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20. (continued)

The model described is written in FORTRAN IV for CDC compu-
ters. The model is divided into three phases linked by a single
intermediate tape. Phase I, which initializes the intermediate
tape by writing on it the computed symbolic water height field,
the water depth fields at U and V points, and the time 0 water
height and velocity fields, is run on EPRF's ( C 3100 computer,
Phase II, which computes time and space dependent terms, is run
on either the CDC 6500 or the CDC 7600. Phase III is used to
analyze, display and compare printed and plotted model results.
It also runs on EPRF's CDC 3100 computer and produces plots on a
CALCOMP pen plotter.

The optimized code has been designed to be independent of
grid size and land-sea configuration so long as the maximum number
of elements in the grid used does not exceed the assigned core.
The model allows computation of currents in one to three uniform
layers of different density water but limits diffusion processes
to the surface layer.

The optimized model tests have shown approximately a 50%
reduction in CDC 7600 run times, an improvement of the Berkeley
ITO: CPU ratio from 1.1 to .5:1, a 10% reduction in small core
and a 70% reduction in large core usage.
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I PROGRAM LAYER3S

Master Control Card Log1c

Reading Land-Sea Tables

Edits . ..

Punching New Decks .o

Computing the HTZ Field . . . . . . .
Printing Combined HTZ, HTU, HTV Field
and Error Testing . . . . . . . . . .
Grid Print of HTZ, HTU, and HTV Field
Writing an Intermediate Tape .
Utility Routine XMIT

IT PROGRAM LAYER3

Master Control Card Process1ng
Reading the Intermediate File
Limit Arrays .
Initialization .

Computing Tidal Layer Th1ckness
Time Loop Processing .
Calculation of New Z

Tide Input

Source Flows

Wind Input .

Calculation of New Layer Th1ckness
Calculation of New U .
Computation of New V

FLOW Addition . .

Qutput to Intermed1ate F1]e
Diffusion Calculations

Printed Output

II'l PROGRAM LAYER3F

Master Control Card Logic

Phase III Control Card Process1ng
Reading the Intermediate Files and
Processing Horizontal Fields
Processing Vertical Sections and
Time Series .



INTRODUCTION

This report describes an optimized multi-Tayer hydro-
dynamic-numerical (HN) model. The numerical analysis technique
used to express the hydrodynamic equations in finite difference
form was developed by Professor Walter Hansen, University of
Hamburg, Germany and has been tested over the course of two
decades. Extensions of the HN model to two and three Tayers
at Environmental Prediction Research Facility (EPRF) have
been previously reported (see references 1 through 5) and have
been tested by operational use in the New York Bight and in
the southern California area.

The optimized multi-Tayer HN model, unlike earlier models
reported, is based on a completely new program design developed
to minimize both large computer costs and the number cf program
changes required to run different areas. This has been
accomplished by dividing the functions in earlier models into
three separate programs, only one of which requires a Targe
computer, and by using coding techniques that are botl more
efficient and more genera ized than those previously employed.

In the optimized model design, the Phase I progrem is run
on EPRF's CDC 3100 computer. This program provides an edit of
the master control card deck used by the Phase II program and
initializes the intermediate tape. The program reads the
water depth at U and V pc nts, computes the symbolic water
height, HTZ, and provides depth unit conversion and edit
facilities to change segments or elements in the fields. It
also contains logic to convert old and new format depth tables,
to punch corrected depth ables and to extract a port-on of
the grid.

The Phase Il program is run on a large computer, either
a CDC 6500 or 7600. It contains optimized computation for
currents, water heights, and the advection and diffus-on of
pollutants. Selected current and water heights are szored on
the intermediate tape.






The program computes rest currents and can be modified
to compute other auxiliary parameters such as ship drift
which are based on the currents and wind but do not influence
the HN model results.

Use of the Phase II program has reduced processing costs
on the large computer by approximately one-half as compared
with an older version of the program. Additional reductions
in large computer costs are anticipated because changes in
auxiliary computation will not require complete reruns of
Phase I1.
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;] - surface elevation

- deviation of MLD (Mixed Layer Depth) from its mean
(initially prescribed) depth

z, - deviation of second and third layer interface from
3 its mean (initially prescribed) depth

Ul, VI - u,v components in first layer

u2, v2 - u,v components in second layer

U3, V3 - u,v components in third layer

r - friction coefficient (internal friction)
f - Coriolis parameter

ry - bottom friction coefficient

g - acceleration of gravity

H - depth

P12PpsP3 - densities of the respective layers

K(x), K(y) - external forces

There are three inter-dependent continuity equations, one
for each layer. These compute the change of sea level, the
change of depth, and the thickness of the layers.

The equations of motion for each layer are vertically
integrated through the given layer. The lower layers are driven
by internal friction and by pressure gradients.

