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This report, the second in a series of two, is a user's

manual for a numerical water c[uality simulation model complete

with Fortran ZV program listings and verification runs. The

first volume describes the detailed development of the model and

its application to Narragansett Bay, Narragansett, Rhode Island.

Additional copies of this volume, as well as volume one, can be

obtained from the URI Marine Advisory Service, Narragansett Bay

Campus, Narragansett, Rhode Island 02882.
IC~



USER'S MANUAL
I

A COMPUTER SIMULATION NQDEL

TWO-DIMENSIONAL, LATERALLY-INTEGRATED, ESTUARINE

NUMERICAL WATER QUALITY NODEL

NABS  Narragansett Bay Study!

TDLXDO  Tvo- Dimens ion a 1, Latera 11y- Integrated

Dissolved Oxygen � Non-d'mens onal z ax's!

TDLIDX  Mo-Dimensiona1, Laterally-Integrated.

Dissolved Oxygen - Dimensional z axis!
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I. INTRODUCTION

The computer programs outlined in this appendix

are based on the laterally-averaged mass-transport

equations as developed in the main body of this work.

These programs have been written for an XBN 360/50

computer in Fortran ZV H-level and at present  8/72!

have been employed to study the conservative and

dissolved oxygen-biochemical oxygen demand  D.O.-B.O. D.!

systems. Indications are provided in Chapter A-V as to

how this program can be extended to higher order re-

action sch mes . Ho attempt has been made to minimize

computer time at the expense of program simplicity.

The programming approach used was specifically

directed toward developing an accurate prediction

model for the D.O.-B.O.D. system. Therefore the

subroutine division of the program reflects this

trend, with each routine performing a specific por-

tion of the calculation for the D.O.-B.O.D. system

-221-



while the main program solves the finite-difference

approximation of the basic mass-transport equation.

Both programs, non-dimensional z axis  TDLIDO!

and dimensional z axis  TDLIDI! models will be

presented in the following discussion, and indica-

tions will be made as appropriate to show how they

differ in input, output and general operation.
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IX ~ ESTUARY MODEL

CONSERVATIVE S'YSTEN

Zn order to check to assure that the boundary

conditions and finite difference model were properly

formulated, a conservative system option was built

into the computer models. Xn addition this system

can be used to study the movement of any conserva-

tive constituent in the estuary such as salinity,

alkalinity, or chlorides.

D.O. -B.O. D. SYSTEM

One of the basic water quality descriptors is the

dissolved oxygen system. Such a system involves two

subsystems as shown in Fig. A-l:

 a.! Biochemical Oxygen Demand  B.O.D.!

� - � System

 b,! Dissolved Oxygen  D.O.! System

These two systems combine to form a basic set
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of two mass balance second order partial differential

equations representing the two subsystems. Xn equa-

tion farm they are given by

bz, bI, 3L 8r, 8 bL b bL-u � -v � -w + �   e ! + �  e ! +
bt chic by bz hc x cIx by yby

 e � ! -ZI,+Z
z z cbz D

 al!

B.O.D. System

and

bc bc Bc 3c 3 > P bc� ~-u � -v � -w � +  e ! + �  e � ! +
bt coax Q Bz cbc x Bx by y

where

~v,w � tidal velocities in the x,y and z directions
respectively

-22 5-
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Dispersion coefficients in the x,y, and z
direction respectively

e ,e ,e
x y z

Sources of B.O.D. in lbs./day

B.O. D, decay coef f icient

D.O. reareation coefficient

Oxygen saturation value

Sources or sinks of D.O. in mg/1

The equations, after being laterally integrated,

Qqs.  Al! and  A2! ] are employed to represent the

D.O. � 3. 0, D. system in the computer models. Zt can

be noted that onl; the carbonaceous B.O,D. has been

ents have been not.ed in the description of each subrou-

modeled and, the same is true for the decay coeff-

icients in both the D.O. and B.O. D. equations. There

has also been no direct account taken for the obvious

biological activity present in the water column as

well as benthic activities. Simple programming changes

in hath programs can be made to correct for these

other effects if desired. There is, however, a general

source-sink term in the oxygen balance equation which

may be employed to simulate biological activities- and

their subsequent D.O. loadings.

The exact formulations of the various coeffici-



tine s function, leaving the possibility open of
I

easily changing the formulations to suit particular

estuarine environments.
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III. PROGRAM OPERATION

DECK CONSTRUCTION

HABS-TDLIDO and TDLIDI programs were specifically

designed for an IBM 360/SO computer in use at the

University of Rhode Island, Kingston, Rhode Island.

They were written in Fortran XV, Level H. There are,

however, no special system subroutines used in the

programs other than the normal exponential, sine,

and absolute value types and therefore, the program

should be adaptable to any computer that has a suf-

ficiently large core available  about 256K for

l6 x 50 arrays! and accepts Fortran IV, Level H as

a programming language. A typical deck make up is

shown in Fig. A-2.

In the preceeding discussion a list of the

control cards as described in Fig. A-2 will be pre-

sented along with an explanation of how they are to

be completed.
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FIG, A-2 TYPICAL IBM 360/50 DECK MAKEUP



 a! The first, card submitted of any deck must be a
I

!ob card  'b > � denotes a blank card column!

R uired Information

Registration code of user

b JOB b

17 to 26

27

28 to 30

31

32 to 34

35

36 to 38

39

40

users name, MSGLZVEL = 141 to 71

KGQIPLE:

//TDLIDO b JgB b  ZEgf100. 010. 010,250!, SPAULDING,

-230-

Card Columns

1 to 2

3 to 10

11 to 15

Registered sponsor account
code

estimated job time in minutes

estimated job 1ine output in
thousands

estimated card. punched output



 b! The second card is the system execution card.

//bEKECbFJ5RTHCLG ' PARM. FORT ~ 'OPT~2 '

 c! The third card is a system card. Since only

FORTRAN is used in this program, the card must, be

punched

//QRT. SVSM DDb

 d! The next group of cards consists of the pro-

gram cards  i, e. the source deck} . Ef an ob j ect

dec'k is used the system control c ds under  b},

 c!, and  f} must be changed accordingly.

 e! Following the source deck is an end card con-

taining the following symbols

 f! The data control card indicates that the data

is to fo3hw. The format for this card is

//.. SYSXÃbbDb*
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 g! All data is included in the next section and

an outline is presented in the section on data

input requirements as to the format of this data.

 h! Following the data deck is the end card of the

format:

Xf data of velocity fields or time varying water

quality boundary conditions is to be read from a

disc data f ile then the appropriate job control

language  ZCL! cards should be inserted at' the end

of the source deck to define the file name and other

pertinent system information.

GRID SELECTION AND BOUNDARY VALUES

To set up- a computation in a certain area,

geographic- information has to be transferred onto

the grid points of the staggered grid system. Xt

� miso must be- decided what portion of the estuary or

-232-



estuary-river system are to be modeled. This criteria

will in part be determined by the size af computer

storage available and also by the expense of comp~ter

time. Zn order to see how a typical estuary grid

system should be arranged we will consider an example

for the dimensional case first.

Consider a typical Bay as shown in Fig. A-3.

We wish to model this estuary from its mouth at the

open ocean or sound to the head in the river. As

a first step the maximum estuary depth and length

from head to mouth are determined. With these

dimensions the overall -ize or area to be modeled

is found.

The next step is to formulate the size of the

estuary grids in both the x  longitudinal! and z

 vertical! directions. Care should be taken to assure

that an intelligent choice is made between a fine

grid size requiring large amounts of computer memory

and time with subsequently good spatial resolution

and a coarse grid system requiring considerably less
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FIG. A-3 TYPICAL ESTUARY
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computer memory and time but with poorer spatial

resolution. Also in most estuaries the length is

verjj much greater than the maximum depth so that

the grid sizes are much smaller in the z direc-

tion than in the x direction leading to lang thin

grids which must be noted when viewing program

output.

Let us assume that for our typical estuary

the length from head to mouth is 5 nm. and the

maximum depth is 20 ft. It is to be noted that

the length measurement should be taken slang a

line that approximately represents the naan longi-

tudinal tidal motion as shown by the datted line

in Fig. A-3. This procedure is used to aelp as-

sure that the laterally-averaged approximation is

as realistically represented for the actaal appli-

cation as possible. If the length were taken as

a straight geographical distance large cross

stream currents would be neglected due "w the

orientation of the x axis. Assuming a 3038 ft.

 l/2 nm! grid size in the x direction and a 5 ft.
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grid spacing in the z direction would mean a grid

array M=4, N=l0, where N is the number of vertical

'grids and M is the number of longitudinal grids.

However,. due to computational considerations for

boundary conditions, both open and closed, there

must 'be at least one more grid space on all sides

of the computational field. Hence for this parti-

cular problem, the grid array size must be N=6,

M~l2. In the computer program this grid array

size is denoted. as NNAX and MNAX, i.e. where

8 l,kP<5UC, and K=l,.'%M.

Another rule required by .".e finite-di zerence

computational scheme is that there must be at.

least 2 grid squares in any direction. This ali.ows

the mass densities to change in both directions

and prevents mass densities from being fixed arti-

ficially due to a computational inadequacy. As

a review then, the computational scheme requires

�! At least one grid space on all sides

beyond those required for actual
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estuary representation.

�! At least two computational grids in

any direction.

To represent this information for computer

programming purposes a computational grid field

or array called H N,M! is formulated as shown in

Fig, A-4. The locations where a one �! appears

indicate grids in which computations are to be per-

formed and a zero � I or defaulf indicate that no

computation is to be performed. Information on

ho@ these da a are provided to the program is

given in the Data Input section.

Throughout this discussion no reference has

been made to the obvious fact that the sea level

is not constant but varies according to the tidal

stage. This variation in height from the mean

sea level has been assumed small for the dimensional

axis model in comparison to the accuracy of estuary

depths as computed from the computational grid field

approximation. Cases of larger tidal variations can

be handled only by the non-dimensional = axis model.



The next problem to be dealt with is that there

are open boundary conditions at the river and ocean

outlets to the estuary. To indicate for computation-

al purposes where these outlets or open boundaries

occur use is made of open boundary value control

numbers NgfBD  ! and HgBD  !, where each kgBD

value represents an open boundary on a given line

M and each IQBD   ! value represents an open bound-

ary on a line N.

As an example let us develop the NgBD and

HgfBD values fo" the grid system shcrw in Fig. A-4,

A visual check shows that no open boundaries occur

along any line N and therefore there are no NgfBD

values  NBC=O where NBC is the number of EQ5BD

values!; however, along lines M l and M=12 we have

open boundary conditions. Since there are two open

boundaries MBC~2, where MBC is the number of open

boundaries along line M.

In formulating these boundary control values

the first two numbers represent the M number of

the open boundary. The second two digits repre-
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sent the lower N number of the boundary, the third

two numbers indicate the upper N number of the

boundary and the last number gives an indication

as to the position in the computational field of

the bound. If the open bound is on the right or

upper side of the grid where M=MNAX, or ¹NNAX

then a value of one is chosen; if the open bound

is an the left or lower side wher M l or near

M~1, zero is used. For this example  Fig. A-4!

then the i+BD  ! values are

+BD�! = Ol/04/05/0

and

NgfBD�! = 12/02/05/L

then MBC ~ 2

and the NpBD  ! values are unneeded therefore

mc - 0

Zf it is decided that open boundaries should

be placed on any line H a similar procudeure to that

shown above can be employed, with an analogous in-

terpretation of the control numbers. For example,

suppose that we Becide to have-one open boundary on

line N=2, in grids M ~ 4 and 5,
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then HBC ~ 1

NQBD I' 02/04/05/0

A troublesome question concerning open boundaries

is what can be done when other river flaws or runoff

water enter the estuary that cannot be adequately

included as shown in Fig, A-4. Xf the entrance of

this "side" flow is large enough in comparison to

the volume of the water in the laterally averaged

grid immediately adjacent to it then the mass density

of a given constituent in that grid can be preset to

an appropriate value to reflect this inflow. In

general, however, this is no- the case since the

inflow volumes are usually considerably smaller

th'an the volume of the estuary grid. Handling

of this case is very difficult and has to be ad-

justed for each water quality parameter under

study. As a typical example to simulate the B.O.D.

loading produced by runoff water, the volume of

storm water being deposited in the estuary would

be converted into a B.O.D. loading in lbs./day

and injected into appropriate gzids along the



estuary surface.

The grid selection for the non-dimensional

z axis model of the lateraLly-averaged mass-trans-

port equation is considerably simpler than that

far the dimensional model. After determining the size

of the x grid spacing one has only to decide the

maximum number of vertical grids desired for the

total area being modeled. The active computa ional

grid f ield H  M, M! then becomes a rectangle. For

the case outlined in Fig. A-4 assume that we desire

to have 4 vertical grids then ou" grid computational

field app ars as a recta..gle witl  "L~s"! in spaces

N = 2,5r and N ~ 2,11.

To account for the depth variation in each

section another set of data input to the program

giving the sectio~ depth at each grid location

.5 1, ?C4& is required. This depth should corres-

pond to the approximate mean sea level depth of the

section.

The open boundary conditions for the river and

ocean boundaries as shown in Fig. A-4 now become
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.BD l! = 01/02/05/1 river

NgfBD �! = 12/02/05/1 ocean

Zt is seen that these values, in their ranges of

H�2/05! are exactly the same, however, depth

variations adjust this seemingly unrealistic

grid approximation.

DATA INPUT REQUIREMENTS

-243-

Zn an effort to nake data input for KABS-

TDLZDO and TDLXDZ as simple as possible Table A-1

has been developed which lists the data name, a

general description including appropriate dimen-

sions  i.e. ft., ft./sec, mg/L, etc.!, the format

far data cards, and any conditions that must be

met for their use.

When searching for the information to fill

these data fields especially in the cases of those

specified on the staggered grid system an effort



should be made to find. the values at those loca-

tions as this will give the most accurate repre-

sentation of the area under study. This is par-

ticularly true for the estuary width matrix since

the solution scheme for the difference equations

is sensitive to width variations. For cases where

islands are found in the middle of an estuary,

the islands, conceptually, are moved against one

shore and a new cross sectional bottom profile is

estimated using either a mean or maximum depth as

a reference and a bottom profile similar ta the

previous estuar~i section. Interpretation of

model results has to be viewed carefully in light

of this new profile adjustment.

Since these computer program models axe

only for the mass transpox.t equation, values of

the tidal velocity variations need to be predicted

by other means. Provisions have been made in

subroutine VELC to handle velocity inputs.

Zither the fields of the w and u velocities



can be specified at every half time step, an inter-

val of AT/2 apart, or they can be computed from

a Pourier series type formula based on experi-

mental data or in the usual case a reliable one-

dimensional tidal model �! can be used to pre-

dict the tidal velocities and heights in the x

direction and w velocities can be initially

' neglected since they are usually small. Xn

any case, with some simple programming, sub-

routine VZLC can be used to handle a variety

of velocity input conditions.

To specify mass densit'es at open boundaries

another subroutine called BOVAL is employed.

At the present, since water quality data gather-

ing is usually done in terms of season averages

rather than instantaneous values, the mass den-

sities at, open boundaries are set constant. The

program however can handle varying boundary con-

ditions if so desired by simply adjusting the

programming to read or calculate these conditions.
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Additional information on how these velocity

and mass density inputs are handles is described

under the subroutine functional description for

the appropriate routine.

In genera l to obtain the D.O. -B. 0, D. coupled

system from the computer program the control number

XSALT is set equal to one  ISALT = l!, while for the

conservative case, XSALT ! l. Careful checking of the

data input conditions reveals which read statements

are passed over or skipped for each case. Similar type

control parameters are used for dispersion terms  EDIP!,

sources and sinks  XSOU!, decay values  DODEC!, and ve-

locity input  XVKL! conditions and are noted accordingly

in Table A-l.

Since the development of both the dimensionless and

dimensional z axis models is analogous the data inputs to

both models are very similar and differences are only in a

few parameters. Therefore, Table A-l will present the data

input for the dimensional model with notations made under

the conditions column, for variations caused by using the

non-dimensional z axis model.
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HO. OF

CARDS
DESCRIPTION

KATA NAME FORMAT CONDITIONS

2I2

2F7.2

Z3

r4

X2

-247-

AT- full time step
for difference equation
in sec.

SQL'ST - total number
of time steps to be
completed

lBCAX,MMAX � the number
af grids in the z and x
directions

DDX,DDZ � x and z
direction grid sizes
in ft.

XPUNCH - number of
t,ime steps at which
punched output is
desired

SPR � total number of
times printed output
is desired

NPRXNT   ! � the time
steps at which printed
output is desired

HFP - number of grids
for which time varying
plots of concentration
are desired

Table A-1 Data Input Specifications

DDZ omitted
for dimen-
sionless model



DATA NAME

DESCRIPTION

50. OP

CONDITIONS CARDSFORMAT

NP X!,NP <I!
the N, and M num-
bers for grids in
which time varying
plots of concentration
are desired

2X2

2I2 If XQL or

IGU equal 0
only obtain
vertical

section aver-

ages

5I2ISOU,XDIF,ISALT,IDECp
IVEL, ISi~tO - control
parame ers

2X2 rf' E,MBC
ecpxals zero

~kips app-
repria te
boundary con- .

� -ditions

ISC,K8C-
number of NOBD

S,y 6,
number of &IOBD bound-
ary conditions

Table A-l Data Input Specifications  Cont'd..!
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IGL~XGU - plots
of D O. & B.O D. or
conservative case are
provided for column
N=IGL to column N =

IQU, plus vertically aver-
aged values in each sec-
tion

ZSOU- source

of D.O.

ID'- diff=-
sion oe f

ISALT- D.O.

B.O.D. or

conservat-

ive case

XDHC- Decay
coefficient

DKK velocity
read in

XSM!- width
matrix smoo-

thing



50. OF
CARDS

DATA NAME

DESCRIPTION CONDITIONS

mOBD   !
boundary conditions

mBD   !
boundary conditions

If NBC equals MBC
aero this read
ie passed over

IS

2F10.

