

XL=100: o g YL=10T0 509N =044, ag =37 g T 1T=00 v 30721443735, =letit=-11y
TNIT =" g0l =l 4y =02,  s= y 19T ahey P T2 gL 024R 3 774.X=350,,
MAKE JIL=2 4 0LA=0a5, Foaly tlzeioy

G=Oo)2’:}p:-'oj'_"

N b=y

HENL =],

LEEND

7 £

N NN N NY NN NN

“QGL1TEMO" is the updated version of Lin's QG one-layer model.
A parameter NREG is added to the input namelist; it controls the basin
geometry. “QGLNDSEQ" contains routines bridging the irreqular geometry
capability to the Helmholtz solver for regular geometry ("DANSLVRO").

See listing for meanings of input parameters.
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(ii) Update Irregular Geometry Subroutines

JO3 LLIeMILeUNBIRREG g T G48A gL THL_ 1P T=(lLy 0y 2)snT ="
LIMIT san)=s. 4MLli=s
PO MAYZUSERUCAT/ZNTT LSS /L s ]
ASG S1,%Y/7006L"IDSLES S =S4
ASG I1 4, MY/ZAGLNISET,US =S4
CIFEER
<< €/PY S51,5¢
2¢ COPY 31,92
€ MERGE SC2aTEAM,UPD T
2 SELECT EVKLND
-13,13
CONYMAN/PERLY TuDx,du)Y 9?2 Rl e’
=50473
=T4474
ELT20 LNHTAUA (aygl 93 9CSTZTY 10 )
REAL=R 2Dy
~32485
6° 20U=IDy+41CI440)
IDYN=INY 4 RS T
IFCICTY J50e T) 27T Ul
SIV 1 aA==200" /R
DY T4 J=1eJ™
DY 7¢ I=1.7
70 XCIpJdd)=X(CLydd)4+510L 4
ZERI=L .
CALL LANICYL (Xalayltiy JteylFRr)
< SELECT IKGNY

NN N M N ™

-1
PARANZTER 1SF=514 15F=6)

-4
CIPAHMNIDPEL T I0dX ooV g2kl

"10'1()
NaTA IB3/0glelsedys

-11,11
PLR=(CIIICL)=2)+CS7=2)4CIST=2)# (TS =1 2 (1)-1)+
1 CIMAQLD)=2)4(usSE=-0"I(l)=1D)<l 542,
AREASCIMICLY=2)x( TSF=2D4+(I5F=1 'ANCLD)=1)=«(JSF=JIC1))+PT1

C PLCX A PILNT In [oc T2 LAM)=SIw 2w UMDAARY
[89X=ISF~1
J3DY=S5F

< SELECT LAnnNC

-4
1 s 1M (e, NED)

-14

"
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s OFTH FTVERSSUYFTHIPT=C,%s s Y ¥y 3Dy i%=TE

DY 20 I=1"Q%sy1: %X
2" HOI,d)=valls
RET RN
J CIFLy
£€ SPLIT TEMI,52
€< SPLIT SYSMtM),y 52
<< PELNT S&

7 CATY MEZunL i2S5SeA0i'=S.
7 CATY “Y/oGLYNISTMy ALt =
/7 ER)

geometry routines.

geometry.

ENTRY LANNCY Cma' Ay oy iY oV LD )

D% 20 K=laW20 G
I21N=041(K)
IFCIndC4ay¥)
MAX=THACK)
I.“(l‘d(}(Z.K)
JRIN=INI)
IFCILAC394) Nl
JAAX=J" A0
IrCIur(lyx)

e il e

e lle

0':L.

DY 20 J=34L%y Jivnr

MEBSNES TR DA GO X D
TAWKk=T10(R)-1
JHIN=g1T(X)+ 1

NETEVENRERE S L

R

The file "QGLNDSGS" (QG-LAND-SEA-SOURCE) contains the irregular

User should modify this file to suit his basin

Subroutine "IRGBDY" is the one describing the basin shape.