1.2 COMPUTATIONAL GRID

The finite difference technique described in the following
section is based on a staggered geographic grid shown in Figure
1-1. The Z grid points (intersection) identify the geographic
position where water heights and resultant velocity vectors are









1.3 FINITE DIFFERENCE FORM OF BASIC EQUATIONS

The finite difference forms used for computations are
essentially the same as in W. Hansen's single layer model,
except for the additional terms dictated by the presence of
several Tlayers:

t+t _ =t-1 t-1 t t-1
S(num,1) T Sinum,1) T Mugn,m, 1) Yty T Mutn,me,1)
t t-t t t-1
U(n,m—],]) *H vin-1,m,1) V(n-],m,]) - H vin.m,1)
t t t-1
Y(n.m,1)t - Ty (n m,2) Y(n,m,2) - Hu(n,m-l,Z)
t t-1 t t-1
U(n:m']sz) ¥ HV(n-],m,Z) V(n']smaZ) B Hv(n,m,Q)
t t-1 t t-1
V(n,m,2)} - ¢ H u(n,m,3) U(n,m,3) - Hu(n,m—1,3)
t t-1 t t-t
Yin,m-1.3) Y Mvm-1,m,3) Yin-1,m,3) ~ M(n,m,3)
vE i
(n,m,3) (10)

t+1 _ =t-= T t-1 t _ t-t
“tnym,2) - %(n,m,2) T % {Hu(n.m,Z) U(n,m,2) Hu(n.m-1,2)

U%n no1.2) * e 1,m,2) V%n—],m,Z)" Ht(; m,2)
V?n,m,Z)} ALY (n m,3) U1(;n,m,3) - Hﬁzg,m-l,3)
U%n,m-1,3) ¥ th;-l,m,3) V%n-],m,B) - thg,m,B)
vfn n.3)) (11)



t+T t

- t-t |
_C(n,m,3) = (n m 3)

! Hy u(n,m-1,3)

t
u(n m,3) (n,m,3) -H

t t-1 t t T
Uln,m-1,3) * Wo(n-1,m,3)  Y(n-1.m,3) = "v(n,m,3)

t

V(n,m,3) ? (12)
t+2 _ > z
U(n,;,l) = - [ZTF/Hu(n m, I)] yb(n m 1) *Vin,m,1) }
ot t+ t+
U(n,m,]) t 2tf v(n m,1) ~ _g { C(nTm+1 1) ~ C(nTm 1)
+ ZTX%:Tm) (]3)
t+2 | 4T ; 7T AT >
U(:,;,Z) = O-[2t/Hy(n,m,2)] ‘/U(n,m,Z) *Vin,m,2) !
t t+T
(n, ,2) + 27t v(n m,2) T [ (n m+1,1)
t+ g t+1
C(nTm ])]} - {[1"'—] [C(n m+]’2) -
Tinin.2) D (14)
t+2 - t+t t *t 2
U(:,;J) - {1'[2Trb/HU(n,m,3)] (n m, 3) *Vin,m,3) !

nt *t _1g P2 ot
Onm,3) * 27F Vinum,3) - T Gy Lo(numen 2)

[0}
a2 - P00 gy,

“S(n,m,2) 2 (n,m+1,3)
t
-2 (nm,3) 1) (15)



V?ZZ; 1) ° {]'EZTr/HSZ;,m,l)] /%?n,m,1)2 ¥ U?ﬁ,m,1)z}vt(
-2 Tf“?ﬁ,m,n - {szfm,1) i C?ZL m,1)}
L1V (16)
Vinom.2) = U-Loe/mi 0 o) A )+ Uy )
LR TP AT SRS |
CF O G ) - ) ()
Vinam,3) = O-lermg/mits o T A L)% Omm3) i m,3)
2 U sy - 3G LT gy - i gD
R0 2 ) - T D (18)

- *
The computation of U and U is also done as in single-
layer model.*
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The computation of V and V* are analogous to the
corresponding U computations ab re. The actual depth (and
thickness of the layers) is computed with the following
equations:

t+T t+T

1
H u(n,m,1) - u(n m, 1) {C(n m,1) * S(n,m+1 1)

1 {ct+T t+t

(n,m,2) ¥ %(n,m+1,2)} (21)
t+r = l_ t+t t+t
Hy(num, 1) = v, 1) * 7 Binum,1) ¥ S(ne1,m,1)?
1 t+T t+T
-7 &(n,m.2) * L(n+1,m,2)} (22)
Hu(n,m,2) - hu(n,m,2) * 3 {c(n,m,z) * Cin,m+ 2)
1 t+t t+T

T2 {c(nsma3) * C(n m+1 3) (23)