4,F5.2,
F6.1

4F15.8DA,DB,DC, DE

3F10.5

3F10.5

Table A-1 Data Input Specifications  Cont ~d.!

249-

A2,B2,SKK,Vl values
for the computation
of the decay coef-
ficient  ref. sub-
routine DECAY!

SNETA, BET 1, GMS
coefficients of
the vertical dis-
persion coef-
ficient  ref. sub-
routine DZFFU!

WH,WT,NL - wave�
height  ft! wave
period  sec! wave
length  ft!
employed in vertical
dispersion coeffic-
ient  ref. subroutine
DIFFU!

Xf NSC

equals
aero this

read is

passed over

Zf IDKC=l
these values

are read and

next read s]c-

ipped

Ef IDBC >1 1
these values a e

read and pre-
viuos state-

ment is skipped

GARS = 0.0
no wind cond-

ition,
BET1 ~ 0
constant den-

sity profile

WH,WT,WL must 1
always be sp-
ecified even
if GMS ~ 0.0

above



HO. OF

CARDS
DATA HANK

DESCRIPTXOH FORMAT CONDITIOHS

30I2

1OF8.1

lOF8. 1

Table A-1 Data Input Specifications  Cont'd!

250-

H H,M!
Computational grid
f ie ld

B H,M! - estuary
width f ield in f t.

 columns l-l0!

B N,M! - estuary
width f ie ld in f t.

 columns ll to &i&X!

JS H,M!- estuary
B.O. D. loadings in
1bs/day  columns 1-10!

JS  H, M! � es tua r:~
B.0. D. loadings in
ebs/day  co lumns 11-
HNAX!

QK H,M! � x direction
diepe~eion coefficient
in ft /sec  columns
1-10!

DK H,M! - x direction
dispersion coefficient
ia ft /sec  columns
11-weve!

DE  H, M! . vertical dis-
persion coefficient in
ft /sec.  columns l-l0!2

DZ H,M! -vertical dis-
persion coefficient in
ft /sec  columns ll-MAM!

10F7. l . If ISALTQ MMAX
X passes

over this read

lOF7.1 Lf ISALTQ
1 skips

this read

lOF5. 2 If EDIFY' 1 NMAX
skips this read

3.0F5,2 rf IDIF+l
skips this
read

QOF5.2 ...If IDIP 0' l MMAX
skips this read

10F5. 2 If EDIFY' 1
skips this
read



50. OF

CARDS
DATA NAME

DESCRIPTION FORMAT COHDXTXOHS

10F5.2

10F5.2

10F5.2

10F5.2

p N,M! - source or s'nk 10F6.2
of dissolved ox'=.en
 mg/1!  columns 11-h~!

lOF6.2

N&iM<10F6. 2

SS H,M! � salinity in
estuary  columns 1-10}

10F6 ~ 2
Omitted if
XSAXT P 1

SS H,M! - salinity in 10F6.2
estuary  columns 11-HMAX!

DEP - mean sea level
depth in'ft.

F7.2

Table A-1 Data Xnput Specifications  Cont >d!

COP  N, M! � initial
value of D.O. or

salinity mg/1  columns
l-lo!

COP {H,M! � initial
value of D,O. or

salinity mg/1  columns
ll-NMAX!

TS N,M! - initial value
value of B.O. D. in
mg/1  columns 1-10!

ZS  N,M! � initial value
of 8.0. D. in mg/1
 columns ll-HMAX!

VS  N, M! temperature
of water in   F!
 columns 1-10!

TS  N, K! temperature
of water in  oF!
 columns ll-NHAX!

Xf XSALT P MHAX
1 skips

this read

Zf XSM.T X K@X
l skips

this read

X f TSCU

1 skips
this read,
presets field
to sero

Used only MMAX
for dimen-

sionless model



FORMAT CONDITIONS

10F6. 2

lOF6.2

lOF6.2

lOF6.2

&able A-1 Data Input Specifications  Cont'd!
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DATA HAMZ

DESCRXPTION

U N,N! -u velocity
 + ebb! ft/sec
 columns 1-10!

U N.M! - u velocity
 + ebb! ft/sec
 columns 13.-HOAX!

W N,N! - w velocity
 + upward! ft/sec
 columns 1-10!

W  M, ~f! - w ve' oc ' t;-
 + upward! f t/5 ~c
 columns 11-lR~!

IVEL must

equal 1
ta read

this

IVEL must

equal 1
to read

this

XVEL must

equal 1
to read

this

VTKL n.ust

equal 1
to read

. this



COMMON AND DIMENSION STATEMENTS

When the final grid system has been decided

upon, along with all the boundary specifications,

the g5h&gN and DIMZHSIgH statements of the pro-

gram should be adjusted so as to require as

little computer memory as is feasible. To help

in this matter a table has been developed which

shcws the appropriate minimum storage allocations

necessary. In Table A-2 the following notations

are used:

MMAX � Number of grid poin s in the x

ckirection

HHAX - Number of grid points in the z

direction

NSC - Number of NgfBD boundary values

KBC � Number of MgiBD boundary values

HFP � Number of grids for which t.ime

varying concentrations are to

be plotted
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COMMON BLOCK

ARRAY NAi4E
DINES ZOHSCONDITIONS

1.5» NMAX

1.5* MÃAX

Sac+ 1

MBC+ 1

Table A-2 Storage Allocation Specification

-254-

Mao   !

Mao   !

MoaD   !

Noao   !

  !

DEP   !

cs   !

TS , !

ss , !

x  , !

co , !

LS  , !

Js  , !

s , !

CT , !

v  , !

e , !

coo  , !

K%AX, %&X

mAX, m~X

max, m&x

Ã4PLX, NHAX

55QGC~ K%X

suan», mmx

$8MC~ MHAX.

SNOC, mmx

A|AX, reeX

mac, mex



COMMON BLOCK

ARRAY NANE DIMENSIONSCONDITIONS

N5$X MMAX

KCLX MMAX

XMK~ MKAX

595hX~ MMAX

HI4bX, NMAX

1M% , K%X

SE Unnecessary
for dimensio-

nal model

szp Unnecessary
f or dlmens io

nal model
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MAIN PROGRAM

DIMEHSIOHS

AA { !

BB   !

cc  !

DD  !

AA2   !

SS2   !

cd   !

Dos   !

z   !

0   !

NPRIHT   !

SUBROUTINE XHZT

ARRAY NABS DI KKHS ZONS

m   !

Table A-2 Storage Allocation Specification  Cont~8!
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DIMENSION STATEMENTS

SUBROUTINE AÃSW

DIMPSY ONSARRAY FANE

so  !

SUBROUTINE PLOTS

DIMENSIONS

&&AX 3A  , !

COAV  

LSD   }

SUBROUTINE AXVAL

ARRAY NAM

mo  !

DIKKSSIONS
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HAMRD CONMONS

DXMEHST. ON

/CHEm/

DIMENSION'
ARRAY NAKE

c   !

Table A-2 Storage Allocation Specification  Cont'd.!
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core  , !

aoD  , !

vra  , !

  !

  !

MAXST, SPP

NAXST, NFP

MmST, mZP



PRDGRAN ZHPUT

Conservative Case

TDLZDZ

D.O. - B.O.D. System

Conservative Case

TDLZDO

D.O. � B.O. D. System
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SMPLK INPUT - TDLZDI

 DIMENSIONAL VERTICAL AXIS MODEL!

CONSERVATIVE CASK
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4«i

V ~ I
4 ~ 4
4 ~ 0
4 ~ '

AC
4 ~ i
4e i
4 ~ C
~ ~ 1
v«

~ r.
Ve V
4 ~ v
4 ~ C

C ~ 0~ 0 4«C

i! ~ 0.
v' ~ 0
C«0
4«IJ
i«V
4«3
4«C
4«Q
W.a
C«0
4«0
4«D
4«D
I ~ 0

. 4«Q
4«C
4«0
4 ~ v
4«0
4«O
4 0
4,0
4«0
4 ~ 0
4 ~ !
4 a1!
AC
4«!
4 3
v ~ G
4 ~ 0
4«C
4«G
4«0
v ~ 0
4 ~ 0
4«C
4«Q
+eO
4«Q
4«0
4«C
4«0
4«0
4«Q

0
C ~ 0
v ~ C
4«0
4«D
AC

a! 0

4 ~ J
va w

4 ~ 0
4 ~ e
4 ~ 'r.'1

4 ~ 1!
4«g
4«9
4«3
4 ' 0
4 ~ 0
4 ~ 0
4 ' J
4 ~ 0
4 ~ 3
4 ~ J
4 ' 0

hva'
4«0
4 ~ 0
v ~ !
4 ~ v
4 ~ J
4 ~ !

~ ~
J

4 ~ 1
L ~ !
4 ~ !
4 ~ 3

4 ~ C
4«c

gl

4 ~ I
I ~ C
4 ~ C
« ~ v
4«Q

4 ~ 0
v«0
4 ~ C
4«C

0
4 ~ C
4 ' 0
4 ~ 0

C
4«C
4ei
4 ~ C
4 ~ C
4 ~ 0
4 ~ C

J
4«t
4 ~ 0
v ~ C
4 ' 0

C
4.0
4 ~"
4 ~ C

4 ~ 0
4 ~ C
4 ~
1 0
4 ~ C

Vev
h4 ~

4«C
v«C

'I'le I«
4 ~ i
4 ~ 0
AU

0
V ~ e

4 ~ 0
4«C
4 ~ 0
4 ~ C
4 ~ C
4 ~ 0
4 ' 0
4 ' 0
4 ~ C
4 ~ 0
4 ~ C
4 ' 0
4 ~ 0
4«C
'1, C
4 AC
4 ~ 0
4 ~ C

C 0
4 0
4 ' 0
4 ~ 0
AC
4 ' 0
4 ~ C
AC

0
'4 C
4«C
4 ~ C
4 ' 0
4 ~ 0
4 ~ 0
4 ~ C
4 ~ J
4«C
4 ' 0
4.0
4 ' 0
4 ' 0

4.a

4 ~ 0
C ~ 0

0 ~ J
j ~ J
v ~ J
C ~ 0
C«Q
4 ~ 0
C 0
C ~ 0
C ~ 0
-' ~ 3
C«3
C«0
v ~ 0
0 ~ 0
V ~ 0
C ~ J
C ~ 0
v«J
J ~ I!
0 ~ 3

0
v ~ 0
ie!

~ 0
v ~ v
V «9
"~ 0
C ~ !
0 ' 0
CD 0
0 3
vs J
i ~ 0
D«J
11 ~ 0
4 ~ !
l

ve v
' ~ J

1«V ~ V
i.' ~ I!
M ~ 0
C ~ 0
i«J
!«J
C ~ C
-l

4«Q 4 ~ J 4 ~ 3 4«0
4 ~ 4 ~ ! 4 J 4 ~ 3
veC v ~ 3 '4 ~ J 4 ~ 0

0 ' J 3 ' J 0 ' 0 O«Q 0«O
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~ ~ a»1

Oed
0 0
0 0
0 0
arQ
4.a
Dad
0 0
Dad
OrD

Cea
aa
v ~ V
'' ~ C

ea
4 ~ 4

'II» ~ v
Qe
4 ~ C

rce
; 'Ive V

v ~ 4
Ja J

-266-

b'av
era
Qe'
deJ
Qe
J gt

3
OeC
0 ~ v
Qrv
Dr1
V.C
Oev
0 ~

0
Jr v
0 ~ '
U ~
I' ~ C
0
Dev'
0
0 ~ 'r
Qr!
0
0 ~
J ~ !

I4 ~ v
Qr
0 ~ !
Dr '4
Ora
9 ~ 0
OeC
0 ~ 0
0ra

4
Or 3
0 v
Dr~
OrC

- QeC
OrC
0 ~ 0
DeJ
OeQ
erC
Jrd
0 ~ C
eee
Or!

'! ~ C
~ C

'! ~ i
. ~ 0
0 ~ c
; ~ C
0 0
3rd
.' ~ J
J
J ~ V
!ee
0 ~ v
AC
! ~ 0
!ra
0 ~ J
! ~ J

3 ~ C
0 ~ 0
QrC
0 ~ '.!
> ~ C
arv
'ra
.!e C
.1 !
!e ".
! ~ 4

0
I» ~

0 ~ 0
0 F 0
J ~ 4
Jev
a.a

4 ~ J
Ilv ~ 0
'J ~ 0
0 ~ 0
0e I
4.0
! ~ il
4 ~ C
J ~ r.
0 ~ J
J ~ 0

e9 ~ 3
4! ~ L

0 ~ C
4 ~ C
V ~ C
v ~ 4
0 ~ c
4 ~ 0
0 ~ C
0 ~ C
Ia ~ 4
OVC
0 ~ 0
J ~ C

A v ~ 4
CD 0
0 ~ C
J AC
Jea
CHIC
Vea
04C
QeC
0 C
G AC
J AC
A 4 ~ 4
0 ~ C
! ~
» ~ r
C ~ C
aed
AC
0 ~ C
F 0
SIC
0
I.' ~ 4
CD 0
0'C

0 ~ .
0.0
4 ~ 0
>re

c2 ~ 7
v2 ~ 7

0 ~ C
0 0
4 ~ 0

7j 0
lis ~ 0

4 ~
4» v
0 ~ 'j
4 ~ v

1V» 1
V ~ I3
VS J
Urv

~ 0

~ I
4 ~ 4
v ~ v

Ia v
IP ~

4 ~
a»
~ v

14 ~
~ J

c 0
4 ~ v
v C
4t ~ C
4 ~ v
v r

Ave v
4» I
4 ~ '4

~ ' ~ C

I» ~ 4
0

62 ~ 7
42 r

I ve 4
4 ~ J

CS
4 'r ~ rS
7 La'-
7L ~ i

~ C
"~ '!

1a 4
0 AC
4 ~
I ~
v ~ 4

A4 ~ v
N ~ V
i. ~ 4
4 ~ C
vea

~ C
v ~ 4
~ ~ 'V
J ~ C
I ~ %
G ~ ~
V ~ I!
v ~ 0
.aG
v ~
. ~ I!
» ~

1~ v
~ '

4 ~ v
!a j
» ~ V
J ~ 3

~ 3
A~ '4

". ~ C
'v a
C ~ C

V
1~ v
a0 ~

I ~ v
-7 ~ 7
C2 ~ 7
cd 7
 F 7

J ~ 0
AVe v

71 ~ Ir
7>. a
77 ~ 0
72 F 6

v ~ J
J AU
J ~ 0

J ~ J
J ~ 3
J ~ 0
OaC
0 3
j ~ j
Qa!
J ~ 4'
Dav
0 ~ v

v ~ j
'4»4
0 ~ 0

4 ~ v
4 ~ J
Qaa
! ~ 0
Je]
V ~ »
3 ~ !
! J

4 ~ j
J ~ J,
4 ~ v'
v ~ J
F 0

0 ~ j
0 ~ j

4 ~ 4
J F 0
-! ~ 3

o2el
62 ~ 7
62 ~ 7
CI2 ~ 3
42 ~ 7

v ~ 4
0 ~ 0
I! ~ J
J ~ 0
0

J ~ 4

0 ~ 0
.!e J
ja!

' 3 ~ J
J ~ J
JaQ
! ~ 0
Ved
0 ~ -3
0.4
V.D
J ~ 4
0 ~ J
0 ~ 0
J ~ i!
aaa
0 ~ 0
J ~ V
V ~ J
0»0
J ~ U
3r4
0 ~ 0

3 ! ~ 0
! ~ !
3 ~ V
!ee
'! ~ 0
Vr J
DeJ
J.a
De J
ae0
0.0
JeJ

62 ~ I!
42.S
o2 7
o2»7
62 ~ 7
42 A %
oZ ~ 3
c,2 ~ 8
63 ~
6!.7

De!

0 ~ 0
V

3 ' J
0 ~ 0

I!
0 ~ 0
J ~ 0
0.0
0 ~ J
0.0
J ~ 0
0 ~ 4
0 ~ 0
Gee
0 ' 0

0 ~ 4
0 ~ J
QeJ
0»J
0 ~ 0
JrJ
aea
AC
0 ~ 0
Vaa
4 ~ 0
3 ~ 0
0 ~ 2
J ~ J

'0 0
0 ~ J
J ~ I!
J ~ 4
0 ~ 0

o2

o2 ~ 9
42 ~ 0
63 ~ 0
63 ra
c3 ~ J
v3e
o3ea
63a5
o3 ~

4r0

0 d
Jrd
Jed
Dad
aad
Qrd
Ded
0 0
ard
OeQ
hr0
4 0
JedI
J ~ IJ'
0 ~ 0
0 ~ 0
0.4
Dry
0»J
0 ~ J

0 0 0
3ea
0 ea'
0.0
0 0
3 0

63 ~ 2
43 ~ 0

4 0
0 ~ 0

b2 e9
62.s
62.S
63.0
63aL
63 ~
63r3
43et
e3ar
4 3a5
4! ~ 5
c;! 5
43r5
C3rh

DVQ

0 0
0.0
0 ~ 0
aed
0 ~ 0
Qrd
Dr0
QeQ
Dee
0 0
Ded
0~
Drd
0
Dee

Ore
os 4
43 4
br
63e5
62 ~ 9
62.9
67 9
43 0
63rd
b3 ~ 0
43rZ
43 ~ 3
a3 5
63r7

b+e6
oee0
oS! 0
6%rD
U3r5

OW



e

c' «4
ob ~ 7
a!