The above is for permanent changes of the file.

be bracketed by << MERGE and /FTN.
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(iii) Update QG One-layer Model

JTY LLiigLTXCAnX gl b Ly 0T =L,y 0,5 ),0071 0
LIMIT ddﬁ)=5i,11~=4

PO MY USERCAT/DTTI/ 5070
ASG Sly“Y/Z05LLXTL 1S,US. =
ASG Y1 ,MY/Z7Q0LITEND,ZUS =
CIFER

<< CRoY S1,S0

< CAPY T1,92

<K MERGE Sy yTEUP,UYPDLT:

{ SELECT CiLCu

-13,13

COMMOGHE/ZPERLY 18DA,9:702Y

-

e T

-85
LDUYY=34000
IFCHAEDG sUTe L) LY T 424
D0 421 J=2,4J05F%
D3 421 I=2,71S5F"

421 ZAU=20U"+S(Igdet)
[250=(IS7=2)+0JSr-2)¢1
ZO0UH=LOU Y [PER+S( Lyl yil)
SLIHMA==ZOVAPLLLS =20+ )5SV =2)+IP22)
N 422 J=1,JS5F
DY 422 [=1,15"

422 SCIgdpN1)=SCIlgdysdeSInM
63 T3 424

423 I9nE=1
CALL INTLRA (SClyia 1)g IS ed3 s SCT Yy diDY i)Y IR, 195)

424 CYATINUEL

< SELECT 451y
-98191
REAL=9 0™
CAaMMINIPERLYL DAy Jd3DY
-184
I4D¥=1
Jior=17
-2374237
LA A=060"
~-2419242

16 PO REFAVIEE IS GEWE.

ZDUM=LPDUMNSCISF=2)+(JS==2)+".
=24542445

12E29=r

CALL INTuRA (PS5 935S ;720 yI2ER")
-2484249

RSu=1,/20U"
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-330433.
Lyyn=cel.
-3344345
689  Z094=22U"+S(Lgoyg)
Lo A2y ae (LISi=2)4(usr=)+1)2502 0y Y, )
-337433~

21 CALL INTORA CSCiyp sady 87y S5y SCI vy iy, (), 70 v, 1y

34434
2UN=ID e B,
P2TLT 65T 420U
363,343
7OETAN FIVERSEAY 31 TWT=C Sg<y g g g))yi =TE »
/ CIf=®
<< SOLIT TLun, s
¢< SOLIT SYS 3", 1
Z¢ PRINT .
/ CATY SY/ZLOLITE 'Synt =5
7 CATV SY/ZGGLITS ", nLy -
JAERK

This job is for permanent update of the QG one-layer model. All

changes should be bracketed between << MERGE and /FTN.
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B. Rigid-1id One-layer Model

(i} Run Main Program

JOS L1 IR S GLIMOE Sy 17X 450 oL T v lely3PT=(ly Ty )plnh™="
LI”IT 5A0=504410=1"

PD AYZUSERCAT/INTITILS /LWL L

ASS WLI S USERCAT/ZOTIT /LS. /713,050 =S 1.
ASG FLa"MY/RGLLNE IS =54

ASG G2y MY /U NSLYRY yJoe =5

ASG I3, 9Y/LANDSESLT,HS =540

L MK L‘\K\'U’Tz(--yY,:‘.,S,‘i,)9!’.)

LI3RA2y 11

INCLYDE 4l

LIZRARY i3

LIBRAZY 72

LIARAZY HLI®

7 FXQT 92 T=(Y43.)sCP T =y,

LINPIT

NN NN NN NN

XL=1u00 a9 YL=1C00" 0y YIZ120 eI =30 e \=10 ) 4y il=le 2371240 4y
FI=laNo=T4y 12247 =2113 T 3T21 gt cm vb s 3= y L am g T g B2 T2 ., T LT 2= 36,
T‘\AX=1.,".AXtJL=~,m_»«‘= e 5y TST W T==14,

DT=14400 ¢ s THAX=Z360 4™ 7Ur=5"0y ct'LT 22547,

ATIT=507 &

NREr):l,

NREG=D,

&eHin

7 e

"RGLINEWS" is the updated version of Lin's Rigid-1id one-layer
model. A parameter NREG is added to the input NAMELIST; it controls
the basin geometry. "LANDSEAS" contains routines bridging the irregular
geometry capability to the Helmholtz solver for regular geometry

("DANSLVRO"). See program listing for meanings of input parameters.
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(ii) Update Rigid-1lid One-layer Model