—

t+1 — 1 ¢, t+T t+1
Hv(n,m,2) - hv(n,m,2) 3 {C(n,m,z) * C(n+1 m, 2)

1 t+1 t+T
-7 n,m,3) * Eine,m,3)! (24)
t+ 1 t+1
Hu(n,m,3) h u(n,m, 3) ¥ {5( ,m,3) T o(n,m+ 3) (25)
t+ . t+T t+T
Hv(nT,m,3) B hv(n m 3) {*(n,m,3) * S(n+1,m, 3) (26)

- 14 -



The following symbols were used in the finite difference
formulas above:

XY space coordinates

t time

u,v components of velocity

U,V indicators of u and v points (location)
in the grid

h initial depth (when z=0)

4 surface elevation (for second and third

layer it indicates the deviation of the
depth of the layer from its prescribed
mean value)

H total depth (H=h+g)
depths at u and v points respectively

(also actual thickness of the layer at
u and v points)

X,Y components of external forces

g acceleration of gravity

f Coriolis parameter

r inter 11 friction coefficient

ry bottom stress for lower layer

o coefficient of horizontal eddy viscosity

(also acts as a smoothing coefficient)

n,m coordinates of the grid point, 1, 2, and 3
indicate the first (surface), second and
third layer, respectively

T half time step

2 half grid length

P13Pps03 densities of first, second, and third
layer






2. OPERATING INSTRUCTIONS

2.0 GENERAL

This section describes the deck setups and card formats.
The variable names used are further identified in paragraph
4.3 and section 5.

The model is divided into three phases as illustrated in
Figure 2-1. A1l programs have the capability to read tae
entire master control card deck. This deck contains all
parameters required by the Phase II program except for the
fields located on the intermediate tape. The master contro]
cards that are required for Phases I and III are shown on
their deck setups. Unless specified in the deck setup, master
control cards may be in any order.

2.1 MASTER CONTROL CARD DE K SPECIFICATIONS

The cards described below are also shown on the master
control card layout form shown as Figure 2-2,

NAME Card Format (20A4)
1-4 NAME
5-80 Comments or titles (any number

of cards may be used to
identify the output)

GRID Card Format (A4,213,7E10.3)

1-4 GRID

5-7 NE Number of rows

8-10 ME Number of columns

11-20 DL Distance between grid points (cm)
21-30 ROTANG Counter-clockwise angles between

north and the +Y axis of the
computational grid (deg.

31-40 C Wind drag coefficient

41-50 TK Mid Tatitude of grid (deg)
51-60 R Bottom friction coefficient
61-70 AUS Austausch coefficient
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Figure 2-2. Master control card layout form.






23-29

30-36
37-43
44-50
51-56
57-62
63-68
69-74
75-77

78-70

WIND Card

1-4
5-7

8-10
11-13
14-16
17-20
21-30
31-40
41-50

51-60

LAYS Card

1-4

5-10
11-20
21-30
31-40

41-45
46-50
51-55
56-60
61-65
66-70

IWIND(1,J)

(

IWIND(2,9)

IWIND(3,9)
(

IWIND(4,J)

H1L
H2L
H3L

ALPHA
ALPH2
ALPH3
RHOT
RHO?2
RHO3

21

Tidal constituents 1 phase angle
(deg/hr)

Tidal constituents

PON—=PBWMN

Weight factor for second layer
tide heights

Weight factor for third layer
tide heights

Format (A4,413,4X4119

WIND (0<J<4)

Minimum row (N) index four wind
field

Maximum row (N) index for wind
field

Minimum column (M) index <or
wind field

Maximum column (M) index <or
wind field

Blank

Wind start time (sec)

Wind end time (sec)

Wind direction (degs true from
which wind blows)

Wind speed (m/sec) Note: This
is the only measurement in the
input given in meters rather
than cm.

Format (A4,6X,3F10.0,8F5.0)

LAYS
Blank
Maximum depth|]
of layer 21if zero the layer
3|is ignored in the

computations
Smoothing parameters for “ayer|]
2
3

Density for layer]|]
2
4

amplitude (cm)



SORC Card

—_ et N

~NA == O
OO WO

19-20
21-30
31-40
41-50

51-60

FLOW Card

1-4

5-40
41-50
51-60

COMP Card

1-4

5-10

MODEL

Format (A4,413,212,2110,4E10.3)

SORC (0<J<10)

Minimum row (N) index for source

Maximum row (N) index for source

Minimum column (M) for source

Maximum column (M) for source

Minimum level (LM) index for
source

Maximum level (LP) index for
source

Start time for source

End time for source

Concentration introduced per time
step

Volume of water introduced per
time step per level (cm3)

Format
(A4,413,212,2110,4E10.3)

FLOW (0<Jd<4)

Same as SORC card

Direction of flow (degrees true)
Velocity (cm/time step)

Format (A4,I16)

COMP This card is used to start
the computations in the LAYER3
program. It is the last card
read in the control card deck
by the program LAYER3.