3
0 ~
0 ~ 00
0 ~ Ir 1
t T ~ ee
pf«c
J ~ 00
Se ~ 2
cite L
OJ«LJ
65«8
65 ~ ll
el 5«0
0 ~ 0
bi ~ 7
Cyi ea
fi !'
t3-
c 3 ~ 0
63 ~ S
43 ~ 0
vae IJ
CI > ~ '..
ae ~
I'v ~ w

I"!r a ~ J
65 ~ 9
65 0
cS ~ I
a0e 8
el' ~ 7

lae 92

0+0

Oe-!
J«0
0«0
'e 'Ii,ev

0
Qe4
0«0
do!
l«0
0«>
9 ~ 0
0«J
0 0
0 ' 0

0«Q
el! all

e~e3
66 ~ 5
60 ~ 3
64 ~ 5
64« L
6't ~ '3
'5 ' 3

Ie ~ 0
bc, ~ '0
~% ~ 2
e~e a
4ll ~ 0
64 L
t4« l
6cI ~ L
H«2
tc
64 F 2
64 ~ 2
64«a
64 2
te ~
Oll ~ 3
bll. 8

c' ~ ~ a
6ll ~ 6
eire
CI t ~ C
brea
He
it ~ W
04 ~ 8
'4«a

to 0
o% ~ 7
o'7. T
c 8 ~ 2
c7 ~ 8
aT.c
c7«0
aC«3
o7 ~ 8
tCe ll
cT.C
f7 AC
at«0
c,5 ~ S
c. ~ 0
cW ~ 8
tile 8
c~ ~ 8
tJ ~ 6
fv ~ 7
ca ~ 5
66. 0
carl
ta«C
cee 5
aa. ~ 0
fl ~ 0
ct. C

u ~ C
tc ~ C
tJ ~ 8
6' 6
c.J ~ c
65 2
oS ~ 0
6 .e
t~ ~ 8
tke 8
o~. e
cA ~ 8
alI ~ 0
63 ~ ll
C! C

TL 0
T' ~
TL ~"
tS«g
tc ~ 5
65 ~ 0
OS«"
6% F 0
ta ~ t
67 8
bc ~ G
t =«8
6% ~ 0
ti«3
tt ~ b
ta
<1 ~ 8
tl ~ 3
ot ~
t 7«l
a7 ~ 2
tT ~ 0
f7 ~ l
ti C
cT ~ 7
t7.0
6 l ~ 0
o7 ~ C
c7. '
tT ~ C
67 ' 0
t7 ~ 3
Et' 0

0
6c«8
t5 ~ v
t' C
65 ~ 0
65 ' 0
65

~ tS ~ 0
65«7
E ~ C

le ~
72 0
7$ lI
71 ~
TL ~ ll
71« ~
llew
TC ~ 8
ZL ~ a
TC.S
74 ~ i
TC ~ 3
TC« 2
TG ~ l
'S ~ 8
C' ~ 4
c5 ~ 4
li ~ ~
Ccr 1

'. «7
c ~ l!

to ~ 2
i-e ~ 3
c '«0
f!' ~ 0
t ~ ~ i
c r 0
a ~ ~

t= ~ 3
er.8
cl ~ J
cT ~ 6
tT 2
Qv ~ 5
cc ~ a
C eI ~ 0
c ~ 6
OC ~ 'I
66 ~ 2
cS,
ec ~ 2
C«C

0«0
0 ~ v
0 ~ a
0 ~ 0
0 ~ 0
0 ~ '
0«C
3 ~ 9
0«u
0«0
3 ~ 0
0. 0
0«C
!3 ~ G
0«Q
4 ~ 0
0«0
0 ~ G
0 ~ II
0 ~ C
0 ~ 0
3«0
J«!
!
n

«e v
J ~
J ~ i
3 ~ 0
3 ~ 0
0 ~ 0
0 ~ !r
0«C
0 ~ 0
v ~ 0
Oe i.
0 ~ 0
0 ~ C
0.0
0 ~ 0
G ~ 0
0«4

26'7-



SAMPLE DlPUT - TDLXDI

  DIMENSIONAL VERTICAL AXES MODEL !

D.0. � B. 0. D. CASE

-26B-



Liaoc
100
lese

SJ39 ~
tu!

?
� 7
liib

3
1

SO
99

1415
2212
0 2
Olla! i!
%%Llew! L

C ~ Qacd:34!
~ a5di9

~ 0

2 C

C ~ C

7 7
92~ I

7
J
V

AC
C 0 0
C O
OOC
COO

J 2 0
0 0
0 8 0
C ca
CCO
OOC,
OOC
000
4 CO
C 4 0
OCC
CCC
000
OOC
COC
OOO
CCC
OCO
OCa
COO
OOJ
COO

4
add
CCC
COO
QCO

C
A

4 7 0 C
4 V
7

0 C a C 0 0 7

~ 27~
C ~ 4

0~0
aad
C i 0
4 0 C
0 c c

0 C
G 7
0 0
000
C 0 C

C
4

C C C
0 0Q
0 0 c
C 0 C
C C 4
c " c
C C G
0 C C
000
QC0
0 C C

0 C
ll Q

0 C
n C

0 C
C

A g 0
000

0 C

0 C C
4 C C
C C C
C E C
C C 4
C C 0
0C 0
0 C C
C 0 0
C C C
C C
OCC
C 0 C
0 C C
0 C C
COC
0 C 0
C C C
C C
C C
C C C
v C
C C 0
0 0

C C
0 0
eC I
0 0 !
0 0 I
C I I

I
0 C

~ QCS57
0.0
0 C C
0 4 C
00L
G I I

I
I

Q I
0 I I
0 I I
0 G I

C I
4 C I

I I
0 I L
0 C I

I I
0 L I
0 I !

I I
0 L I
0 I I
0 I I
L ! I
I I I
L I
I I I
I I
I I I
L I
I
I L
L I

cao
I I 0
I 1 0

I 0
I I 0

I J
L L 0
I I L!
I I
I I 0
	0
	0
I I 0
! I
! I 0
I I
!
I !
110
I I 0

I 0
I I 0
I
I L 0
I I 4
I I
L I 7

I C
I
I !
I I 0
I I v
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1 1
1 1 1L
1! 11
l, 1
1 i I 1
1 l i
1 l. 1 L
1 I 1 1
LLLL
1 L L I
1 1 1 L
I 1 L L
1 1 I I
1 1 1
1 1 1 I

Cii C C i 0 J
OC J»O
CC»..Or!0
OOJ!C . a
COCA VVV
OC»J001
OOJJJO 1
CCCQQC
OOC J JO L
0 C C O> i,' O 1
OC3UO I L
00 30 I 1 1
00>31111

011111
JCL 111 L
QO>3 3 CC C

' 13OJ ~
159 J ~ L 39»' ~
LZOJ 1 JOE

o4Ce d' Ce
340 ~ 3a C ~
3OO ! ~ 3C0 ~ ~
225 l ~ 2.=.5 J ~
133 3 ~ 1 e J'3 ~
WV+»e 47 1 ~
58'! ! ~
45» ' ~ v'.v'C ~
4,!l ~ C" 4r
'� i >e !- ~ Jvr
525 r'- 2! J
e LS:.. a L9a.
SS5C ~ 5>'0 ~
IVL ' ~ LTLCO
LSCC>J ~ litO JC
ZJL'-' '- Z-L:=' ~
19'J'! J ~ LS J8 J
Zaa'~: 2'+i9. ~ ~
357» ! ~ = 79> Cr
$~3>3 Jr 3i1 i; ~
294Jv ~ 29's!ve
313'! J ~ 3L!»G ~
333 JJ 33"l3 ~
35» JJ 35ic ' ~
312 r'=I 312'~Ce
2»e eJe 4>t40e
3» 'J ~ 3C4t'2 ~
244 s:!e +i 4 eCe
24dl ' ' it ~
34ZJ! 'i4 'Jr

' -4 Lw'! ! ~ ' ! L4O>' ~
35!J J-

231L ' 25 l lO ~

0011
C I L
01} 1

I ! 1
i

1 1 I
1 1 l. l

111
I L

1 L 1 1
1 I 1 I
1 I 1
1 I 1 1

1 1 1
1 I 1
0 C C J

LCCC.
L5S» ~
LZC. ~
C6C ~
34C ~
QQh+

22 5v' ~
LSC» ~
474C ~

0» r ~
CSC
CZLC ~
04C" ..
02 L

eLSC.
C> gt
ITl ' '
leCCCr

C 1" ~
19C -..J ~
ZC4 r: ~
35 T." ~

it J ~
2Si.'C ~

lie ~C
'i3i

54» ' ~
:-12""e
L1@ ev ~
3i4r ' ~
Za >e9» ~
2 4e! ". ~

41ACC ~
354<. ". ~
Zel ace

C C v G
1 'JQ ~

L'C r' ~
Ea4. » ~
3vC> e
ice". ~
285'
1="C ! ~
>Ti vr

r
»! eve
c=L'
5 %»v ~

r r ~
clSC ~

171 "».
1 '.Cvl. ~
a.ii!
1 J!» w ~
2444' ~
.' 7>e ~

~ '>»0
c>>-ev ~

»e
'� 3J
	2TC ~

~,!
~ »>! a.i! V ~

ZC Ie4 ~
~ ' ~ a ~
~ ' r>re

j>» ! ~
c'LLJ ~

0
0

O
3

3
>3
0
J

t>'JJ
L59Jr
L4»V ~
6» ve
8»Ve
3>!J! ~
22m ! ~
L >» ~
w7'i J ~

> w ~
~ >
L'>iv ~
Je.> ~

=J ~

55vi ~
1 r15'..
18000 '
24!Jv ~
l 'v Jik ~
2�1. r
3! 79>
3»~i J 3 ~
a i4J ~
! ! '! v" ~
33! i ' .~
! ! ~ ' ~
3L29 ' ~
2 !» 44' ~

J I! ~
2 J49l,e
Zir.l J ~

Jvr
Q g>e ~ >>1
3�~ J ~
4 '. ll J ~

LO JQ
1'! 9J.

JJe
O4.> ~'>

3v v' ~
3OD J ~
22'! J ~
La.'.>!
i7 e! ~

'. e! ~
e! >»e
~- i J
! ev'J ~
34 5J ~
aL-O.
5'! 43 ~
L71JJ
L3 GOO
2~l ',"..
t9' . v ~
40 e'9J ~
3574J.
Pw a>. v ~
2! i J>ve
315'Joe
53 J!!! ~
$5» ~
il29O ~
24~ed ~
!vedO ~
4ai9O»
Zivt J ~
!v >! ! ~

"vt»20 ~
!!' ~ Jve
25 1 1 ~

133Jr
I~ ! rr ~
LZ'J ~
4!v ~
� re
3r33
22! J ~
L5 Je
>ere!
! !-i ~
r!!d ~

J ~

v»L~J ~
55 IO ~

L''~-
LBJOJ
2
I' ~ Jr: ye
»�9! r
i! re!e

>e
2> ~ !J ~
314 Js
3hc "J
35' 'Je
314'i

e Js
3.' .
Zvs+ j e
2 ~ -1'J

> ge
4Lv:7 '
~!» ]
asLLJ ~

I JO!
1!SJ ~
LZL," ~
o4C ~
�C r
3! >»> J

2253 ~
LiOJ ~
~ 7»J ~

r ~
i!OJ ~
v'L.r
Sv.T!e

419 J ~
5>4 J ~
LTlJJ ~
LOCJOe
2!LJ'
L!v!Je
4'3473 ~
357 �.
3iw!J ~
494eT J ~
315vQ e
33C J ~
3�s»
3LZ !Q
2!CM e
3-'a8>.
2549|..

'l! t'' e
J e4r> J ~
i a4-!O
354!Jr
~ILO ~

LO" J
L!9Q ~
LZQQ ~
ceo C ~
3~C .
3'! COe.
ZZSO ~ .
1!CO ~
474 J ~
3!aJ ~
ii ~'J ~
i1L J ~
5».' J
525Je
8 L9O ~
55$JQ
171!Q
18000 ~
43 LJO ~
1 iQSCe
ZJ49O.
3579C ~
3idOG ~
244O4 ~
315JC ~
3! GOO ~
3i4JO
3129C ~
29ciO ~
3O450

Zi&lc
3»ZJJ ~
4140C
3�JO
ZBL LQ ~

LJQQ
1590 '
LZOQ ~
r'»>O e
3>50 ~
33CO ~
225C ~
L'i'JQ ~
47:Oe
» nr
4!uje
F510 ~

'e >!>J ~
525V.
eLSOe
5 5 '-"J ~
LTLO" ~
IBQOQ ~
ZDLOQe
LSvd!e
4" 492 ~
3579 J.
3460 Je
Zih>� ~
3150J ~
33COJ ~
354,
:- 1293 ~
29�0 ~
304iQ
4 49c ~
240I.J ~
342JJ ~
41400 '
354OJ ~
2$ttde
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25r SQ»
2@i 92 J»
2 la.'s J.
2JL'!J»
17v 6J.
171 »J ~
2jg � ~
i+7 31.
21630 ~

%55.'. ! ~
147"3 ~
LQQ-! ~
15V J ~
120. ~

ee-! ~
350.
LJQC ~
2250 '
18CQ»
474 0 ~
5!LK ' ~
v M'C ~
63L
5SQQ ~

2 e
aLS".»
55'- v
L710 ~
LAC'"..3 ~
2QLJ" ~
!906Q
ZQ» i! ~
35790»
3WCQJ ~
'%9+ Ag
!LD J' ~
330 '�'0 ~
35403 ~
3lar0
29K» ~
304 RQ ~
ZD490»
24013
2%2CQ ~
vLSCJ ~
354C3 ~
2'!L 10 ~
25".S J ~
Zt LlJ.
ZLQ.=.!
210

58: ~ ~
2cll re

2 1 ".' ~
L74c i ~
17 lu !.

L;ere
Lv FQ:! ~
Zle "r ~

16..~ -' ~
Lv lJ" ~
LQC! ~
15~i: ~
1 - ~

eel ~
'6 J ~
3033 ~

225-'-
Li!»J ~
4743 ~

5".cC ~
0 ~

5 e-'0 ~
l ~

'+ LSv ~
+5 ~Q
1~LQQ.
LP3 Jc' ~
cc Lcc»
1 S v g rr»
c+J! ~ > ~
357SC ~
34»JJ ~
254C'~e
3 15!-c»
33CQQ
3540 J.
PLZV>.
2S c4C»
3C-gvG
2ovvO ~
2<813 ~
3v2QC ~
41' 0 J»

J IV4J ~
Zr! L~e
25"'VC ~
Zv i 1 C
ZLQJC ~
2LVVC

25893 ~
Pe 1 1 =.
clC3C»
ZLQ i '..
174 J ~
171.! '.
ZLe:0 ~
147JC ~
216CC ~

1654 r ~
1477 3 ~
1CC-' ~
15SC
1'CG»
LeC.

6C
rb vC ~

22:-
Td  Q »~
47v ' ~
5RfC ~
4'C.e
681'
5si ' ~
t,1»re r
hi%
5560»
171' '

18C�C-
C2C�I� ~
LCC,> e ~
204 5 ~
357SC»
24&
2's4 "C ~
'Cl Cl,v v»
3~C.C ~
"54 CC ~
ZLZSc-
ZSL eC ~
3"StC ~
gc t>c»
24et ! ~
3 42 i..! ~
414C" ~

C <»ev ~
1 lve

25."~ ~
2611"
il 03C.
ZLCS- ~

>SQ
e ~LLQ ~
ZL '.. !C ~
a LC» C
1 � 0 ~
1 71 L." ~
2LaCQ ~
14 i-"C ~
». LcQJ ~
SSCO ~
LhrJQ ~
Lv 7:!C ~
LCCQ»
1> aJ ~
i~ 3 ~
 r c ~
rCv ~»

3CCC ~
2250 '
LeCC ~
«lvQ ~
C4 0 ~
45CC ~
e:10 ~ .
C
r. w»»

rlSC ~
P

L7LCC ~
LFCCC
2<r'L � ~
LSCi '.
ZC4 !:! ~
3!!>Q ~
34 L' C 0»
294ag.
JLSCC ~
33000.
354QJ»
~ LPVQ»
ZSriC ~
3CSQ', ~
gesSQ ~
a. t" 13 ~
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~ C ~ 0
040

J ~ .'
.1 ~
~ ~ 1
J ~ '
Je 4

4'. ~
OS v
Ve!
Je J
v ~ e'I I

Je!
Jei
ve v
v 0
4 ~ J
I ~ V
Va !
34!
t 4 e!

geJ
' ~
v ~ Ot

4!
!
~ ~ ' '

Qev'
J

! ~ '.
Pel!
J ~ J
049
.i
0 ' J
0 ~ IJ
CD J
Oe'!
J ~ J
J ~ 9
JeJ
4 AC
OeJ
O ~ "
3 ~ ~
5 ~ !
54~

.3 ~ C
v

34L
-O.p

040
0
C
0 ~ v'
C C
C C

"~ C
C4C
JeV
0 0
C.O
Ce I!
0 ~ C
P ~ Il
C AC
4.C

0
44 V
Cap
C ~ 0
peJ
040
CD i
  ~ .
C 0
pic
Cei
Ii ~ '4
040
4 ~ I
CeJ
Q.c
C 0
CD J

0
040
C ~
0 ~ 0
C av1
i ad
~ ~ J
gap
3.e

04 ~
AC
3
iak
3 0
veC

i ~ 'S

44 4
1»e v
040
C ~
I4 ~ 4
C ~ C

~ C
~ G

C
V ~ I'
4 ~ '.
: ~ 0
C ~ 0
4 ~ v

0 ~
Ca i
0
C

44 v
4 ~ I
V ~ 4
4 ~
Ce 0
04C

rv ~ v
040
La 4
4 ~ v

»II ~ I»
444
i ~  
1 ~ lt
4 ~"
3 ' i
3 ~ II
1 ~ 6
3 ~ 4
4 ~ '1
1 ~ g
34i
3

g ~ g

-y 1
J ~ 4
7 ~ J
. ~ J

~ J
! J

J ~ J
0 ~ J
Ja'!
J ~ J
VS !
0 ~ !
:! I !
4» ~ J
pe J

I! ~ J
'1 j

V ~ J
0 J
J ~ !
o.a
! !
! ~ J

Ila j
Ja !
va J
44J

J ~ J

J ~ J J ~ 0
! J 0

' ~ ! V ~ J
! ~ J 3 ~ J
! ~ J J ~ 9
! ~ 'J ! ~ 0
! ~ J J ~ J
! ~ 0 Jau
! ~ J uap
ta J V ~ P
J4J 04 J
'J ~ O J ~ J
J ~ 'J 9 ~ J

0
J.v ! 0
J ~ J ~ F 0

0 J
Gad 0 ~ p
! ~ J l ~ 3
Jap lal
! ~ J 0 ~ 8
! ~ V Q46
!ai 94%
.' ~ J Pal
J ~ 0 J l
! ~ 0 @as!
! ~, 0 0
1 ~ P 040

'J ~ J Q ~ 0
! ~ J 3 ~ 0
0 ~ J Vap

u.a
! ~ J J ~ O
! ~ J J ~ 8
! ~ '! p ~ 3
! ~ J 04J
! ~ 0 0 0
!-J 4 ~ 0
ie'! ! ~ 0
!.0 J 0



2 ' 5
2 3
! ~ !
2 ~ 3

II» ~ vC ~ r
2 ~ P
2 ~ 7
o ~ 'J
2
e ~ 't
. ~ 3
2 ~ 3
2«l
2«
jo 4
Co»
1 ~
],w
j j
l

«C ~ o
  ~ 6
c ~ ~
C ~ 3
C l
  ~ C
Ie ~ 4

IV ~
J ~ .