. JOB LIN,17X045X0,LIN$L1,0PT=(C,D,R),GAT=0D

7 LIMIT 8AND=60 M1 =Y

7 PO MYZUSERCAT/O77/:5u/Li.sLi
7 ASG S1,MY/ZROL1IMEWS,US =50

J ASG J1,,MY/ZRGLINEWS,US =512

/ CLFER

<< COPY S1,S¢
£ CHOY 01,02
£ MERAGE S2TENPL,UPJATE
< SELECT CaLcu
-547
-11412
CHRMIULINREGS R_EG
=15415
1 DX2, I8, TEDX,TRDY
-43
Wl=lJe
~70,7,
-76483
450 CatL SAvLuancN:l
‘94’95
~126,126
503 CALL LANDSC (Togticey=dX2e0Y0)
< SELECT 141
~94,97
-101,171
-106
COARIMNIAGCZAA S5l D
-123,123
1 DYX24I33TRIY24TR (¢
-177
TROXZ2=24200X2
TRA0Y2=2,%R0YC
-225422°
IFCHNRES oHTe L) S Ll EY4LI))

/ FTH FTVERS=NXyFT APT=CU, iy t9Y 97y ))sl I=TED

/ CIFEx

<K SPLIT TeMpP,52

L€ SPLIT SYSd473), 42

<< PRIMT S¢

7 CATY MY/ROLINEWSyaCln=>2
/ CATY MY/RGLLINEUd Iy ACN =,
/ ETFJ

This job is for permanent update of the rigid-1id one-layer model.

changes should be bracketed between <<MERGE and /FIN.

22

M




(i11) Update Irregular Geometry Subroutines

JU3 LINgITXCASXL L
LIMIT BANN=50,41%=
PN YSUSELRCAT/DTT/
ASG S1yMY/ZLANDSEAS
ASH Gl 4YZLANNSERT
/ CIFEF
€< CIPY S1,S2
¢ CAHPY U1,
<< MEAGE S1,TE4P,UPD
< SELECT IRSsDY
10410

DATA I33/Us1,2
J FT%N FIVERS=NX,FTHT
/ CI=E?
& SPLIT TEMP,S?
€< SPLIT SYS.OM9),00
<< PRINT S2
/ CATV MY/LANWOSEAS,A

. N N NN

7 CATY M“Y/ZLANDSEAT ALN "=

/7 £7)

The file "LANDSEAS"

1i Ll pIPT=(l N pR) 0T =1

‘I

A5 /00 bl L
S =S
sUS =S50
ATL

4

PYI=CUsngtyY gV ))y[H=TENL

o TR L ]
[V g
.

contains the irregular geometry subroutines.

User should update this file to suit his basin geometry. Subroutine

"IRGBDY" 1is the one describing the basin shape. The above job is for

permanent changes of the file, all changes should be bracketed between

<<MERGE and /FTN.
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C. Quasi-Geostrophic Two-Layer Model

(1) Run Main Program

JIB LINGMDLGGOL2HERTI TN YG5X L 10102, T7=(LyNyR),CAT=1
LIMIT CALY=SGaMIN=S

PD MY,L,USERCAT/DTT /50,0480

ASG 01 ,MY/ZQGL2MNENDHUS =512

ASG T2y /2L MISET S =S

ASG O34MY/DANSLVRA ST =S

ASG MLI“gUSERCAT/DTT/L5c /LTI 4USE=51,
J OLNY LNKOPT=C0,9Ys AySeFyigh)

LI4YRARY U1

INCLUDE A1

LI3RARY 2

LIBRARY &3

LI3RARY LI

7 FXQT APT=(Y9Z)eCPT1lnt=uwinul)

&INPUT

M N M NN Y Y N

XL=100"]0’YL=1'\""’.";-’ IT=144 i o9 Y1 =50 ey W= j‘l".,ripzi.(.\Z’}!TqT:43':“‘.’
FZ=Te43E-0590=1eB08=11,1 T2, o52=34y 300y L =7 349 )T=5 32290 T=50,,I50L0" =447,
T“AK=36~).,‘1:’;X:'JL=2,AL:\ 5‘;.'4‘,:.5637.”751"‘«;{:'ol

TNOT=1 4T C=1b gt )2 =8y ey P="e 35,

TSTAKT=‘1.,T-‘:'|X:6J.,‘1.“‘. 3
PRIUT=3. o

NReG=1 y

SEND
/ €44

. |

"QGL2NEWO" is the updated version of Lin's QG two-layer model. A
parameter NREG is added to the input namelist; it controls the basins
geometry. "QZLNDSGS" contains routines bridging the irregular geometry
to the Helmholtz solver for regular geometry. See listing for meanings

of input parameters.