Model number used in record
header on intermediate tape.

2.2 PHASE I OPERATING INSTRUCTIONS

The CDC 3700 ¢

2.2.1 Logical Units

ase I program is called LAYER3S.

1 Intermediate tape (required only if TAPE card is used)

556 output tape

2 Scratch Unit (required only if GRDZ or TAPE cards are

used) dic

- 22 -



2.2.2 Deck Set Up

;SEQUENCE,120,RAB,EPRF-0CEAN-CSI

JOB,LAYER3S,BAUER,5,NP,ND

O~

FET,LAYER3,BAUER,512,00,0000,0000

O~

RELEASE,ALL

O~

ALLOCATE,100,,S

O~

OPEN,02

O~

;EQUIP,01=MT

Binary decks for

LAYER3S I0UT
PRTMX I0OERR
XMIT GEOPOS
GRID TIDCUR

7
9RUN

----(MASTER CONTROL CARD DECK)----

NAME (as many as needed to identify run)

GRID (required)

TIME (must precede TIDE card when TIDE card is
present)

FACT (must precede TIDE cards if present)

TIDE (not more than MAXTIDE)

WIND (not more than MAXWIND)

LAYS (required)

SORC (not more than MAXSORC)

FLOW (not more than MAXFLOW)

COMP (required if TAPE card present)

- 23 -
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Figure 2-3. Phase I control card layout form.






GRDZ Card

1-4

SETZ Card

OLDP Card

1-4
5-16

NEWP Card

1-4

5-16

TAPE Card

1-4

Format (A4,6XI10)

GRDZ

Set HTZ and -1 values in HTU
and HTV field; test boundary
confiqguration

Blank

Flag to bypass boundary error
testing and combined symbolic
HTZ, HTU, and HTV printout
0 test and print
1 bypass test and printout

non

Same as SETU except no conversion
factor is used. Modify HTZ array

Format (A4,413)

OLDP  Punch old format HTZ, HTU,
and HTV cards

Same as SETU card, except if
left blank 1imits set to 1,
ME or NE as appropriate.

Format (A4,413)

NEWP Punch new format HTU and
HTV table

Same as OLDP card
Format (A,I6)

TAPE

1) Set HTZ, HTU and HTV values
less than 0 to O

2) Print HTZ, HTU and HTV

3) Write HTZ, HTU and HTV fields
on tape

4) Set 72, U, V fields to 2 for
all cells over water, -0 for
all cells over land. Write
on tape for layer 1

5) Repeat 4 for layer 2 and then
3 if H2L and H3L non zero

6) Write double EOF on tape

7) End program

- 27 -






*IDENT correction cards
*COMPILE,HNG,BARSTAR,UTIL

;

----MASTER CONTROL CARD DECK----

NAME (any number)

GRID (required)

TIME (required)

FACT (required if TIDE card present must precede
TIDE cards)

TIDE (not more than MAXTIDE)

WIND (not more than MAXWIND)

LAYS (required)

SORC (not more than MAXSORC)

FLOW (not more than MAXFLOW must not precede
GR D card)

COMP (required last card read by program)

6

;

u Priority

AATAY Computing unit limit

XX XX Update memory requirement (34000)

yYyyy Account number

22222 User name

aaaaa Program library tape file number

bbbbb Intermediate tape file number

2.4 PHASE III OPERATING INSTRUCTIONS

The CDC 3100 Phase III program is called LAYER3F. To
run the program all decks must be compiled and punched in
object form so that the MSOS overlay system can load the decks.

2.4.1 Logical Units

Units Use

1 Intermediate tape corresponding
to first COMP card

2 Intermediate tape corresponding
to second COMP card

3 Intermediate tape corresponding
to third COMP card

4 Scratch unit to store data for
cross-sections

5 Scratch unit to store data for

cross-sections
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JFET,LAYER36,BAUER,512,00,0000,0000

dRELEASE,ALL

§ALLOCATE,40,,S

§oPEN,06

§FET,LAYER37,BAUER,512,00,0000,0000

RELEASE ,ALL

§ALLOCATE,10,,5

80PEN, 07

JFET,LAYER3g,BAUER,512,00,0000,0000

SRELEASE ,ALL

§ALLOCATE,10,,S

d0PEN, 08

§EqQuIp,01=MT

5EQUIP’02=MT Used only if 2nd and 3rd inter-
mediate tapes are required

JEQUIP,03=MT

dEQUIP,10=MT

20 (Main card)