Co
C ~
2 ~
2 ~

4 ev 4 ~
« ~
2 ~

2 « ~
C ~
~ ~
2 ~
l
3 ~
l ~
l
~ ~
Qe
'J ~
ee
ve

I ~
e ~
0 ~
» ~

Ve
~,
're
IIe ~ 4 ~ V

C ~ '-!
o

J ~ !

ee3
C ~ 0
Ve 4
4 ' J

~ C
o ~ «
C ~"

jol ~ 4
~ I

o ~ 4
e ~
4 o»!
Ve I

~ 92

LI ~ V

v ~
C ~ CJ ~

J ~
V ~
! ~
J ~

c ~ 4
4 ~ e

~ vV ~
!»0
0 ' 0

e
~ 0

e 4
~ 0
~ C
~ 4
~ »!

I ~ '»
e ~ 0
l ~ 0
J ~ I
"~ C

~ V
'..e
4 ~ 4

~ 6

II ~ V
1 I 'l
G ~ v
doe
J ~ »!
92» ~ 92

tJ ~ .
V ~ V
0 ~ -!
4 ~ V
J ~ 0
J ~ r
»II ~ l.'

,»

e V
~ rI

J J J
»

J

J

' t~ I
~ J

.e J
4 ~ J

0ee
4 ~ V
e ~ J

~ I.
~ 4

ve 4
4 ~»~ o

92v«r
0 ' :
C ~ '!
4«
r «!
V ~ r
lo ~

4 ~ !
0 ' J
2 ' !
2 ~ .'l
t«v
l ~ J
l ~
L ~ "
CD 9
C«o
l' ~ t
C ~ ~
al« l
CD 0
4 ~ »I
Ve 92
Al» «v
0 ~ 3.

»o ~ V

I» ~
'4 ~ ' '
e,«M
0«J
C«!
a ~ 0
C ~ !
C ~ .

0.0
AC
a.;
J ~ "
0 ' 0
0 ~ C
0 ' J
Q«C
0 C
3 ~ '.
0 ~ 0
~«!
U«V
0 «»!

I! ~ r

2 ~ 4
7

2«l
2 ~ l
8 ~ !
2 ~ J
2 ' 3
l«4
l.!

1 ~ J
C ~ 8
3 ~"
0 ~ r
' ~ 9
J ~ l
l! ~ !
4«!
3

Jo!
.!:!
r' ~ !
r»4
'4 ~ r
0 ~ !
J.!
J ~ '
A !
r ~ !
1J ~

3

2«'
2 ' e
F 7

. 2«c
c 2 ~ 6

,2 ~ c
2 ' 3

3 2 3
l 2 ~ l
J 2 ~ 0

2 ~ 0
2«0
leb

! lee
3 le!

lev
c 0 ~ 8
C G ~ c.

3 e ~ 3
d.l

0 AC
0«4

»I4 Col
0 ~ I'.

C Cee
C ~
vel

I ov
v c ~ 2

C AC
V C»4
e Qer

C AC
C.

i Cov
De 0
0 ~ C
CD 0
Gee
9 ~ C
0 ~
0 ~ C
ll ~ C
ded
0 ~ C
I'I C

l. ~ V
Ced

0
e

e ~ !

' ~ !

: ~ !
J ~ J
CD 0
e ~ 0
  ~ J
CD 3
~ ~4 ~ r
4 ~ 0
4 ' J
4 ' J
LE V
C.!
C ~ 0

4 ~ J
C ~ J
i ~ 0
" ~ J
i ~ 3

~ 3
e ~ 9

!
'I ~ 'J

= ~ 0

Je! J J J 0 C~
3 J ~ ' Oeu «!A

J ~ 0 3 ~ ' 3 ~ 0 Q«0
J ~ J 0 ~ 0 3 ~ 0 0«0
! ~ ! 0 ~ 0 J ~ 9 Q«9

J ~ 0 0 0 0 J
J ~ J J«Q J ~ 0 0«0
.!ed '. ~ 0 J ~ 0 0~
J«J 4 ~ 0 J ~ 0 4«i>
}e J J ~ 0 ! ~ 0 d«0
J ~ C 0 ~ 0 J ~ 0 0 0
j ~ i 0 ~ I 3«0 d«J
J ~ J J ~ J V«Q 0«0
v ~ r J ! J ~ 0 dail
J ~ 3 J ~ J J ~ 0 0«0
J ~ ~ J 0 J ~ 0 d«5
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~ r

0 ~ 7
Oa J
! ~
Oe!
t4 ~ t
0 ~ '.
Gad
Q»C
! ~ le
Q»O
0 ~
0 ~ 0
0»i
! ~ 0

A

Oa0
0»'
0 AC
Os!
0 ~ Ol
0» t'
0»
au
0»C
0 ~ 0
J ~ '
Je-
0 ~

1
0 ~ !
Q»J
0»0
0 ~ 0
0 ' 0
0 ' l
0»!
0 ~ tJ
tt!s J

. 0 ~ '!
t!si

0 ~ 0
0 ~ l!
0 ~ !
'! at!
t!aa'
J ~ t!
Oe.'!
J ~ 0

0»C
0 »i!

t! 0
t! ~

4»l
! ~ 0
J ~ C
AC
'J

0 0 ~ 0
J ~ C
a.i
l ~ C

0 ~ C
J ~ C
geh
'Ir ~ lr

C
0 a»i
! ~ 0
!»0
lat.
t! ~ 0
0 ~ i

e 4
  i e tr
:J ~ C
Je r
t»i

-'e 0
-!s i
'! ~ 0

0 4 ~ O
o'p ~ 3
b' !e L
tt
*!. 7
6 »5
6!J »3
0 ~ '�

J et!tl
67 ~ '!
C r ~ 4
'! ~ !L
tee
4v ~ L
6 !»0
.4 ~ 8
07 ~ 4

Qs s
C»C
C ~ C
0 C
0 ~ 4
0 AC
C.C
0 ' 0

~ i
C ~ l
J ~
0»C
Ver
ti ~ C
0 C
0 ' 0
0 AC
0 C
AC
0 AC
C ~ C
G.C
0 C
0 ~ 0

Gsi

J ~ ~
c2. 7
tt2»1

tt! ~ C
0»i
0 ~ tr
,t ~ Q

~ '
7t!e '!
-9 ~ 0
eS ~ 7
e!s 7
'." ~ 2
c7 ~ !!
cT»a
-7»4

67. 8
EC ~ 4
cl ~ 0
c7 ~ C
67 ~ 0
 as%

4 ~ 0

tr ~ l
tr ~
C ~ 4
C ~ "..

C ~ i
Ued
e.0
0 ~ C
C
0 0
c ~ t.t

4 ~ tti
4 ~ 0

~ '
tv
CD 0
tre J
C ~ C
i»C
l ~ V
C AC
C ~ i
. ~ tr

,1
pe

ris ~
art
! ~ !

~ 7
62 ~ 4

f+r ~ 4
~ c

aS»v
t.S ~ 5
7 L ~ tJ
TL !
TE» '
10.
1let!
tS» J
4..2»5
65 ~ t!
eS ~ r
t
L "~ 4
c 7 ~ '!
c C ~ 'r
ac
c S ~ v
cS»3

v ~ '!
re r

'I ~ ~ r

tr ~ ~
t ~ V
i ~ tr
CsC
t; ~ t!

0
1~ 4

4 ~ r
4 ~

V ~ 4
1 str

s V

CD 0
r»J
i ~ t
"r
u ~ !
a, ~ t

7
c.'.r 7

V ~ 4
C ~ 0

TJ»4
73 ~
1 'I

72 ~-
1'

7? J
TL ~ 't
TL ~ 4
TE ~ ~
7L ~ 2
7E ~ 0
1' ~ 8
TL ~ 4
f;»5

1.:
74' ~ 2
14 ~ L
6S

J »V
0»t
"~ !

J ~ ttt
0 ~ t,
t! ~ '!
Q.C
0 ~ 0
t! ~ V
t1 ~ v
4 ~ 0
0 A !
4 ~ I
i!e 4'
t! ~ 4

J ~ C
0 ~ 0
i! ~ 0
0 ~ 0
J ~ t!
0 ~ t!
! ~ t!
0 ~ J
d»U
l ~ J

tt? ~ 1
42 ' 7
c'-'. 7

42»7
J»J
VS J
Oa t!
'0 ~ 0

!
l ~ 4
Jev
! ~ 0
0 ' 0
Qs tl
Oei
t ~ 0
0 v
4»
4 ~
- ~ J
J ~ i
!»C
0 ~ '
'! ~ 0

0 ~ .!
! ~ !
! ~ 4
J ~ t!
! ~ !

! . ~ J
Jsh
J ~ !
! ~ !
! ~ '!
! ~ t!
l'r J
! ~ !
J 0
4 ~ '
reV
! ~ !
Jr J
! ~ O
! ~ J

t-i ~ ~j a

tt2 ~ 4
c? ~ 7
4= ~ 7

~ 7
t:Zr~

'Iet L ~
t. Ze
47 ~
eb,7

!elJ

0 e»t!
l

4 el!
J»C
t! ~ Q
0 ~ 0
! ~ 0
V»0
0 ' 0
0 0
C 0
! 0
Vs i!
3 ~ J
Il ~ 0
0 ~ t!
v' ~ 0
IJ ~ 0
0 »0
0 ~ 0

"2 ~ !!
'42 »4
42 ~ S
o2 ~ S
63 ~ 0
43 ' !

04 ~
~3 ~ 0
V3 e 5
ta J ~

O»0

! ~ !
J ~ t!
Oe !
J ~ tJ
0 ~ J
! ~ 0
!»0
0 ' 0
0»3
'! ~ !
0 ~ 0
Q»0
t! »0

63 ~ 2
63 ~ t!

0lO
iJ ~:!

62 ~ 'J
62.H
c2-5
a belJ
63 ~ L
63 ~ 2
e3.3
4' »
c3»i
e3 ~ 5
c 3.5
O!e5
63 ~ 5
P3 ~ J

0»O

t! »0
t!.J
0 ~ Q
0»0
0 ~ 0
Qsd
G»0

, 0»0
0 ' 0
0»Q

64 ~
63 ~ S
63 ~ 4
64 ~
.~3.5
02 ~ 9
o2 ~ 9
62 ~ 9
a43 ~ l!
o3 ~ i!
cd 0
63 ~ 2
a3
63.5
~3.7

~ 9

4 ~ '!
ct 4 ~ t!
64 ' 0
6$ ~ 5

Q»0
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ceel
4 ~ ":!
t! ! ~ 7

V t! ~ C
t! 'I e0

le '.t;~ ~ 5
cl ~ 8
C7 3
t' I ~ 3
c lot
t   ~ 2
t l.C
t t ~ 1
t, leO
61 ~ 7
67 ~ !!
t! J
c7 ~ J

7 ~ J
f! ~ v
e f.4'.
< 7. t'.

~ ~ »I

t '~ ~ C
L. ~ '!
c.. T

t!

»'e ~

LV ~ t v ~ 92
0 ~ !6'f ~ r

e O ~ 5
~ ~ r

»'O ~ r4

eke1
oie 0
65e0
tkeO
4ie0
6't ~ C
cd t
64!v
heel
6+ ~ 1
66e!
6!!»2
O'C»2
ko! ~ 2
ei 2
e4e2
L'%» 2
vs ~ 3
C'Ie o 7
16»2

~ I tve v
J ~ 0
i 0
J ~ O
Oeo

CL O»
e ~ 7

6,w ~ 0
~ I J

Ceo
t," ~ C
et.C

I ~t' ~ r
t, o e

el.6
c 70t!
t 7 ~ Io
67 ' 2
ttIe J
6 ~ I ~ 6
4..t1 et!

c 5 ~ vl
75e1
t! 7o a!
';, ~ 0

I ~ 0
,! ~ Q

t! 7 ~ 0
t5 ~ 0
6 .I ~ I>
*er ~
J5 ~ v'

J»O
a�
Qo4
0 ~ '»
O ~ 0
! v
J ~ L
U ~ u
O!C
Q! -"
O�
I> ~ V
3o0
J ~ 0
Qot!
O ~"
I

v'

i Cr'e
t t. ~ 1r'
t 1'rO
CO ~ L
t7 ~ 0

ItreL
L 0 ~ v

d
r ~ r

t ~ 7
L ~
I ~

C ~ C
CD 0

'tv ~ t!
ce ~ 6

~ 2
;~ ~ 2
tc ~ 2
eo L
t ~ !
I e
C ~ C
C ~ C
C C
C ~ i
I ~ L
C ~ i
: ~ C

Qi !
0 ~ J
t! e-0
0 ~ 0
0 ~ 0

0.4
0 O
t!»0
4 ~ O
e.a
0 ~ 0
0 0
0»0
Ce0
Qeo

0
0»O

0 ~ .J

J 0.0
Ceg

O ~ v .I ~ J
4 ~ J
Q ~ "..
Oo"
CD 0
t ~ 3
F 7
4 ~ .'
ve r
0 ~ 0

I! ~ !I
C ~ 4
0 ~ v
0 ~ !
IJ ~ 0
L ~ v

V ~ ~
v ~ 3
v ~ J
a I

~ v
0 ~ i
0. C

Lt ~ J
g.n
J ~ 4
Oe0
0 ~ 0
OeJ

! 0 ~ 0
3e!!
0 ~ C
0 ~ I
Oev
Je!
Oeb

!
t!e 0
'! 0
OeC
t! ~ t'I
y.r,
Je>

- 0»C
0 ~ t!
4e t!

C
0»C
3e

C92 o4
E.o v
C
~ I IIL ~ e
e ~

C ~
C.C
C C
C ~ i
C»C
Q!C
C-C
I ~
t ei
C.C
CD 4

'4 ~ 4
C ~ C
C ~ C

! ~ t!
Jev

J ~ L
J ~ C
'> ~ t

de

O ~ J
J ~ C
'! ~ v
V@4

~ I
Goi
C ~
C C

0 ~ L
V ~ L

'Ivot
0 ~ C

'!e v
Je»
n»O
0 AC

'Ire ~ I
C ~ C
L ~ L
Iee V

C
L ~
i ~ C
C!C
C ~ v

t. » ~ h
t!» ~ 7
c» ~ t
!I e ~ L
t!+ eC!
6 ~ ~ O
Hea
t!!o&
y!! ~ W
t ! ~ t
ver
v o
v ~ C
0 ~ 0
Oo
Co0
wov
C
I> ~ J
1.' ~ 0
Ge0
0 ~ 4
t!eO
Ve Ll
0 ~ !
4 ~ L'
J.Q
0 ~ 0
eke 4
0 ~ 4
0 ~ J
'!o0
-3 ~ 3
ve r
4 ~ t'.

! ~
'C ! ~
t'ot

tt 5
66 ~ C
6C. ~ I
6ev ~ 0
tt ~ e
tveC
t!L o Lr
t.t ~ v
to ~ C
tc ~ C
' !> ~ 6
t5 t1
c5 ~ t!

> ~ 2
e5,0
t!!o f,
6~.e
t t! ~ 4
t » ~ !t
c41 00
t.» ~ K

er ~ V
0 ~

re !
~ 0

I ~
~ I~ !I

C ~ C
0- C
0 0
W ~ t

C
0 ~ C
4- C

v 0
n.O
0 ~ 0
4 ~ 0
Qov
4 ~ 0
h ~ 0

ev ~ 92
-- t! ~ 0

"~ 0
0 C

%»0 IJ ~ 0
'! ~ 0 0 ~ J
Jeo C ~ 0
t! ~ 0 CO
1 ~ Q t'. ~ 0
t! ~ J Oev
Qe J Qoo
0»J 4 0
I! e3 0 ~ !!
J ~ v' 4 ~ O
! ~ 0 Oeo
Joo 0
Jeo Goo
0»Q 4»0
CD J Oot!
VS 0 t!e3
0»4 4~0
' eC Vev
ueJ 0 ~ 0
!ot! Oo.v
>ov 0 ~ U

C ~ I
!eo 0 ~ 0

C»J
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CD 0 .Iive V
4 ~-

v ~ re
Vss
!ers s

v ~
v ~ 4

re
' ~ 4

's ~ 4

! ~ .'

J ~ 0
JeJ
0 ~ 0
v' ~ J
c.a
0 ~ C
QeL'
'!e0
3 ~ 0

J ea.
0 ~ J
0
Oe!
0 ~ 0

.3 ~ 9
0 ~ VJ
0
! ~ 0
!e!
0 ~ s

re V
C C
4".3
C ~ 'J
ice 0
CD J
C ~ C
Ce'J

0>

.0 ~ J
! !
0sd
Ce!
-0 ~ C
CeJ
Os J
0 n
C ~ 0
0
0 ~ J
C ~ 0
3L L

2
ll e3
VO s r

7L ~
ile7

re
3 ~ 0
'! ~ ~ ~

.> ~ 0
3 A !