24




(ii} Update Model Program

LIMIT oA=5" gule="

CIFcx

ASG S1aMY/ZQ6GL2NENS ST
ASG S1,MY/ZQ0L2ME YTy,
CIFE"

<< CN2Y §1,82

<< COPY 01,92

€< MERNGE S1,TEAD,YPDnT

™MW NN

MNe @ o @

/ CIFER

<< SPLIT Ti4P,S2

<< SPLIT SYS.aumde0l
<< PRINT S2

7 CATY Y/ 0L 20595yl 250

7 CATV AY/ HL2MEU, ALY o=
/ EDJ

PD MYZUSCRCAT/DTT/:5u/L 1 HL00

=54
=812

JP L1 e MDLUGL2NTAS Y TA .68

s ] \1;.1;"}’1:((;)'_), W), AT=t

I FTN FIVERSSHA9ETHIPT=(g %y "9 Y a9}y i=TE "

This job is for permanent update of the QG two-layer program.

A11 changes should be bracketed by <<MERGE and /FTN.
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(iii) Update Irregular Geometry Subroutines

JIL LINeMDLGIGL2LDSY 3 72 45K gL N LI 9P T=(C,y0y0),00 T2
LIVIT gdAND=5C 41 =y

PD MY,USERCAT/DT7/L50 L1 (oLl

ASG S1yMYZUGLNDSIS,US: =55+

ASG O14MY/ZQGLNDSEM, 08 =840

CIFER

€< COPY S1,S52

<< CIPY Y1402

K< MERGE S1yTEMY,UPNALT:

N N m NN

7 FTN FIVEKS=NASFTAIPT=(U i)Yy Y eV gd)ylizTun
/ CIf:z2

<K SPLIT Th44,52

<K SPLIT SYSenuupn, "2

<< PRAINT S2

7 CAT MY /Q2LNDSES AL =50
/7 CAT ¥ /7.2L)SEa, L =
/7 B3

'

This job updates permanently the land sea package for a particular

basin shape. Replace dots with your changes.
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D. Rigid-1id Two-Layer Model

(i) Run Main Program

JOB LI MOLROLLicWD g LT XL AR yLINTL Ly T=(lyD,2),%%1 =0
LIMIT 8AND=539410=1"

PO MYLZUSEQCAT/ZOTT/550/7LL i5L]

ASG OLsMY/ROGL2UEWS yUSE =S,

ASH 024MYZ22LN0S553,9> =547
ASG T394Y/DANSLY2T 4058 =5,7
ASG MLIVHUSERCAT/BTT LS/
ASH S1 MY /ZR2LHDSES,US =5
CIFEF

€€ MERGE SieTEPSUPNATL

£ SELECT IxGADY

~-742

1
/
i

IiusTESy

N R M N Y MY NS

NATA J21/7Y/
DATA JI4%AZLSY/
—10,10
DATA I35 /1s) 0497
7 FTN FIVEPLS=EXsFT 4RI =C(Jyy t9Yslyl),yltisterv
7 LMY LNXO2T=( i9Ygly09 9. s
LI3RARY 732
INCLUDE KALY
LI3RARY ™.
LIaRARY 03
LI3PARY MLI
7 FXIT YPT=(Y4Z2)yCPTiME=9. 2]

EINPUT
XL=1_" ‘-YL.':lO‘:"o’ ‘)T=1Q.‘-’.gi'.')l'—‘-S_'f.,‘\: 3")_:.’I,P:fj‘:2"-]‘.Yﬂ‘l':[’"(‘:].,
FL=Ta43 =75, =1aB8E=01 T i9T=,a55=24y5 00,1238 TJT=04yPRIMT=9%4, TEULER=4TT,
TAAX=36 o "AXEUL=2,ALu =14 ") TSTaT=n,,

- ./4,

OT=12C . astiJ2 =l e o= 535,77 =107
TMAX=3 . o g TSTANT ==l tl 2=l yPI0T =104,
TUAX=61: o gPRIYT =37 0y
A=103to’
GEND

/7 ENY

This job run is a rigid-1id, two-layer model with a flat bottom
and closed basin. "RGL2NEWO" contains the main calculation. "R2LNDSEQ"

contains land-sea information.
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(ii) Update Irregular Geometry Subroutines

JOB LINMOLR2GL2UPDT g 17X 65X 4LV av_1,M"T=(0,09%)yNAT=1
LIMIT 8ANI=5uyML1=5

PD MY USERCAT/ZOTT/ESL /LY
ASG S1aMY/R2LNDSES,yHS~-=5:1
ASSH 01 gMY/R2LMDSET,US: =54
CIFgR

<< CPY 51,S°2

<< CAPY J1,M.