O~NO +



wo +

w o

WNNO +

wo +

WO~

Binary decks for LAYER3F
ARROW
INOUT
ATAN2
MZERO
PLOTEND
I0ERR
XMIT

20,01 (Overlay 1)
Binary decks for CNTRLCRD

20,02 | (Overlay 2)
Binary decks for HORZSEC
HORZPLT
PRTMAX
LANDBRY
20,01 (Segment 2.1)

Binary decks for ZUVFLD
MAKLAND

20,01 (Segment 2.2)
Bin ry deck for REST

20,03 (Overlay 3)
Binary decks for VERPROC
VERAXIS
DASHCRV

RUN
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gRELEASE,ALL

gFET,LAYER38,BAUER,512,00,C000,0000

gRELEASE,ALL

b4

2.4.3 LAYER3F Control Cards

HORZ Card Format (A4,413,411,4110,5A4)
Print or plot water height
fields. Must follow COMP cards
and precede VECT cards. Must
be accompanied by PROM card.

1-4 HORZ
5.7 ITIM (2,N) Min. row (N) dimension)
8-10 (3,N) Max. row (N) dimension
11-13 (4,N) Min column (M) dimensjon
14-16 (5,N) Max row (M) dimension
]If blank, dup icate values on previous card. For
the first card the previous values are 1,NE,1,ME.
NE and ME are defined on GRID card.
17 (6,N) Min level number2
21f blank, dup icate value on previous card. For
the first card, the previous value = 1.
18 (7,N) Max level number>
31f blank, set to min level number.
19 (8,N) Print control
0 = print
1 = bypass
20 (9,N) Plot control
0 = plot
1 = bypass
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6-10 GPPI Grid points/inch. If equal to
zero, no horizontal plots are

produced.
11-15 WHS Water height scale cm/in
16-20 VVsS Vector scale cm/sec/in
21-25 NTHPT Thinning parameter
Plot every Nth point
26-30 LAND Number of blank cells to leave

blank next to land
Land boundary flag

31 LEDGE 0 = plot land boundary
1 = bypass
32 Blank
33-80 First line of figure title.

Second line of horizontal
listing title

PLOS Card Format (4X,I1,3F5.0,215,211,12A4)
1-4 PLOS
5 Ive Composite flag
0 = plot composite

1

plot each level or model
on a separate plot

6-10 TMS Time scale for X axis in sec/in
11-15 TDS Tide scale for Y axis in cm/in
16-20 VES Velocity scale for water speed

vectors in cm/sec/in
21-30 Blank
31 ITY Type of special point plot desired
1 = Plot only tide heights
2 = Plot only water vectors,
starting points on the tide
curve
3 = Plot both of the above
4 = Plot current ellipse
5 = Plot vector sum diagram
32 ITD Offset vertical plot axes
0 = yes
1 = aligned axes
33-80 Label same as on PLOM card
GO Card Format (A4,31I)
1-4 GO
5 ISPACE Print control character

0 = double space horizontal
field listings
Blank = single space horizontal
field listings
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ISHORT Fast plot option
0 = produce plots with minimum

headings and scales
1 = produce fully labeled plots

INTFLD Printout symbolic and actual
water depth fields
0 = print fields
1 = bypass
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Figure 2-5. Phase III control card layout






Logical records are ordered on the tape in ascending
sequence based on the entire header. The first logical record
group on the tape should contain the symbolic water height,
HTZ field, and the water depths at U and V points, HTU and
HTV.

HEADER FORMAT

TIME LAYER TYPE* ROWS COLS MODEL
NO.
24 24 24 12 12 24
L,Z,B 11 symbolic HTZ, depth HTU &nd HTV

2 water height Z, U and V vectors

* types 1-7 reserved for grouped records






4.1.6 Indexing

A11 horizontal array processing is done with single
subscripts so that COMMON does not have to be changed to run
areas of different sizes. Before an index is used in a
horizontal array, it is tested to insure that it lies inside
the array. If, as a result of this testing, the value lies
outside the boundary, the index is modified to point tc an
appropriate value. The convention of modifying indexes rather
than computing partial results is designed to minimize
references to the arrays so that, in the event the array must
be stored in large core at a later date, the loss in the
efficiency of the program will be minimized.

DO Toops are nested so that the grid is processed left
to right and within each column from top to bottom. Location
(1,1) is the upper left corner of the matrix. Whenever
possible the 1imit arrays are used to reduce the processing
required for each column. The examples in Figure 4-1 are
representative.

4.1.7 Coding Convention

Formats are given 4-digit statement labels; other state-
ments are given 1- to 3-digit statement numbers.

Statement numbers, except for formats, are in ascending
sequence.

Format follows the read or write statement when first
used.

Code is sequenced to minimize transfers to statements
that occur before the transfer.

If an IT test results in a single statement being
executed, the one branch form is used with the statement
following the test.