~ V
0 ~ '
J ~ '
J ~ 0
CeQ
J ~ '
0 ~
! ~
! er>
3-0
3 ' 0

. I! ~ 3
J ~ >!
VeJ
! ~ 0
J ~ 0
IJ ~ J
2 ~ 3
'I

! ~ J
JsJ

!
' ~ J

3! ~ s
3 'i ~ e
J!sO
3!eJ
31 ~ 4
!
0 ~ .'
! ~ J
3L ~ 2
ilsZ
3 ~ o
3L ~
BL ~ U
il ~ 0
3L-O
3v ~ 7
i! ~ o
3l ~ L
'3L l
!l
3 Le l
!L
3'L ~ 2
3L 3

ve v
'J ~ v
Ce0
t- ~ 0
vs@
4e0
0eC
C ~ 0
JeC
Ve !
i! 0
Oe0
' ~ 0

Os 0
0 ~ 0
vs 0
ve 4
4 0
4 ~ rv
C ~ 0
Oe0
34 ~ C
ji AC
C 0
0 ~ C
n ~ �
3we L
c~ ~ 5

30 ~ C
30 ~ 0
29 el
7'". 7

3l l

!l ~ $
>l.0
31 ed
3!eC

30 ~ 8
3Jee

30 ~ 7
30 ' 7
30 7
vQ ~ 8
iv! e 
iJ ~ 4
Pve s
Ji@e S
JOef
3! ~ 7
>L ~ '.

4 ~ v
C AC
C ~ C
C. 2
0 AC
4 ~
s~ ~
C
4I P
C C

eC
0 ~
CeC
'ls ~
hv ~ i
C
I's C
C ~ C
ve 4
3'e9
3i ~ 0

re J
r

~ v

-7.7

22 ' 4
IO

dI' ~ 0
23 ~
3Cs j
30eb
44s 7
3Csa

�eZ
!' ~ v

34
~ 7

34 ~ 7

~ 5
~ 8

1 ~ 0
3 se
3 t5

VeJ
Cs
. ~ C
4 ~ v
Cev
r ~ is
C ~ C
Vs 0
C ~ C
C ~ C
C ~ v
C ~"
4 ~ I

0
C

A92v ~
33 ~ 8
!!sd
3 J ~ '!
33 ~ 4
Ce 
t. ~
1/
27 ~ 9
h71 ~ 7
27. 7
2.' ~ 0
2'
2i. 7
ice '
C'ls7
2 s!> ~ 7
2 II ~ 7
3C ~ L
3i ~ L
3'! 2

34 ~
5Cev

!C ~ i
-' reo
!C ~ 7

~ 1
1' ~ i
3C ~ i
3'v ~
'l ~ J
44 ~ 4
3L ~ 4

Ve
' ~ L
3 ~ r
'! ~ 2
J.C
CeC
U ~ 'J
! ~ C

JeC
!ev
Je Lt
J ~ I.
J ~ J
3 ~ 0
0 ~ 1
33 ~ 7
Ji ~ 7
3! o
3!eo
3> ~ ~
r ~ C

Vs 4
~ v

j ~ 0
4 ~ I
b'av
! ~ 4

J ~  >
Jev
3 ~
J ~ 4
> ~
ve
J ~ C
.r ~ v
J ~ 0
Jev
J ~ C
J ~ C
i ~ 0
3 ~ L:
1 ~ 4
V ~ 4
' ~ J
0 ~ C
! ~ L

os 0
0 ~ v
qe J
'J ~ J
J ~ 'J
0 ~ >3

0 ~ V
0e J
0 ~ J
0 ~ J
0 ' 3
32.9
33 A !
3s F 0
33 ' 2
!JAN 5
33 ~ i
3 1 ~ '5
33 ' 5
3J ~ i
33 ' 5
Ve v

J ~ J
I ~ v

J
J ~ 0
0 ~ 0
J ~ 0
0 ~ 0
J ~ '.I
! ~ 0
! ~ J
! ~ !
lsd
32eo
32 ~ i
33 ~ i
33 J
33e L
33 ~ 5
33
33 ~ >i
33 ai
33
� ~ 4
0-0

u ~ IJ

Ce0
4e J
V ~ J
j2
32 ~
QeJ
Ced
3Z eo
32e7
32 ~ 7
32 7
32 7
33. O
33 ' J
33 ~ 0
33 ~ 3
'3 ~ 3
33 F 3
33e3
33 3
33 3
0 !

0 I3 ~ 0
3L ~ 5
'!L ~ 5
3L ~ i
32>i
32.a
32 ~ '9
jZ.!
32
32 ~ 5
!Z eo
32eo
32.~
32 s9
32 ~ '9
33 ~ J
33 2
33 ' 2
33 ~ 2
33 ~ 2
33 2
33 ~ L
0.!
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'!7 ~ 7
3
C'Ph ~

raOS
~4 ~ 0
3/ai
'% 3 ~ I'I

3l ~ 5
3l ~ 5

32 we
IyiJ
.j ~ C
3iel
33m 1
33m a
3r

33 ' j
@AU

'.l L ~ 7
32' .

7
i' 7
J' ~ 3
32 ~ i

' ~ 5
k'l o%
32ii
3' 3
3 2 ~ .-'
39 ~ Q
33 ~ ~
3.% ~ t
+! ~ C
� ~ C
S3 ~ v'
!3 ~ '
Vo J
J ~ '!

0
.IZ ~ 3

o1
.2 ~ t:
!?i3
.2s4
32 ~ i
'.? ~ 4
3? ik
32 ~ ?
33 ~ 7
33 ~ C
.'3 0
: 3+0
~i ~ 0
:3 t
'3et
3i AC

3 AC
C+C

'0 1

3..aB
~ 3

92 ~ ~ J

~ J
J.l ~ 3
1

PZ ~ J

!! ~ !
~ 4

4.' ~ 'i7

4 r
3 '. ~ !
Jl 'I~ V
r J ~ v
Cot

ii' ~ 3
31
rC ~ ~
!.'a J
%! ~ 3
3' ~ 2

J ~ as.
32 ' l

. ~ 1
! l ~ lJ
3! ~"

J? ~ a
~ 3 ~"
r! ~
Ate '
33-3
tet

C
v ~ li

t

!o iJ
JeC

v C
Jet
C ~ C

0 4a'"
! C
J ~ C
U ~ C
'r ~ t
0 ~ C
JI C
IJ ~ t
0 ~ 1



SAMPLE INPUT - TDLI DO

 DlÃKHSIONLKSS VERTICAL AXES MODEL!

CONSERVATIVE CASE
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0 I
0 I
0 I
0 1
0 I

0 0 I
0 I
0 I
0 I
0 I
0 I
0 L
0 1
0 1
0 I
0 I
0 1
0
0 I
0.1
0
0 I
0
0 I
0 I
0 I

I
0
0 I
0 I
0

180 ~
!Oh
�4 I

303ee
101

2
�07
f445

L
SO
99

�15
222
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55 '
SS ~
55 ~
SS ~
55»
SS»
5S»
55 ~
55»
55
55 ~
55»
55 '
5'
SS ~
%5 ~
SS»
SS
SS»
5$»
SS.
SS»
SS»
SS»
SS ~
55»
SS ~
6»6
6+6
b»O
ii» 0
19 ~ 5
Z2 0
j9 ~ 5
23» O
KS.O

55 '
5i ~
55 ~
55
5'$»
55»
55
5'
55»
55 ~
55
55 ~
55»
55»
5! ~
55
,5'$»
55 '
55 ~
5'
55»
5$»
55 ~
55 ~
55 ~
55 '
35 ~
5$ ~

55»
55»
55e
55»
55 ~
55 ~
5$ ~
55
55 '
55 ~
55»
55.
55.
55 ~

5S ~
e5 ~
55»
5$ ~
55
55»
55 ~
5'$»
5~ ~
55»
55
5'
55
55
55 ~
55 '
5'
55 ~

55»
35»
SS»
5>e
55
35 ~
55 ~
3$.
55,
5'
55 ~
55
55
55
55 ~
55 ~
55 ~
55e
5'
55 '
55 '
55 ~
55»
55»

55 '
S5» '
5>»
'55 ~
5$ ~
55 ~
55
5$»

5!»
51 ~
55 ~
55»
55 ~
55 ~
SS»
55 ~
$3
5$
55
5'5 ~
55 ~
55 ~
55 ~
35
53»

C 5$ ~
5S ~
53.
5'$
55
33
55 ~
55
55»
55 ~
55-
5$ ~
Si ~
55»
55 '
55

55 ~
55»
5'
'
pL, ~
5%
r5
55 ~
55 ~
55 ~
55»
$5 ~
$5 ~
rS ~
55.
5$
55 ~
5'
5S ~
WS ~
55 ~
55 ~
5'
55 ~
$5 ~
>3 ~
55 ~
53 ~
5'
55 '
55 '
 ~
55
55 ~
55 ~
55 ~
33 ~
$5 ~
5'
%$ ~
Sing
55 ~
55 ~

O»O '
Oeh
0 ~ 0
0 0
h»0
0» J
0 ~ 0
0 ~ 0
O»D
9»9
0 ~ O
h ~ "I

0,0
O»0
0 ~ 0
h 0

0 ~ 1
0»0
O.a
0» 0
1 ~ A
O.a
O»0
0 ~ 0
0 ~ 0
0 ~ 0
0» ".
0 ~ 0
0 ~ 3
Oed

h 1
h» 0
0» 0
0 ~ 0
h»"
0 ~ 'i
O.O
0»0
0» '!
04 0
0 ~ 0
0»0
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17 ~ !
L3 4
�sl
22.0
19 8
�+8
14 7
21 ~ 3
23 4
!9 4
19 ~ 2
ZDs5
� 4
2+ 4
2&e Z
24i0
27mb
33 0
32 ~ 9
3le9
33+8,
33 S
1!a4
31 ~ 4
36i2
37+4
3507
4!,>
45mb
44oS
4$e 0
k 8
k~5
44 ' 3
S9~ 7
54 ~ 5
4ii4
42+3
4SoS
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SAMPLE INPUT

TDLXDO

 DZMENSIOHLZSS VERTICAL AXIS MODEL!
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SAMPLE XNPUT - TDLXDO

 ZlZMENSZOHLZSS VERTICAL AXIS NODEZ !

D.O. - B.O. D. CASK



410 ~
]00
jr&8

35 56+
101

2
1407
1445
3

50
99

�
2212
0 2
0�2151
4502 ' 51

Oe00 0Oo0000115
.OOe59

Oid
0 0 0 0
0 1
0 1
0 1
0 I
0 1
0 I
0 I
0 I
0 I
0 I

0 0 1
0 1
0 1
0 L
0 1

0 0 1
0 I
0 1
0 I
0 1
0 1

1
0 1
0 1
0 1

0 0 1
0 0

I I
I

I I
I I
1 1

L
I I
I I
I I

I I 1
1 1
I I
I I
1 I
1 I
1 1
1 I
I I
L I

1
I

I I
I I
I

L

0 ' 0
0i 0

0 ~ 0
0000
I I I I
1111
1 I I I
I ! ! I
I I
I I I I
I I I I

I I I
I 1 I I
I I I I
1 I I
I I I I
I I I I
I I I I
I I
L I I I
I! I I

'L ll
I I I I
I I 1 I
I L I I
1111
1111

1 I 1
1111
'L I I
I I I

I
1 L I I
I I I I
1111

~ 00957
0 0

0000
I I I I

I I I
11 11
I I I I
I ! I
I I I
I I I

L I I
! I I
I I I I

I I I
I I I I
I I I I
I I I I
I 'I L

I I
I I I I
I L I I
I I I I

I I I
I I L I

I I I
! I I I
L1 1 I
1111

111
I I I

I I I I
I I I I
I I I I
I I I L

000
I I 0
I I 0
	0
I I 3

I
I I 0

I 0
I I 3
I I 0
I I 0

! 0
I I

0
I I 0

I 0
I 0

1�
I I 0

0
110
L 10
I I 0

I 0
I 0

I L 0
I 10

L 0
I I 0
L I 0
I I 0
L I 0
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011
011
OLI
0 L I
011
011
0 1
011
OLL
0LL

,0 LL
0'L 1
011
011
0 I I
000

6074»
6076»
6074»
6076 ~
6076.
6076
6076»
4076»
9104»
4076 ~
6076»
9104
9104»
21266
18228 ~
18228
18228 ~
18228
IBZ28
36456»
42352
45570 '
'30380»
34456»
27342
3038'3 ~
30380 ~
30380
3038t!»
27342»
33418
36456.
36456
334 LB ~
27342»
24304 e

1111
1 I I

1 ILL
L I I
I 111
1111
111
I I I I
1 Ll I

I LI
I I 1 I

L 1 I
1111
1111
I I I I
0000

60 Tb.
6076»
4076»
4074 '
6076»
6376.
6'! 76 ~
6076e
910t
c>l C.
60
9'L 04 ~
9IG«
2126t
I BZZ8»
L8228 ~
I 223
18228»
18225-
36454»
42 352 ~
45 ~70
30380»
36456»
27342.
3>J 380 ~
3v'3>E ! ~
3038>!.
303>t 0»
2 7342 ~
3341 8 ~
3o 456»
364'be.
334L 8 ~
ZT3«Z-
24304»

1 11
1 I I

I 1 I I
I l I
1111

I. I
11 11
L I L I

1 I L
I 1 1

I 1
I l. 11
I l 1.1
I I I I
I I I I
0 0 Ot!

6076.
c>0 76»
4076»
4074»
6 074.
6 076.
607O ~
C 376
9104
c0>6
&QToe
c EQ4
clC4 ~
212oe ~
LS Ze»
18228 ~
It'2 8
18228 '
18228 '
36I» 56 ~
42 352 ~
45�'! ~
30 >t '!»
36,« 56.
27342,
333 ttpe
303 BO»
'10'5 %0

30380 ~
2 7342.
33418 '
:-6456 ~
3645 6»
33418»
27 '»2
24 304»

I I I
1 1 I I
L 1 I I
I L I I

'L

I I I
I I I

I I L I
I I 'L
1111
I I I I
111
I II 'L
I I 1 I
I I 'L 1
t! 0 0

63 76 ~
6076.
av 7&»
o076
c>0 76 ~
607be
r 076.
e,074.
9104»
60
t,ii76 ~
9L"4 ~
410« ~
ZEZoo ~
l8228 ~ .
18228»
13225 '
18228
LB229»
3o«56
4Z352 ~
4557C
3C380
36456»
2.7 342 ~
30380»
3C383»
3C340 ~
303 5>!
27342»
334L Be
3a«5 !»
34454
3341 Re
27 «42 ~
24304 '

0
~ !
a
0
0

0
0
0
0
0
0
0
0
0
0

C,QTee
avToe
t.>l76 ~
4076 ~
r»070»
a 076
6 CTa»
t>! 76 ~
910«»
C" ~ ~
c 07oe
oLO»»
0 'L 92r«e
?EZoo
L322tt ~
i&228 '
IoZZB ~
16228»
Lt ZZR ~
3c.4iae
4?352 ~
'>5! Tp»
90~ SO»
36456
273«2e
~0>+V ~
333 '0
303 90.
3tllop ~
273+ce
33419 ~
3t>4!ae
3c4�»
334LB ~
2734 ' ~
24304

6076 ~
o076 »
6076»
60 Ta ~
o07t>»
4376 ~
4076»
oQ Toe
'PL04»

UTS ~
.-. 074.
'll>�»
tL »4 ~
?I?ea»
1822t. ~
LRZZB»
I BZ?." ~
1822 8 ~
18228 ~
344!a.
42 S52.
45570 ~
303 +-c> ~
ib«56 ~
2734?
30380»
30380 '
3v380 ~
XP 3ct 0»
Z7 342 ~
334L<»
Na r54»
�4! 6»
33« L>c
2 73'»2 ~
24304»

bl76 ~
Ct! 74
6074.
4076 ~
60 Tae
CQ Tb ~
407c>e
c QTa»
BLQ4»
o076 ~
o'l . 4»
91f4»
91 "« ~
212eo
LBZZB ~
182-"9 ~
Ittl?9»
18 228.
18229 ~
36«Sa»
42352.
«557 }e
3 J3tt0 ~
3o 456.
27342 ~
I �80 ~

30380 '
3V38 3 ~
30 380 ~
2734 2 ~
3341 8 ~
344>6.
3>>45e.
3341 R
27 342.
24304»

6- l76»
6>! 74»
o076»
6076 '
6! T6»
6076
6074»
6076.
9> Q»
60TS ~
a�6 ~
9 104 ~
9LC4.
212aoe
18228 ~
1322'
11?la.
LIZZIE ~
13229 ~
3 > «56 ~
42 352 ~
4557'! ~
303ap.
35456»
2734> ~
30380 ~
30381»
303 80 ~
3! 38u.
ZT 34 Z.
3341>t
3o «54 ~
3tr456»
3341 9 ~
ZT 3«? ~
24304 ~

6076 ~
4076 ~
6076.
4074»
6074 e
6076 ~
6076 ~
6076»
9 104
4076 ~
43Te»
9104»
9104 ~
21 244
L82ZB ~
18228.
l. 8228
LB22>ED
E>5228
36454»
42352 '
«5570 '
3>3380 ~
36456 '
27342-
30380»
30380 ~
30380
33350
ZT342
33418 '
36456 '
364 56 ~
334LB ~
2734Z.
24304»

637f ~
637r,»
6>76.
E,176 ~
t>0 76.
6976 ~
4! 76 ~
617! ~
9LA4 ~
6 >7-' ~
al To ~
9104 ~
rt I';v.
212t u»
192? 9
18228 ~
182?5 ~
LB228 ~
19229 ~
3c 4!a
4235 Z
43570.
30 03 ~
364" 4»
27342
33360 ~
3�9"»
30301.
30330»
27342»
3341 7 ~
36 456 ~
3c>456»
334 18 ~
27 !v 2»
26304 '
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24304,
1822'..
18228 ~
18228.
2LZc 6.
2126 6
l5190 ~
LSL90 ~
l519'!
LZK 52 ~
l5190
l5190o
6076 '
d076.
6076m
6076m
6076 ~
6076
6076
6076 ~
9104«
6076m
d076
9104
9104 '
21266m
18228
1822 rL
LBZZ IL.
18228.
18228 ~
36456.
42352i
45570
30380 ~
36456«
27342
30383
30380 ~
3035r! ~
30380'
2734 2
33418«
36456 ~
3645 b.
3541 Ha
27 342,
24304«
24304 ~
18228
18228e
18228«