<< MERJE S24TEN,UPDLTL

Ll

N N N N AN

J FTN FIVERSENX yFTHUAPT=( U % g My ¥ g9 )Yy i=Tibn
/ CIFER

<< SPLIT TEuD,S52

2¢ SPLIT SYS.1110,02

<< PRINT S&

7 CATV 4Y/R2LNDSESSACH “=5.

7 OCATV MY /R2LHOSEYpAL o= s

7 £0)

This job is for permanent update of the land sea package.

Changes are inserted at the dots.
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(iii) Update Model Program

JA3 LINemILeRGLZUT )T 91T 265X ol Vil 19T =(ly9ly-)yl V=1
LIMIT 8aqnN=6574uTy=

PD MYSZUSERCAT/ZDTT /05 /70L10 3L}

ASG S1 MY ZRIL2NE WSy =S

ASG 01, MYZROLZUAEW TS =51

CIFLR CANOME"=32K 4S80 =12

{< CIPY S1,52

< CADY M1,92

€€ MERGE SZH,TEMP,,U2DAT .

NN NN NN

*

/I FTN FTIVEBRS=NASFTHAPT=( ey 1gv oV ))ylii=ltry
7 CIFEFR CADDNE i=37Ko5EL=}1

£ SPLIT T&MmP,52

{< SPLIT SYSQ""‘:"[)’J:_
{ PRINT SC

J CATY KY/ROLZNEAS AL =57
J CATY RY/ZRGL2IEWT g Y

/ €3

- ¢

This is for permanent update of the main calculation program.

The changes should replace the dots.

29




IV. SEAMOUNT

A joint study is presently being conducted with Dr. Andrew Vastano
of Texas A&M Unijversity on flow effects near a seamount. Dr. Vastano
has gathered data from drogues released in the western North Pacific
Ocean. The drogues passed through the Emperor Seamount chain located at
approximately 40°N, 170°E. The path of the drogues was dramatically
altered in the vincinity of the seamounts (see Fig. 1). Using models
presently available at Code 322, NORDA, the dynamic effects of flow
around a seamount are being investigated.

The first model chosen for use in this study was the barotropic
model. This model demonstrates the effect of the external mode. The
model is designed to have a steady prescribed inflow along the entire
western boundary and an open eastern boundary with conservation of
mass transport strictly enforced. Numerous experiments were made using
10 km grid spacing in x and y, a coefficient of eddy viscosity of 3x10°
dynes/cm? and an inflow velocity of 10 cm/sec. When the model was run
with no topography, solutions were steady out to 90 days. However,
when a small magnitude seamount was introduced, a disturbance appeared
on the upstream side of the seamount. Tests showed that the steepness
of the seamount was not the cause of the instability. The disturbance
disappeared when a westward flow was used or when beta was set equal to
zero. The western boundary condition does not allow the "Rossby Wave"
out of that boundary and the solutions degenerate (Fig. 2).

A number of methods were tried to alleviate this problem at the

western boundary. It was finally decided to use viscous damping at the
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boundary of the form CD V where CD is a drag coefficient of 5x107°. This
boundary damping was also used at the outflow boundary to avoid any
instability on outflow. Figure 3 shows that the solution using the
boundary damping ran to at least 200 days without the instabilities of the
previous cases.

After testing the effects of the location of the seamount in a
basin the size of that in Fig. 3, and a test with a topography like
that of the Emperor Seamount, a two-layer model will be used and drifter

tracks will be made from those solutions to compare with the real data.
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FIGURE 2a

"X" Marks the Center of the Seamount in all 4 Figures
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FIGURE 3a

"X" Marks the Center of the Seamount

37




1920

(KM}

FREE SURFACE OEVIATIGN
DH= 0.10 M DAY= 200

...........................
. —— PR et i A £ 2L S e T
.....................

FIGURE 3b

"X" Marks the Center of the Seamount
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