Logical IF statements are used unless there are th-ee
meaningful branches. IF conditions linked by .0R. and .AND.
are preferred to a sequence of simple IF statements except for
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tests where the index and the array value with the index must
be tested. In this case, separate IF statements are used
because the 7600 compiler will test both conditions be-“ore
branching even if the first test fails. This compiler
problem can result in an indefinite argument fault.

Computed GO TO statements are used only where there are
more than three options or when it is convenient to use a
positive non-zero index to control the transfer.

4.1.8 Land Edges

Land edges are excluded from as many calculations as
possible by using Timit arrays which define the first and
last cell in each column in HTZ, HTU or HTV that are sea cells.
Note, that the use of these Timit arrays prevents the "“and
areas from even being set to -0 in many of the calculations
such as BAR and UVSTAR.

4.1.9 Upwelling and Tidal Flats

Calculations are not performed for cells where the Tlayer
is missing in the initial land-sea water depth table. This
feature prevents tidal fla or upwelling of lower layer in
most areas.

4.2 COMMON STRUCTURE

To minimize the number of formal parameters passec in
subroutine calling sequences the arrays transferred to and
from the intermediate file have been sequenced in COMMCN with
the Z array first followed by the U array and V array. In
addition, the ZMn,ZSTn,HGUn and HGVn arrays for each level;
the XK and YK arrays; and the S, US and VS arrays are sequenced
so that a reference to ZMn’ XK and S can zero out the entire
group.

Blank COMMON is used for the 7 main computational arrays
to allow the program to overlay the loader and use the entire
170000B of available small core on the CDC 7600.

- 45 -



In COMMON/CONTROL/ the last 500 words of the block are
available for storage of local variables (this 500 words
begin after the location assigned to variable ROT). A1l
values in this work area are presumed to be destroyed whenever
any subroutine is called.

4.3 DESCRIPTION OF VARIABLES

A output array from BAR and BARUYV
vector direction in PRTMAX
input/output array in INPOUT

AA Friction term used at bottom
of layer
=A3 for layers that reach the bottom
=Ab for layers that do not reach
the bottom

ALPHA See LAYS card

ALPH?2

ALPH3

AUS See GRID card

Al Full time step = ITINC

A2 F*Al

A3 R*A1 (bottom friction)

A4 A1/DL

A5 ' G*A1/DL

A5RHO1 (1.-RHO1/RHO2)*A5

A5RHO02 (1.-RHO2/RHO3)*A5

ASRH1 (RHO1/RHO2)*A5

AS5RH2 (RHO2/RHO3)*A5

A6 A3/2. (between layer friction)

B input array for BAR

vector direction in PRTMAX
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B1 AT*AUS/(DL*DL/2.)

B2 A1/(2.*DL)

C See GRID card

C3 C*A1*10000.

DL See GRID card

F See GRID card

D second formal parameter in

PRTMAX routine. If =4HNONL
only S array is printed. If
#4HNONE D is the X component
of the vector, S is the Y

component
D1 pL?
F Coriolis parameter
FLOW See FLOW card
G gravity
HGU layer thickness at U points
HGU?2 layer 1, 2, 3
HGU3
HGV layer thickness at V points
HGV2 layer 1, 2, 3
HGV 3
HH1 initial layer thickness
HH2
HH3
HTU total water depth at U po“nts
HTV total water depth at V po°nts
HTZ symbolic water height table for
Z points

-0= outer point (over land)

1= inner point (surface layer
only)

2= inner point (surface layer
and Tayer ” only)

3= inner point (all layers)
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ITINC

ITNO

ITO
ITS

ITW

IW

IWIND
IWNO

ITY

KK

see TIME card
number of TIDE cards read

see TIME card

time next wind field is turned
on or off

a 500 word work area in COMMON
block CONTROL used in
equivalencing work variables.
A11 variable values stored in
this area can be destroyed by
other subroutines

see WIND card

number of WIND cards read or
the index to the next wind data
to be used

word being packed or unpacked

indexes used to when the compu-
tation involves diagonal corners

formal parameter for PRTMAX to
control line spacing

1H = single space, THO = double
space

see intermediate FILE format
index often used to index

parameters originally read from
the multiple cards of the same

type

array number index 1=Z, 2=U,
3=V

offset for first word in array
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LAND