2+ 10»
~ »o

1 a."
l.  .:.
Bimbo«
2 L Zbr. ~
151 7i .
15190 '
Ljtrr !
L?15"
1 519'!
15190 ~
6076
4074.
6G re ~
6076
br�oi
607o ~
vC74
637o
9104
6L�6+
607o ~
91 34
'91 34 ~
21i'.c.
LLC -o ~
Loizd ~
I 32! rr ~
1' 8 ~
18228 ~
3645o,

3
 ~
45570.
3039 "i ~
3a456 ~
27342 ~
3U388
303 3L!.
30382
3C38G ~
27342.
3341 8 ~
36456 ~
3445br
3341 8
27342 ~
24304m
24304«
1&228.
13228.
LrL228 ~

243 �
ldr 2~.
182? 4 ~
L82 ~
212 56 ~
212 .e.
l 51 9 ~
151 ~h.
151 ..s
121 42 ~
1 5140
151%i! ~
6076 ~
607c ~
cG74 ~
607o.
607o
6076m
6076
a076.
9104
6076.
6076m
91 G4a
91 "»s
2 1 core ~
122 3
18223
18225 ~
13 28
1822 3 ~
36456
42'52.
4557Q
~C ".3 ~
36455 ~
27.4 w
3G38! ~
30383 ~
3rl3<Qe
3038Q ~
2 73'r2
33418.
34454.
35456«
3341
27342,
243 � ~
2«304i
18?28-
18229
1822rl ~

. -3O» ~
1 229 ~

Lo< '- ~
Zl 2oo«
212bo ~
Lbt !:! ~
151 0!
15 19.! ~
12152 ~
1>19 3.
1519'
6076.
c07o
bG re ~
od ro
oD roe
ev76e
gh76
6076,
9l 04
ec76i
o07
Sl lb+
>1. r ~
? 1266
l zzs.
L H?.? 5
18 '23
LCL? 3 ~
18228
3t 456 ~
42 di? ~
45 57 0.
303RD ~
3e
2734 7.
3C38: ~
$0«J '. ~
3i:s. ~
3C3sO.
27 3«2 ~
33<old
36435»
3645o
33418 ~
27342.
24334 ~
24 Wi� ~
182Z8
LoZZ8 ~
1622 8«

a«y r ~f

Lil 2 ir cii
Lt 2?» ~
18r Jj ~
212ooi
2LZ
1 '5 L 'r .. ~
Lj L«0.
15190 ~
12152 ~
L>190'
151%0 ~
407oo
bCrve
4Groe
L:.7o
bC7o ~
ecru
oGrb
6 076 ~
:1 04
b076«
bCio ~
Sl 04
91 0'r ~
2:2ce.
Lt 'Zo ~
18?28 ~
lt 223.
l82?8 ~
}E225 ~
34456m
42. ~7 ~
45570 '
30 '80'
344 56.
27342 '

C380 ~
3C!BQ~
3038' ~
3 '3 q ~ ~
?734 2
33418 ~

45ee
L 4456 ~
33418
273'r 2 ~
243! « ~
24�4 ~
L 6''23.
1 k. r ~de
18228.

24304 ~
Lrl?Zo ~
1 822rr.
L8?28 ~

Lzoe
Ztiboe
15L ru ~
15190 ~
15 L9i' ~
LZL52e
L519G ~
LSL90 ~
oO 76 ~
o07o ~
onrg
6076.
o076
4376 ~
bi! 74 ~
bOru ~

60 76 ~
6076 ~
'7L 04 ~
91 04 ~
4! .46 '
L 5 'r 7 rr ~
1 e. 2 a.
LiLZZ P.
1 822 ir ~
18228 ~
SO4>br
42 L52.
«jsr0.
30380 ~
3645o.
273«2 ~
303RG ~
30390 '
!r!lsO
3O3~O.
27342«
33«18«
io«56
le4«b ~
� rid»
27342
24'u4.
243C4 ~
t8228 ~
i~22 8 ~
LrL228 ~

241' r ~
182. ~
18Z: < ~
11228 .
?L?of
2124.; ~
l5th'! ~
1 5 lo.! ~
1519 J ~
12152~
15190 ~
15190 ~

2«3}4 ~
1a28.
1322' ~
1 $228 «
? L26b.
2 L26r.
15 190 ~
Lit90.
151
L?152 ~
15190 ~
'L519v ~

24334 ~
18'F28.
L32?8+
13228 ~
212ee.
ZL266 ~
tet4Vo
15190.
15l90 ~
12152.
L 5190«
15190 ~

2 r'!O«,
1"?2 i.
1< ~Zs ~
1 '.>2 ~ ~
212' 5.
2LZ' oe
1'! l9 i ~
1 eton
1'r to! ~
12L52 ~
15 190 ~-
LBLSQ ~
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212
212

L21
151
LSL

OeO
0 ~ 0
Qe0
CeG
0 ' 0

0 0
GeO
Ge0
0 0
0 0
2040

aea
0 0

J ~ 0
0 ~ 0
234' 2040e

21266 ~
jL266e
lS19tJ.
LSLGO.
KS 19'3

152 ~
15 190 ~
thl90
Oe0
Oe0
OeO
Oe0
0 ~ 0
0 0
0 ~ 0
0 ~ 0
Oe0
0,0
OeG
OeO
OeJ
DeG
Ge0
OeO
O.O
0 0
Oe0
Oe0
Qed
OeG
OeO
Oe0
Oe0
Oe0
OeG
OeG
OeO
OeO
OeO
O.a
O.O
OeO
Oe0
0 0
De 0
Oe0
OeO
DeD
DeO
DeO
Oe0
Oe4

PL2'6 ~
?L!ch
L iL9': ~
15 t9'e
L'>193 ~
L2152 ~
1519'
1519Qe

3 ~ 0
0 0
GeG
0 ' 0
!.0
!eG

6 ' 0
0 ~ 6
0 ~ 0
0 ' 0
0 ~ 6'

3 ~ 0
0 ' 0
6 ~ 0
CeG
aeO
6 ' 6
CD 0
0 0
0 ~ 0
GeG
0 0
6 0
0 0
GeO
Geo

0
0 ' 0
QeG
0 0
QeG
0 0
0 ' 0
0 ' 0
0 0
0 0
aeG
OeO
GeO
0 0
G.O

0
OeO

266 Z12boe?L
21
15
L5
LS
12
L5
15

Ge0
0 0
Qe0
Qe0
0 0
2040
GeO
0 ~ 0
Geo
0 0
0. 0
0 0
0 ~ 0
0 0
0 ~ 0
0 ~ 6
0 ~ 0
.! ~ 0
0 ~ 0

0
0 ~ 6
0 6
0 ~ 0
0 0
QeG
Geo
Oe0
6 ~ 0
0 6
0 0
0 ' 0
0 0
Ge0
OeO
Oeo
0 0
0 ' 0
0-0
0 ' 0
0 ~ 0
0 0
0 ' 0
GeO
OeO

26' 21266
LSD LSL!! ~
190e 1rrt l~ ~
1~0 ~ 151 ~O.
152 a 12152 ~
1 9Oe L >19O.
190' 15193 ~

Geo Oea
C ~ 0 0 ~ 0
0 ' 0 0 ' 0
0.0 0.0
0 ~ 0
2 J40e 2043 ~

0 0
C ~ 0 0 ~ 0
0 ' 0 0 ~ 0
Qe a Q.a
0 0 0 ~ 0
0 ~ 0 0 0
6 ~ 0 6 ~ 0
0 0 0 ~ 0
0 0 O,G
0 ~ 0 0 ~ 6
040 0 0
0 ~ 0 0 ~ 0
0 ~ C Oe0
03 OC
6 ~ 0 CD 3
0 ~ 0
Ge 0 GeG
0 ~ 0 ! ~ 0
C.a G.O
Ge0 0 0
0 ~ 0 CeQ
0 0 J.G
0 ~ 0 0 ~ 0
0 ~ 0 0
0 ~ 0 Ge0
0 ~ 0 Oe0
0 ~ 0 Ge0
0 ~ 0 GeQ
Ge 0 Ge0
6 0 0 ~ 0
0 ~ 0 0.0
Ge 0 Ge0
0 ~ 0 OeG
Ge 0 Ge0
V.a O.G
O. 0 G.G
0 ~ 6 Qe0
OeO GeG

46 ~
v'4 ~
'la ~
>Ce
93 ~
52 '

90e
GeG

GeQ
J

J ~ J
204! ~
!e3

6 3
CD 0
0 ~ 0
3
'J ~ G
Je!
GeQ
J ~ 0
n.a
'! ~ J
0 ~ J
6 ~ J
0 ~ !

Ge!
Ge!
6
0 ~ 0
0 ' 0
9 ~ 0
Je'!
6 ~ J
J ~ J
0 ~ 0
0 0
0 0
OeJ
0 ~ 6
QeJ
0 0

0
GeQ
0 ~ 0
0 ~ 3

Q GeQ

>1266 ~
21266 '
15 LOG ~
15 LOG
15190 ~
12152 ~
15 L90 ~
15190 ~

GeG
0
Oe0

0
J ~ 0
2040 '
CD 0

6
0 0
v o
0 ' 0
0 ~ 3
0 ~ 0
0 ~ 0
6.0
6 ~ 6
S.O
J ~ 0
! ~ C

0
0 0
GeQ
Qe6
0 0

0
0 0
Qe 0
3 ~ 0
0 ' 6
0 0
J ~ 0
OeG
0 0
0 ~ 0
0 0
Oe0
! ~ 0
! ~ 0
0 0
0 0
0 0
Ge0
0 ~ 0
Geo

3-3
0 ~ 6
0 ~ J
J ~ 0
9eG

0 Ce0
0 ~ 0
0-0
GeG
0 ~ C
9 ~ C
ee ~ 4
J ~ 3
J ~ i
0 ~ 3
0 e0
Oe0
! 0
0 0
0 ~ 0
0 ~ 0
0 ~ 0
0*0
5 0
0 0
0 4
! ~ 0

h
Qe0
JeG
0 3
n.Q
GiG
0 ~ 6
6 0
0 0
0 ~ 0

9 ~ 0
0 ~ 6
0 D
GeQ
0 0
0 6
OeG
GeO
0 6
GeD
0 0
OeG
CaQ
JeG
JeG
GAD
0 0
OeO
GeQ
Ge0
QeG
G.a
GeO
QeQ
QeO
GeO
0 0
Qe0
Gi0
QeQ
QeO
QeO
OeQ
G.a
GeO
0 0
J ~ 0
Qeo

6 ~ J
6 ~ 0
0 ~ 0
6 ~ 0
GeQ
0 ~ 0
Ge!
Oe3
Q.a
9 ~ 6

0 0 ~ 6
Oe!
0 ~ 1
0.6
0 ' 0
Oed
J ~ 0
0 ~ 0
0 ~ 6
0 0
0 ' 0
a.a
0.0
a.a
0e0
OeO
G ~ 0
0.0
0
3 ~ 0
OeG
0 0
0 ~ 0
0 0
QeQ
0 ~ 0
0,0
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0%0
0%0
a.o
0%0
0 0
Dea
0 0
0%0
0%0
2040%
0%0
372% 0
0 0
0%0
C.O
583. 0
0%4
0%0
328 ~
0%0
0%0
OeO
D%0
0 0
535 ~
0 0
4 0
4 0
4%0
OaO
0%0
0%0
0%0
0%0
0.0
0%0
0%0
0%0
0%0
0 0
0%0
0%0
a.o
0%0
0%0
0%0
0%4
0%0
0%0
0%0
0%0
0%0

0 ~ 0
0%0
0 ' 9
0%0
0 ' 0
0%0
0 ~ 0
0 0
0%Q
204 3 ~
l ~ 0
372 ~ 0
9%0
0 ' 0
0 ' 0
583 ' 0
0%0
0 0
328%
0%0
0 ~ 0
9%0
0%0
0 ' 0
535 ~
0%9
0%0
0 ' 0
0%0
3%0
0%0
0%0
0a0
0 0
0 ~ 0
0%0
0%0
aa0
0 ~ 0
0 ~ 0
0 ~ 0
0%0
0%0
0 i!
0 ~ 0
a.O
0%0
QaG
0%4
0 ~ 0
9%0
0%0

0 ~ 0
D.C
0%0
De a
0 ~ 0
0%0
0%0
0 ~ 0
0%0
2040%
0%0
372. 0
0 0
0%0
0 ~ 0
583 ~ 0
0 C
0-0
328 ~
0 0
0 ~ 0
0 4
0 0
0%0
535 ~
0 0
0 ~ 0
0 0
0 ~ 0
0 0
0 0
0 ~ 0
0 ~ 0
0 ~ 0
675 ~ 0
Qa0
0 4
0%0
0 0
0 ~ 0
0%0
0%0
3150 ~
0 0
0 ~ 0
QaC
0 4
a.o
0 0
0%0
0 ~ 0
0 ~ 0

Q ~ a!
Oa J
QaQ
0 ~ 0
0 0
0 J
0%0
4. 0
0 ~ 0
2 OTIC.
Q ~ 0
372 ~ 0
0 ~ 0
17. S
0%0
583%0
0 ' 0
0-0
328 ~
0.0
0%0
0 ~ 0
0.0
0 ~ 0
535 ~
G.n
!i5a 0
3.0
2i 50
J ~ 0
0 ~ 0
0%0
21+ ~ 0
0 ~ 0

675 0
0 ~ 0
0 ~ 0
4~%5
0 ~ 0
0 ~ 4
0 ~ 0
0 ' 0
3150%
0 0
315 ~ 0
0 ~ 0
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4! ~ J
6! ~ 0
i! 0
as. 8
ds ~ O
45»0
esto
42«O
65 ' 0
45 ~ 0
45. O
as.o
es. o
h>«J
as.o
65 ac
45 ..3
es»4
45 ~ Q
65 ~ 0
65 ~ 0

as ~ 0
as ~ Q
a! ~ 8
is ~ IJ

45.J
45 ~ Q
45.0
as ~ 0
es»Q
65«o
os»Q
65 ~ 0
65 ~ 0
45 ' 0
65 0
es ~ Q
65 ~ Q
45 ~ Q
as ~ O
4! ~ 0
a5 ~ Q
65 ~ 3
45. O
a5 ~ O
as-o
esca 3
t! C
ts ~ Q
es. c
aS. 4
6! ~ 4
65 ~ 0

4> 0
0> ~ 0
av»o
u5 ~ 0
a!»o
as»o
as ~ 0
aS ed
45»O
45.0
c 3»o
as«o
aS ~ 0
a! »0
as ~ c
e5.0
45.0
es ~ 0
es«0
as.d
as.o
6!»o
as «4
us ~ 0
es.o
as
e$ ~ e
es Q
es ~ o
ds.o
4! »O
65 $0

6SM
45&
a! a
65 «J
ds
45 0
65$'5
bseh
45~3
45 0
as&
65&
bs.a
65$ !
6!
asm
65. i
4 5.0
6'%» 0
45&
45A
65
65 Q
63&
65 3

6'S»Q
aS«d
vs«o
65 ~ o
aseh
45e 3
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!.0
27 ~ 8
28 ~ 0
28 ~ 5
28. 8
29 ~ 0
29 ' 2
29 ~ 'r
29,5
29,8
29 ~ 9
30 ' 1
3O ~ 2
3O 3
30
! 0. 6
3O ~ 4
3v» 7
31 ~ 2
3! ~ 3
31.S
3!-o
3L ~ 9
31 ~ 7

!»0 0»0
27 ~ 7 27 ~ 6
27 ~ 7 27 ~ 7
27.8 27 7
38 ~ 3 27 ~ 9
28 5 28»l
28»9 28 ~ 5
29 ~ 0 28 ' 7
~9 ~ 0 2c'
29 ' a 29 ' 0

29e7 29 ~ 3
29»8 29
50»O 29 ~ 6
30 ' 2 29 ' 8
30 ~ S 30,0
30»b 30
30 'r 30 ~ 6
30 ' 8 30 F 6
3! ~ 0 30» r
3' 2 30 ' 9
31 a 31 ' 0
31 5 31 ~ 2
3! ~ 6 31 ~ +

45»0
45»0
65e 0
4Se0
45r 0
4S ~ 0
65 0
4he0
45e0
45 0
65r.G
45e 0
65r 0
65 ~ 0
65 0
65 ~ 0
65 ' 0
o> ~ 0
65 ' 0
45,0
65e0
45eO
45 0
45 ~ 0
65 ' 0
65 0
65 ~ 0
45»0
0 ~ 0
Qr0 .
0 0
0»0
0 0
0 0
Oe0
0»0
Oe0
0 0
Or0
Or0
0 O
OeO
OrO
O»O
0.0
OeO
O»0
0 0
0 0
O»0
O 0
Or 0

65»0 65rO f 5 0 t5 ~ 0
65 ~ 0 65 ~ 0 65 ~ 3 6> ~ O
6% ~ 0 bb ~ 0 CS ~ 0 b>e 0

65 ~ 0 6 v»O 6$ ~ 0
65»a 65.0 b5.0 65.0
65.O c,S.O as.3 e5.0
be 0 65 ' 0 6' 3 n5 ~ 3
65»0 6 . 0 bS.O 65.a
65»O 6' 0 65 ' 0 65 ' 0
45»0 65 ' 0 65.il 65 ~ 0
65e0 cb ~ 0 65 ~ 0 65 ~ 0
65»0 65 ' O 45»O 65 ' 0
65 ' 0 65 ' 0 oS 3 65 ~ J
bs 3 65 0 65 0 bs 0
65 ' 3 a5 ~ 0 bS O 6$ ~ 0
65 ~ 0 65 ' 0 bS ~ 0 45 ~ 0