LAYER

LM
LEN

LP
Ly

M
MAXDIM

MAXFLOW

MAXNAME
MAXSORC

ME

MF

MINFLOW

MINSORC

ML

MM
MODEL

location of a zero land value

layer number and input/output
control for INPOUT

-LAYER read A

+LAYER write A

min num level number

max mum number of words in
physical record

maximum level number

logical unit for horizontal
field printouts

column index

size of arrays used to store
horizontal data

number of FLOW cards allowed -
number of columns in IFLOW and
FLOW

number of control cards types

number of SORC cards allowed -
number of columns in ISORC or

SJORC

see GRID card

index to first column in a data
row being printed

time of first flow, if no FLOW
cards are present = 9999999999

time of first source, if no
SORC cards are present =
9999999999

index for last column in a data
row being printed

index for (N,M-1)
see COMP card

- 50 -



MODOUT
MP

M12
M24
NAME

NAME1
NCPW

NE
NM

NNM
NNP

NO
NOP

NP
NW

RHO1
RHO2
RHO3

ROT

ROTANG

Si

see TIME card

index for (N,M+1)

right justified 12 bit mask
right justified 24 bit mask

array of names used as label
on control cards

horizontal printout page heading

number of characters per word
for the computer being used

see GRID card
index for (N-1,M)

arrays specifying the first row
(NNM) and last row (NNP) values
that need to be calculated in
each column of the horizontal
arrays, must be dimensioned at
least as large as ME.

ME*NE

(M=1)/15+1 number of pages
required to print horizontal
arrays

index for (N+1,M)

word count for packed words in
physical record

see GRID card
see LAYS card

810.-ROTANG used to convert
between geographic and geometric
angles

see GRID card



SLOPEX
SLOPX

SORC
SSH
SSL

SSV
STAR

TEST

TIDSPD
TK

uzL
U3L

us
uv

V2L
V3L

horizontal diffusion field

first formal parameter for PRTMAX
if D=4HNONE = Y component of vector
if D=4HNONE = array to be printed

see FACT card

slope factor used for tide for
the first tide card SLOPX = SLOPEX
for all others SLOPX = 0.

see SORC card
diffusion term in X direction

combined column index and slope
term

diffusion term in Y direction

formal parameter in routine UVSTAR
used for U* or V* terms

depth of top of layer for HTU and
FTV
TEST = 0 for layer 1
H1L for layer 2
H2L for Tlayer 3
for HTZ
TEST = 0 for layer
1 for layer
2 for layer

W N —

see FACT card

see GRID card. Also
time used to compute tide

X - component of velocity (cm/sec)
layer 1, 2, 3 (-0= land value)

diffusion array
formal parameter in UVSTAR used

for U or V array input

Y - component of velocity (cm/sec)
layer 1, 2, 3 (-0= land value)
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FACT cards precede any TIDE card in the master control card
deck. The printer plot uses the frequency for save result
value as the time interval between lines on the plot and uses
the model start and stop time to determine the segment of the
curve plotted.

5.1.2 Reading Land-Sea Tables

The program allows the use of either old or new style
land-sea tables. 01d style cards are punched and read using
a single string of numbers for each array and are puncred in
every card field except for possibly the last card. New style
cards are punched so that each row starts at the beginring of
a card. 01d style card decks contain an HTZ deck while the
new style decks contain only HTU and HTV decks. If the con-
version factor field is non-zero the HTU and HTZ fields are
converted to cm as they are read and can be adjusted fcr
changes in sea level reference height.

5.1.3 Edits

The HTZ, HTU and HTV fields can all be edited by the
program using the SETZ, SETU and SETV control cards. The
depths specified on the SETU and SETV card are converted and
adjusted as specified on the OLDT or NEWT cards. The HTU and
HTV fields are normally edited prior to the GRDZ card while
the SETZ cards normally follow the GRDZ card and precede the
TAPE card. SETU and SETV cards are used to correct the digi-
tized bottom depth. SETZ cards must be used to insert -2 and
-3 values in old style HTZ tables. If the HTZ fields are
computed by routine GRID, the fields returned have -1 values
set on land boundaries, -0 values over land and the number of
lTayers or depth values over water. GRID destroys values less
than -1 in the HTZ field so open boundaries must be reset using
SETZ cards after the GRID card. To compute an old style HTZ
field with 1's for water, set the maximum layer thickness for
the surface layer to the maximum depth for all layers and set
other layer thicknesses to zero.
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address is incremented by between transfers. If only 3 or 4
parameters are used to call the routine, the fifth parameter

is assumed to be 1.

5.2 PHASE i1 PROGRAM LAYER3

The program LAYER3 is coded in CDC 6000 series FORTRAN
IV. The main program calls XMIT, INPOUT, SETHUV, BAR, UVSTAR,
and PRTMAX. INPOUT calls routine IOERR when EOF or parity
errors occur.

5.2.1 Master Control Card Processing

A1T control cards read by the program are read and listed
by a single read and write statement in "A" format. Only
after the control cards are listed and the label is mat:hed
against a card type table is the card image decoded by the
appropriate set of variables and format. Except for a check
on the number of cards of each type, no error tests are pro-
vided. Card count and Tabel errors cause immediate program
termination. In a few cases the order of the control card
deck is important and these cases are specified in the
operating instructions. No cards are read from the input
f e after the COMP card is processed.

5.2.2 Reading the Intermediate File

After reading the master control card deck, LAYER3 reads
the HTZ, HTU and HTV fields from the intermediate file and
then reads down the intermediate file searching for a Z, U,
and V field for the start time given. If the model numbers
of layers or grid size are incorrect, no match can be made
and the program will terminate when the EOF is read on the
intermediate file. If the fields are located, the interme-
diate file is left positioned after the bottom Tayer V field
for the start time to accept output from the program.
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5.2.11 Calculation of New Layer Thickness

Routine SETHUV is used to calculate new layer thickness
and ends the half step calculation.

5.2.12 Calculation of New U

To calculate a new U, U is computed from U by routine BAR
and stored in ZM. V* is calculated from V in routine UVSTAR
and stored in ZST. Finally, a new U component is computed
using a combination of the statement function for GRZ and
inline code. The result is stored in ZM since U is still
needed for the new V calculation. The wind component is added
to layer 1 or 2 depending on which is touching the surface.
The inter-layer friction or bottom friction is used depending
on whether the layer intersects the bottom.

5.2.13 Computation of New V

U* is calculated from U by routine UVSTAR and stored in
ZST. This allows U to be stored in its own array from ZIM.

ZIM is then used for the computation of V. The results of the
new V calculation are stored in V using logic that parallels

the new U calculation.

5.2.14 FLOW Addition

If FLOW cards are present, the constant flows are added
to computed flows in the areas specified.

5.2.15 Output to Intermediate File

Starting after time ITO and with frequency MODOUT, the
water deviation and velocity fields are written on the inter-
mediate tape by routine INPOUT. The program relies on the
system to write the end of file on the output file at the
close of the program when the file is copied or returned.
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5.2.16 Diffusion Calculations

Diffusion takes place as a two stage process. The first
is to add material to the S matrix and the second is to calcu-
late the diffusion using the US and VS advection calcuilation.

5.2.17 Printed Output

Water height, velocity vectors, and diffusion fields are
printed using routine PRTMAX controlled by IPO and IPMOD
parameters on the TIME card.

5.3 PHASE IIl1 PROGRAM LAYER3F

This program is coded for the CDC 3100 FORTRAN compiler.
The program consists of a main program, LAYER3F, and three
overlays, Programs CNTRLCRD, HORZSEC, and VERPROC. In addi-
tion, overlay 2 has two segments, Programs ZUVFLD and REST.
Each of the programs refers to a number of other subroutines
and functions listed in the operating instructions.

5.3.1 Master Control Card Logic

Program LAYER3F reads and lists the master control card
deck in Program CNTRLCRD using extensive line labeling. In
order to function, the program requires at least one NAME card,
the number of rows and coc umns from the GRID card, al”~ fields
on the TIME exce t the print controls, and the model number or
numbers from the COMP card or cards.

5.3.2 Phase III Control Card Processing

Program CNTRLCRD zeros out indexes stored in COMMON when
it is called by the main program LAYER3F. Phase III control
cards with begin and end times are stored together in a control
array that is used to sequence the processing of the cata as it
is read from the intermediate tape(s). Since some of the pro-
cesses destroy the original data, the order of the Phase III
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control cards is important. The plot parameter cards are
usually required but many of the parameters may be blank
unless plots are specified. The G card is the final card
processed by the CNTRLCRD overlay. After DECODING the GO
card, control returns to the main program. However, the
CNTRLCRD overlay is recalled after completion of all specified
tasks and the program will attempt to process additional cards
after reinitializing all indexes.

5.3.3 Reading the Intermediate Fi 2s and Processing

Horizontal Fields

Program HORZSEC can process up to three intermediate
files or three different layers at one time. The choice is
controlled by the number of layers specified on the Phase III
control cards and the number of COMP cards present. If the
GO card specifies printing of the HTZ, HTU, and HTV fields, or
if land boundaries are requested on horizontal plots, the
program reads the HTZ, HTU, and HTV fields by calling segment
2.1, Program ZUVFLD, from overlay two. Within Program ZUVFLD,
each intermediate tape is processed in turn. The field is
first printed, if requested, and then passed to routine
MAKLAND which places land boundary coordinates on disk file
Six.

After this initial processing HORZSEC reads the inter-
mediate tapes, selecting the fields required by the Phase III
control cards. This process takes place in a pair of DO loops.
The first of the pair is a triple nested loop with the file
number determined in the outside loop, layer number in the
middle, and cont»ol card type in the inner loop. A1l loops
are dependent upon time desired which is preset initially by
CNTRLCRD and is advanced in the second of the pair of DO loops
in HORZSEC.

Once a field has been read from an intermediate file the
field may be printed or plotted, data for a water deviation
cross-section may be preprocessed and stored on logical unit
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