, 45» ! 65 ' 0 65»O 65 ' 0
65 ~ '! ci5 0 65.0 65.0
e5.0 65.0 65.0 65.0
65 ' G 65 ~ 0 65 ' 0 bS ~ J
65 ' ! aber 0 Ci5»0 65 0
65»U 65 ' 0 65 J 6$ 0
65 ~ 0 65 ' 0 65 3 6$ ~ 9
65 ~ 0 65»0 b> ~ 0 6$ ~ 0
65 ~ G 65 ~ 0 65»'i bS 0
e'S 'i i,5.0 .$3 65.3
65 ~ 3 6$ ~ 0 6$ ~ 0 65 ~ 0

65 ~ 0 bb» Q 6$. 0
0 ~ G 0 G 0 ~ 0 3» 3
30-0 2~.9:..s 29.-i 2r. r
30 1 30 ~ 0299 29 v 29 0
3O ~ 2 3O ~ 0 29 9 29 ~ 6 29»v
3'! 3 3Q ~ 1 30 ~ 9 ~ 8 29 ~ 6
30 ~ a 30»2 30 ~ 1 30 ~ 0 29»9
30» 5 30-4 30. 2 30» 0 2<» 9
30 7 30»5 3C. 4 3J ~ 2 30. 0
30»8 30 ' 7 3O ~ 5 30 ' » 30»e.
31»0 3Q ~ 9 30 6 3t! ~ 5 30 ~ 1
31 ~ 2 31 ~ 0 3C» 7 3J» 6 30 ~
31 ~ 3 31 2 3C 9 3! ~ A 30
31.+ 31.3 31.0 3o.'! 33. r
31 ~ S 31 ~ 3 31» 2 3L ~ 0 3C. B
31 6 3L ~ S 31 3 31 ~ 1 30.9
31-8 3L-7 31-4 31- 3 31 ~ 1
3ie 9 3! ~ 8 3!e7 31 ~ o 31 ~ »
32 ~ 0 31 ~ 9 31 B 3L ~ 7 3! S
32 ~ 1 32 ~ 0 3!»9 3L ~ < 3!» ci
32 ~ 2 32 ~ 2 3?e C 3! ~ 9 31 ~ 6
32»a 32 ~ 3 32 2 32 ~ 1 31 ~ 7
32 5 32.>e 32 W 32 ~ 2 32 1
32 ~ 6 325 3? 4 32.3 32 3
32.6 32.e 32»5 32.» 32.3

0 ' 0
0 0

0 '0 0
O.n
0»O
0 ~ 0
0»0
0 ~ 0
O.n
0»O
0 ~ 0
0»0
0»J
0 ~ O
0 C
'.! ~ 0
0 O
0»0
0 ~ 0
OeG
Oe0
Oe 0
Oe 0
0»0

0
Jeo
0 0

2»le 6
r8»S
29 ~ 0
29 ~ 3
29.5
29»7
29.H
29 ' 9
30 ' 0
30» 1
30 ~ 3
30 ~ 5
30. e
30 7
30 8
31. 1
31.»
3!»a
3! ~ 5
31» b
32 ~ 0
32» 2
32 ~ 2
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32» 6
32»b
32 ~ 7
32 7
32e 8
32 ~ 8
32 ~ 8
32»S
32 9
'32 »9
33 ~ 0
33 0
33 ~ 0
33 ' 0
33 ~ !
33 L
33 1
33
33 ~ 2
33- 2
33 3
33 3
33 ~ 3
0 ~ 0
0»0
27 ~ 4
27.5
27 ' 5
27 ' 6
27 7
27 ' 9
28 ' 4
28 ' 3
28 5
28 7
28 ~ 9
29 ~ 0
29 ~ 0
29» 3
29 ~ 5
29» 6
29 ~ 7
29,8
30 0
'30 ~ 2
30» 3
30 ' 5
30 ' 5
30 ' 9
3le0
31 ~ 0
31 ~ 3

32»b
32 ' 6
32 tv
3Z.7
32 ~ 8
32 ~ 8
32 ' 8
32 ' 8
32 ' 9
3? ~ 9
32 ~ 9
33»0
33 ~ 0
33 ~ 0
33 0
33 ~ 1
33 ~ 1
33» L
33 ' 2
33 2
33 ~ 3
33 ~ 3
33 ~ 3
0 ~ 0

?7 ~ 3
27

27»$
27.6
27 7
27 8
ZS ~ 0
28 Z
28 ~ 3
28-5
28 ~ 7
28.8
28»9
29 ' 0
29 2
29»4
29»6
29 6
29 ~ '9
30 ' l
30 ' 2
3Q 3
30 3
30 ~ 7
30 ' 9
3!.0
3! ~ 0

3!e 2
31»5
3!.o
31 7
3! ~ 8
3! ~ 9
3' 9
32 ' 0
32»1
32 ' 2
3Z ~ 4
32
32 ' 5
32 ' 6
32 ' 7
32 ' 8
32 ' 8
32»9
33 ' 0
33 ~ 1
33 1
33 ' 2
33»2
0 ' 0

ii»6
>L 6
31 ~ 7
3!-9
32 0
!Z ~ L
32 ~ 2
32.3
32»3
32
32 ~ 5
32 ~ 5
32-6
32 ~ 7
32»S
32.9
13 ~ 0
33 0
37 ~ L
33. L
33 2
33 ' 2
33-2
a.o

De 0
0»O
0»0
Or0
0.0
O»O
Or 0
0»0
0»0
O»O
0»O
O»0
Oe 0'
0.0
0»0
0 0
0»0
0 0
0»0
OrO
O»0
O»0
0»0
0 0
0»0
27 ' 5
Z7
27 ~ 6
27 ~ 7
27 8
28»0
28»3
28 ~ 5
28 7
ZS»9
29»0
29 ~ 1
29 ~ Z
29e 4
29e6
29» 8
30e 0
30 ~ 2
30»b
30 6
30»9
31 ~ 0
31 0
31 ~ 0
3te1
3'l ~ 3
3leb

32»5
32
32 ~ 6
32 ~ 7
32» 7
32 ~ 7
32» 7
32,8
32» 3
32.9
32 ~ 9
33 0
33 ' 0
33» 0
33 ~ 0
33» E
3
33 ~ 1
33 ~ 1
33» 2
33. 3
33» 3
33 ~ 3
0 ' 0
4.0
27 ~ 3
27 ' 3

7 ~ 4
Zl ~ 5
27 6
27 ~ 7
27 ~ 9
28.!
28 2
ZS
28 ~ 6
28.7
2R ~ 8
29» 0
29. 2

3
29
29» 5
2% ~ 7
29 ~ 9
30» 4
3<' ~ 2
34 2
3C. 4
3V-7
3C.S
3L ~ 0

32» 4
32 ~ 5
32 ~ 5
32 6
3Z ~ b
32 ~ 6
32 ~ 6
3Z. 7
32 ~ 8
32»8
32» 8
32- 9
33 ' 0
33 ~ 0
33 ~ 0
33 ~ 0
33 ~ L
33 1
33 ~ 1
33- 2
33 ~ 3
33 ~ 3
33 ~ 3
0 ~ 0
0. G
r I ee ~ »

7 ~ 3
7»3

Z7
27 ' 5
27 ' 6
27 ~ 8
28-1
28 ' 2
2803
28 ~ 5
28 ~ 6
28. 8
28 ~ 9
29 ~ 0
29 2
29 ~ 4

5
29»b
2'! ~ 7
29. 9
30 ~ L
30 ~ 2
30» 3
30-6
3Q 7
30 ~ 8

32» 3
32
32 ~ e
32. 5
32 ~ 5
3?.5
32- 5
32 ~ 6
3? I'
32» 8
32 S
32» 8
32r 9
33 ~ 0
33 0
33» 0
33 ~ L
33.0
33 ~ !
33 ~ 1
33» 2
33»2
33 ~ 2
9 0
0.0
J.Q
0 ~ 0
0 0
0 0
0 ~ 0
0 ~ 0
0 ~ 0
0 ~ 0
0 0
0 ' 0
0 ~ 0
0 0
0 ~ 0
0 ~ 0
0 ~ 0
0.0
0 ~ 0
0 0
0 ~ 0
0 0
0 ~ 0
0 0
0 0
0 ~ 0
0.0
0.0
0 ~ 0

32 ~ 2 3'L ~ 7
32 ~ 3 i! ~ <
32 ' 3 $2 ~ !
32 ~ ~ ra ~ s
32.+ s2.3
3P 4 32»3
$2»4 32 ~ 4
32 ' 4 32 ' 4
32 ' 5 32 ' 4
32 ' 7 32.5
32 F 7 32 ' o
32.7 32.6
32 ' 8 32 ' 7
32.9 32.8
33.0 32. i
33 ~ 0 33.'3
33 ~ 0 33. 3
33. 0 33. 0
33 ~ 1 33 ~ 1
33 l 33 L
33 ~ 2 33. 2
33 ~ 2 33 ~ 2
33 2 33
Oe0 0»}



3lo 0
3100
31' 2
3l. C
3L ~ 4
31 ~ 7
31 8
31 ~ 9
32 ~ 0
32~2
32 ~ 3
32 5
32 ~ 5
32 ~ 7
32 ~ B
32+ 9
33 ~ C
33 ~ L
33 ~ 1
0 0

3L ~ L
3l 2
31 3
31-5
!LE 7
31 ~ B
3L
32 ' 0
32.2
32 ' 3
32 AC
32 5
32 ~ 5
32.7
32.8
33 ~ 0
33 1
33 ~ 1
33 ~ 1
0+0

3L ~ 7 3Le5
3L ~ 7 3L ~ c
31,.8 31.5
31 ~ 8 31 b
32~0 3 L ~ 8
32 ~ 1 31
32 2 32.O
32~2 32+1
32 C 32 ' 3
32e5 32 ~ 4
32 F 4 32 ' 5
32 7 32.e
32 ~ 7 3ie 4
32 ' 8 32~7
32 ' 9 32 ' 9
33~0 33~0
33+ L 33. 1
33e2 33 ' 1
33e2 33 ' 1
0 0 0 0
4+ 58
4 57
er55
l9 ~ 53
19 52
2240
19 18
22 ~ %7
LBel2
174LO
13I 75
D007
22e 05
19 ~ 8
lT ~ TB
ls ~ el
ZL 32
22 ~ L3
19 ~ ST
L9o2
20 5
L7.41
2C 34
Ze.2
2Ce 0
27, 77
32~ 85
32 93
3l ~ 93
33~ 83
33 AS
31 +37

31 ~ 0 0 0
31 ~ 0 0+0
3' ~ 2 0 ~ 0
31.3 0 ~ 0
3lee 0 ~ 0
31 4 0+0
31 71 ~ 0
31.8 O.O
31 90 ~ 0
32 ~ 0 0 ~ 0
37 ~ 2 Oe0
32 C 0 ~ 0
32 ~ C OI0
32.6 C 0
32 ~ 8 0 ~ 0
32 9 0 ~ 0
33 00 ~ 0
33 10 ~ 0
33 1 Oe.0
0~0 3 0
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31 ~ 36
36 ~ 22
37 ' 42
36m 7
4L ~ 46
45 ~ 63
46m 45
as.oe
Me79
64~77
48m 31
$9~7

~ 54e %$
67~ 43
62 0
6$i 0

e ~
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OUTLINE OF PROGRAM COMPUTATIONS

The following description, in logical step

form, gives an indication of the computational

flow of NABS-TDLIDO or TDIIDX. Indications will

be made where needed to show how the flow differs

for conservative  salinity! and non-conservative

 D.O. � B.O. D.! water quality indicators. This

outline, in no manner, is meant to represent a

comprehensive flow chart for the program, hut

provides a useful procedural insight to its opera-

tion. Nore complete indications of each subroutines

function is indicated in that section.

 l! The initial heading  NABS-DO-BOD! is printed

�! The initial data fields with dimension

.' NNAX,NNAX! are preset to 0.0

�! The data as noted in the data requirements

section is read  except for the velocity

or any other time varying data!

�! Subroutine FIND is called which using the
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boundary conditions and the grid computation

fi,eld H H,H! sets up control numbers for the

di f f er enc e equations looping

�! Initial values of variables are written

�! Subroutine DECAY is called to compute the

B.G.D. coefficient, of decay  skipped for

conservative case!

�! Subroutine SOLI% is called to compute

oxygen saturation values  skipped for

conservative case!

 8! Time looping starts  NST ~ l number

of time step!

 9! Subroutine VELC is called to determine

velocity field

�0! Subroutine DZFFU is called to compute the

dispersion coefficients -if they have not

been read -in the x and x directions from

empirical formulas

 ll! Subroutine REAR is called to calculate the

surface reareation coefficient  skipped if

conservative case!
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�2! Initial mass density values LS  N,M! for

S.O.D. are stored in the working table

matrix CO  N, M!  skipped for conservative

case!

�3! Xnitial mass density values COP N,H!

for D.O. or salinity are stored in the

working table matrix CO H,M!  skipped

if B. 0. D. looping from l2 has begun!

�4! Using computational control NBD as set

up in subroutine FZND the mass density

on each column N is computed and stored

in working table matrix CT N,N! using

subroutine BOVAL to determine the open

boundary conditions

�5! Values of CT N,M! are placed into array

CO N, M!

�6! Xf in B.O.D. looping sets LS N,M! ~ CT N,K!,

for D.O. or salinity loop sets COP N,M!

CT N,M! . Therefore, for a conservative

case one pass is made through steps �4!-�6!
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while f or D.O. -B.O. D., the B.O. D. equat ion

is solved first and then the D.O. equation

is .solved, i.e. two passes through �4!-�6!.

This completes the first half time step.

�7! Employing information gathered from reexecut-

ing steps  9! � �3!, then using computational

controls NBD as set up in subroutine FXMD

and boundary values from subroutine BOVAL

the mass densities on each row N are com-

puted and stored in working table matrix

CT{H,N!, using simi1ar arguments for D.O. and B.O.D.

looping.

'�8! If print out, is desired QTST=NPRINT   !],

the computed results are printed and exe-

cution continues.

�9! If punched outout is required  HST = XPUNCH!

this task is performed and execution continues.

�0! The time is incremented by one step  AT! and

subsequent time steps continue by returning

to  9!  NST ~ MST+1!

�1! When NST = NAXST or the number of time steps
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equals the maximum number of time steps

desired, execution is terminated and plots

of the time varying concentrations for

particular points along with the tidal

height  dimensionless vertical axis! or

velocity  dimensional vertical axis!

are printed.

SIMPLE SUBROUTINE OUTLINE AND FUHCTIONAT OESCREPTXON

Main

Xn this description only the solution proce-

dure for finite-difference equations will be shown,

the other functions of NAEN having been more ade-

quately described in the previous paragraphs.

Figure A-S shows how the main relates to the other

aubroutines .

The solution of the f'inite-difference. approximation

to the laterally-averaged. mass-transport equation as

formulated with a Peaceman Rachford splitting tech-
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niche is essentially completed in two steps, The

mass densities for the first-half time step are

computed along each column N and for the second

half-time step along each row M.

Com utation Of Mass Densit On Row N

Taking the first NBD  ! value as formulated

in subroutine FEND it is decomposed into its com-

ponents.  A check of the functional description

af subroutine FEND would be helpful in better

understanding this presentation!. The column N

in which we are computing mass dansities and the

upper and lower boundary conditions are determined

from this HBD value. Having established these

conditions a Dj8 loop proceeds to find the coeffi-

cients of the implicit mass density equation for

the first half time step on each row M until com-

putation from the upper bound to the lower bound

 i.e. H-small to N-l.arge! has been completed for

a given column N. Now a set of recursion terms
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are calculated which incorporate the land-water

or open boundary conditions and back substitution

af the recursion terms in recursion equations

gives the mass densities for each grid in the

column. A similar procedure as outlined above

is carried out until all the active computa-

tional columns have been completed or equivalently,

when all the HBD values have been used.

Cam utation Of Mass Densit On Row M

How using the MBD values as ound in subrou-

tine FIND an analogou procedure to that described

previously is performed for the second half of the

time step but along the M rows.

Proceeding in this manner to solve the finite-

difference equation once on each column I and once

on each row M an entire time step is completed.

For all subsequent time steps a similar procedure

is followed.
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Subrouti~e PLOTS

Subroutine PLOTS sets up D.O.-B.O.D. or con-

servative values to be plotted versus estuary

longitudinal section number. It is designed to

plot any column 5 or group of columns and also

obtain vertical averages over each row N. Control

numbers XGL and IGU control the upper and lower

bounds of the N columns for plotting. If either

or both IGL and ZGU are zeros only the vertical

averages are obtained.

Subroutzne PP".C

This subroutine provides punched output D.O.�

B.O.D. or conservative data at the ZPUHCH number.

Data so obtained can be used for an initial condi-

tion for a subsequent model run. For instance,

if XPUHCH ~ 257 data at that time step would be

punched.
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Subroutine ANSW

Subroutine ANSW prints the ma~ variables computed

or employed during computation:

D.O. or conservative value COP N,M!

B.O.D.

tidal velocites

Subroutine AXVAL

Prints the auxiliary variables computed or

employed during computation

Dispersion DX  N,M!, DZ  8, M!

Reareation Coefficient RAR N,M!

8,0. D. decay doef f icients D{N,M!

Oxygen surface solubility CS  M!

Subroutine FIND

Using the values in matrix H{N,M! which

� � -represents the -grid computation field and the

designation of the open boundary values as given by
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gives information about the 5mundary

type, S describes the lower bound

and R the upper bound

SR

i.e.

SR~GO land water boundiry at both epper

and lower bound of field

SR~01 land water boundary at lower bound

and open boundary at upper ~und

-317-

5$$BD NBC} and HgfBD NBC} values, subroutine FIND
develops a table of numbers for controlling the

starting and stopping of consecutive computations

aver the rows  constant values of N or in the z

direction! and columns  constant values of H or

in the x direction! of the grid system. These

values are denoted as HBD for the columns Tt and

NBD for the rows M.

Values in these tables contain up to eight

digits. By assigning letters to each dig't we may

more easily describe hem. For example, a table

value of HBD 's S>'HOq'NF/LU



the column number of interest

lawez value of active computational

grid M on column NO

upper value of active computational

grid N on column NO

Analogous results are also obtained for the NBD

values

Subroutine SOLUB

This subroutine computes the oxygen saturation

value at the estuary air-mater inferface according

to

C ~ - .0841-.00256 TS! +.0000374 TS! !SS2

+14. 161-. 394  TS! +. 007714  TS ! =. 0000646  TS!

where TS � temperature  'C!

SS � salinity in 5i

Subroutine REAR

This subroutine computes the reareation

coefficient for the D.O. ecpxation according to the
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Krenkel-Thackston �7! formula.

AR??0 ~,000125 l + ~! !  U~!

where

g -' acceleration due to gravity ft/sec
2

U - mean longitudinal tidal velocity ftjsec

8 - present estuary depth  ft!

l/2U*- Ug /C - shear velocity
z

C � Chezy coefficient
K

and correc ted f or tempera ture

RhR  AR20 !  TS !

where

TS - Temperatur { C!

POH - constant

Reareation values are computed only for the grids

at the surface, but artificial reareation may be

included by simple programming.

Subroutine VELC

This subroutine which is called every time

step reads, computes, or presets the velocities

in the entire grid field. If IVEL is greater than
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1 the model at. present  8/72! reads tidal height

and velocity data from a disc data file and forces

it to obey the one dimensional continuity equation

using tidal height as the forcing parameter. Zf

ZVZL L the model can read. data for U and W at

every half time step and assumes a conservative

field.

Subroutine D="CAY

The decay coefficient for the B.O.D.-9.0.

equations is computed fry either  if IZZC = l!

K A2 + B2 H! = D20
D

where A2, B2, and SKK are constants

H � estuary depth

and temperature corrected according to

X {D20!  vl!
b

where Vl � constant

TS � temperature of water
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K M + DB TS! + DC TS! + DE TS!
2 3

where DA, DB,DC,DE are constants and TS - temperature

  c!

Subroutine DIFFU

This subroutine calculates the dispersion

coefficients from empirical relations in both

the x and z directions for IDIF 2. For the x

direction Elders modified formulation is employed

1/2 -1
D 14.3 H U�g!  " + ran

X z

where

8 - mean depth  ft!
T

U - mean velocity at that time  ft/sec!

2
g � gravity  ft/sec !

C -- Chezy coefficient

KR � wind contribution

In the z direction Pritchard's model is used

H
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n g af - empirical constants
~pi P~ P

U - mean velocity at that tj.me  ft/sec!

z � depth measured vertically downward

from NSL  ft!

I � depth  ft!

MH - wave height  ft!

ML - wavelength  ft!

MT � wave period  sec!

R. � Richardson number
i

If IDEC 1 read statements are executed at every

half time step to find D and 0
X 7

Subroutine 30VAL

BOVAL reads the boundary conditions of concen-

tration for all specified boundary points for both

D.O.,B.O.D. and conservative constituents. This

subxoutine is called every half time step and

therefore can simulate a time varying boundary

condition by simply using a read statement in
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place of setting the boundary mass densities con-

stant.

Zt is noted that the boundary conditions are

divided into two sectiors or conservative case

{IPASS = 1! the first set of values are for B.O.D.

on the open boundaries, while the second set are

for the D.O.  IPASS = 2! on the open boundaries.

In the set for D.O., if it is desired to have a

saturation oxygen level boundary at any point on

an open bc"ndary then the mass density 's set

equal to CS   ! of the nearest surface grid

square which has been designated in the grid

computation field  H N,M!] as a one.

Subroutine INIT

Writes the initial array variables or the

initial conditions for the problem.

=GRID COMPUTATION FIELD

ESTUARY WIDTH MATRIX 1000 f t.

INITIAL CONCENTRATION  mg/L!
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IHZTXAL BOD CONCENTRATION  mg j 1!

WASTE LOADS IN 1000 lbs/day

SOURCES OR SINKS OF DO  mg/1!

TEMPERATURE FIELD { F!

TIME AVZRAGE SALINIrV  %.!

AVERAGE SECTION DEPTH  ft!  for dimensionless z axis

model only!

Xn addition the subroutine performs a data smoothing

opexation on the width matrix to eliminate any step

width gradients. The data input ISNO gives the

number o passes through his smoothing ope ation.

Zf ISA equal zero width data smoothing is per-

formed.

Subroutine GETF

Handles initial reading of array variables

H N,M! - grid computation field

B N,M! � estuary widths

JS N,M! � point B.O.D. loadings

DX M,M! - dispersion in the x direction
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DZ N,M! - dispersion in the z direction

COP N,K! - D.O. or salinity

m N,M!

P  N,M!

TS  H,M!

SS N,M!

B.O. D.

sources or sinks

temperature

salinity

The input data requirements in Table A-l show the

format requirements and dimensions to be employed.

Subroutine C~'LOESS

When this routine is included it calculates

the conservation of mass of a conservative sub-
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stance, At each time step the mass in the field is

computed and the total mass input and outflows from

the time the model run was begun are used to calcu-

late the present conservation of mass and is com-

pared to the initial mass in the field at time t=O.

Hence, a determination of the cumulative mass loss

ar gain of the estuary is determined,



Subroutine CONTPL

The stored values of concentrations for each
I

time step are plotted along with the tidal height

 dimensionless vertical axis model! or tidal velocity

 dimensional vertical axis model! for the full num-

ber of time steps the program executes  NAXST!.

PROGRAN OUTPUT

As with other phases of the program develop-

ment the output has been labeled for a comprehen-

sive D.O.-B.O.D, model, rather than left in a

general form. The printed output of the program

can be presented in roughly four groups: title

page, control parameters, initial conditions,

and time step calculated information. Xn an effort

to make as concise and logical a presentation of

this output. as possible a list will be made in

the following pages of this printed information

and an indication of how these results can be
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obtained or suppxessed.

To help in more clearly understanding this

list of program output, sample outputs from

actual computer runs will be presented at the

conclusion of this section. Cases for conser-

vative and D.O.-B.O.D. reaction scheme for

both TDLIDI and TDLIDO will be presented.

To aid in understanding the output matrices

there will be a written explanation of the orien-

tation of estuary surface, bottom and open boun-

daries given in the listings to follow:

 l! TITL- mar

The title page contains the name of the program,

NABS � standing for Narragansett Bay Study. This is

followed by the statement D.O.-B.O.D, showing that

the program has been developed for that particular

water quality system. Information on the programer's

name and address, and the date of last program re-

vision are printed on subsequent. lines.
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� ! CONTROL PARAKETE RS

Included in this section are the eatputs

which show how the estuary grid system appears

after formulation and a list of control numbers

employed to start and stop the looping fm each

of the split portions of the finite difference

equation approximation.

 a! Com utational Con rol Numbers

The number, NUM, of the computational

control and the control numbers for boW the x

direction  constant column N! of computation,

NBD, and z direction  constant "ow K! oZ com-
4

putatxon, MBD are presented. A detailed review

of the meaning of these numbers can be obtained

in the description of subroutine FIND. The

numbers NIHD and KIND represent the total num-

ber of passes or loops through each computation

plus one for the HBD and NBD control neaher

respectively.
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 b! Grid Com utation Field

The number l in a grid space means that

computations are to be performed for that grid

ar that the grid is active,�! zero on the other

hand meaning that the grid is inactive and no

computation is performed. Numbers along the

top of the page represent the column numbers

N and the numbers on the left hand side are

the ro~ numbers N. To orient oneself then, the

estuary surface is in column HKC<-1 and the

ocean bounda~ is at the hot on o the page.

This m&es the river boundary coincide vith the

top of the page and. the bottom contour tovards

the left side of the pageos

� ! XNZTXAL CON DX TXONS

ln each of the arrays presented in this sectio~

' the numbers along the top of the page indicate the

column numbers N from 1 to NMAX  z direction! and

the numbers along the left hand side indicate the
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raw or longitudinal estuary section number N from

1 to EQX  x direction!. For orientation purposes

then the surface of the estuary is in column N ~

8HAX � 1, the open boundary to the ocean is in row

M ~ MMAX, and the open boundary to the main in-

flowing river if one exists is in row M = l. For

a more physica1 approach if the printed computer

output sheet is rotated 90 CCN the estua".y surface

is at the top, the estuary bottom is nearest you

and the ocean and. river boundaries to your right

and left respectively.

 a! Zstuar Width Ha riv 1000

The estuary width matrix as presented

here may be smoothed by a simple averaging process

to alleviate any computational problems caused by

excessively steep spatial width gradients. Therefore,

this output will not agree with the input width field

data but should bear a close resemblance if smoothing has

been used.

 b! Initial Concentration NG L!

The initial concentration of D.O. or con-

servative values are printed.

-330-



 c! Initial B.O D Concentration m 1

Xf the solution to B.O,D. � D.O, equation

is sought the initial B.O.D. concentration is printed

in  mg/1!, while for salinity or the conservative

case this output is suppressed.

 d! Waste loads in 1000 lbs. day

As indicated this represents the steady

. B.O. D. loadings to the estuary in 1000 lbs./day. Time

varying loads can be handled by placing the read state-

ment for this quantity in subroutine VELC. In a con-

servative case this output is suppressed.

 e! Sources or Sinks o= D.O.  ma/1!

To account for various D.O. 15adings due to

zooplankton, phytoplankton, benthic demands, etc. the

steady state sources and sinks or D.O. are presented in

 mg/1!. This output is however suppressed for conservative

type problems.

 f! Tem erature Field F

The constant estuary temperature field in F
0

is presented.
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 q! Time Pvera e Salinit /o

The time averaged salinity profile in  Ao!

for the estuary field is presented. These values should

reflect an average over time which approximately cor-

responds to that used for the temperature field. This

outpost is suppressed for the conservative case.

 h! Avera ed Section De th ft,

The average NSL depth of water columns for

all longitudinal sections  M! are printed for the dim-

ensionless z-axis model only.

Time S eo Calculated >niorr..ation

The information printed in this section can be

obtained at the completion of every step, however since

this adds considerably to computer time only a few of the

time steps are actually written. Specifications for this

output is accomplished by setting NPRIHT   ! equal to

the time step  HST! at. which printout is desired.

In regard to the printing of the fields or arrays,

and orientation of the output matrix, the exact same

format as described in the initial conditions output section

applies. There is however, in addition, the number of the
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time steps  NST! and the actual time in hours from

the start of the program.  Actual time NST *

time step AT!!

 a! Concentration of Dissolved Oxv en m 1!

The D,O. in  mg/l} or the conservative values

at the completion of the time step given is printed,

 b! Concentration of 3.0. D, m /1!

The B.O.D,  mg/l! values at the completion

of the stated time step are printed. In a conservative

case this output is suppressed.

 c! u Velocity Fi ld � FLOOD! -FPS

The u or x directed velocity component is

presented in ftjsec. The notation   � FLOOD! is used

t'o show that a negative u velocity corresponds to estuary

flooding when the ocean entrance of the grid system occurs

in row M = MMAX.

 d! w Velocit Field � FPS

The w or z directed velocity component is

presented in ft/sec. This velocity is positive in the

direction of ascending column numbers H for a given row

� M; <herefore an upwej].jng velocity is positive.
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2
 e! Dis ersion Coefficient for x Direction ft sec

The dispersion coefficients for the x-

direction as based on read. values or a modified Elder>s

formulation are printed.

 f! Dis ersion Coefficient for z Direction ft sec

The dispersion coefficients for the z direction

as supplied or based on Pritchard's formulation are

given.

 g! Reareation Coefficients X 1000000 1/sec!

The reareation coefficients for the surface

based on the Thackston-F~enkel �7! form&ation are

presented. By suitably adjusting the values in this

array in subroutine REAR effects of artifical reareation

can also be i~eluded. These results are suppressed for

conservative cases.

 h! B.O.D. Deca Coefficients l sec X 1000000

The B.O.D. decay coefficients in  l/sec! for

the estuary are printed after having been water temperature

corrected. This output is suppressed for the conservative

cases.

 i! Surface Ovveen Solubilit mcr 1!

The surface oxygen saturation values for each
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estuary section M are printed. This printout is also

suppressed for conservative cases.

  j! Graphs

In order to present the data in a format

for quick reviewing a plotting technique was developed.

The scope of the graphical output is the ability to

' plot any given column H  i.e. dimensional or nondimensional

water level depth! or successive series of columns against

the rows  i.e. estuary longitudinal section numbers!.

For instance if column MMAX � 1 is plotted, the surface

values of mass densities are obtained. En addition, a

vertically averaged set of mass densit'es is also plotted

against the longitudinal estuary section number. Zt is

to be remembered that these plots are for the time step

as given by the previous set of time calculated i~formatio~.

'1 D.O. 1! B.O. D. 2 in m 1 vs.

Estua loncitudinal section number

The D.O. given by the number �! and B,O.D. noted

by number �! are plotted vs. estuary longitudinal section

number. The estuary section number os given in ascending

ordex on the 1eft hand side of the page and the scaled 'by
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the largest value, mass densities are s'bown at the

bottom of the page. The chart number presented at the

top of the page just under the title gives the column

number N for which the plot was execute. If IGL or

ZGU in the read statements are set equal to zero this

printout is surpressed. In the case of a conservative

constituent its mass densities are printed under the

number �! and the number �! is used. simply to descr'be

a reference state,

An abnormality in this XBN adapted special scientific

subroutine is that whenever the 'mass d. mities of D.O.

and 3.0.D. are relatively clos as dete~wned by the

scaling factor used for mass densities' then a �! is

printed. This should hcwever, cause no problem in in-

terpretation as long as the phenomena is understood.

 
! Average IK �! B.O. D. �! m  mg/l! vs.

Zstuar Lon itudinal Section Number

The notations and graph orientation of this plotted

output is exactly analogous to that given above, the

only difference being that all these values have been av-

eraged over the vertical sections or cons ant M rows.
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In addition to printed output the program also

has the capability to provide punched output in the

same format as required for initial mass density or

concentration program inputs. This data is desired

since the time required to "start" the program, that is

to go from a uniform mass density field to its actual

quasi-steady value is the order of many days. Avoiding

this problem can be accomplished by developing a quasi-

steady state condition and using it for the initial con-

ditions to the program thas avoiding , to a large extent,

the "start up" problem. For the D.O. � B.O.D. system

both D.O. and 3.0. D. are provided as output when FST,

the time step, equals IPUHCH, end of the time step at

which punched output is desired. A similar situation

holds in the conservative case however only one array con-

taining the salinity, alkalinity etc. is punched.
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PROGBAN OVZPUT

Conserva-ive Case
TDLIDI

D.O. - B.O. D. System

Cons erva tive Ca se
TDLIDO

D.O. - B.O.D. System
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SAMPLE OUTPUT - TDI IDI

 DIMENSIONAL VERTICAL AXIS MODEL!

CONSERVATIVE CASE
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R r'4'!  ~ r 15!'>4 r 36r 3C eOE
F'!""Al   CF 15 ~ 8!

T PIUF
Ilf At! 1 5 ~ QI ! 5'i~ I> ~ '! f. 11 rGA tS
FI3>'~AT   3F10. S!
I f A,I  >r 4 1 !rect e,it, teL
F!!P" AT I 3f I ! ~ 5!
'r ter'IH!~'> BC r 1
'.N IIeOt i' Itr. +1
I! ! 1PD "t~ I ~ .I IAX
Oh 100 ki=] r4 "AX
JS  I'ett! *0 ~ 0
C S  .'   'I r 'I ! > C 0
ilhb  ;4 crt! *C ~ C
LSt '!e'I! <Cr 0
CO Vr"! <0 ~ 0
CPI'  e: crt�! ~C ~ 0
Ct ttrH! a0 ~ 0
t  N, ~!-0r 0
Ul".r"! e: C. 0
's " r 4'- I=0 ~ 0
0  ! ~ r!r 0.0
OX '  ~ e!r -r' ~ 0
 tl 'tr"!~Q !
4 ' ~ 'e! >0 ~ p.
T S ;,'-'} ~0.0
SS ' i~! ~0.0
CT ~ t l f.IIP
bi SZ g T-" %el 4 X
CAL L rF T F   >I+ x, e~4 x. OI F r 1
CAL . f I'NG  4 '; t. <1Irlt ~ '4rr4X ~,".
CALL l~! �  "II'Axr '4" 4X r 154L T r
T AU~AT/2.
FAx 1~ TAU/  rr ~ 4!� x !
F hx2 Th I/   2. +   DB x~+2! !
FA/ I=TAU/  4, >302!
F AZ2> ThU/�.* 'JI'Z~~Z! !
4!ST ~l
CON t 1 >'UF
Chi.L vELc  Nr;hx.'e4hx, lv'L.i!S
IFl IOIF f 0. 11 GC TG 2 .2
CALL OIFFU h-"4Xr AX ~ I!OZ!
CO' T INU6
IF   ISA . 1 ~   T 11 0  te! 55a .
CAL l. Rf: I' < I ' ~ Yhh ~ i  4X!
CAI t l ~u4
IF  lsALT.r T. l!,0 T ! 555
CALL uFCII~ ! .~AXr ~i AX, I iEC!
CALL SQi UP V Axr>! 4X!
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%55

1105

1301

800

1300

552

553

557
801

CCC
C
C
C-
C
C
CCC

514

C ie  't 1 e! JE
!PASS*2
1F   SAL TehiT 1! G'3 TO 552
C '~eT  'Uf
!F   e'455.L'0 1! Gi! T0 �00
AL PHhv 1 0
 lt'TS< 1 ~ 0
t!F. Thie0 ~ 0
IFTR ~ 2 ~ 0
bfTR! 0,0
Oil 1>01 P~ le vvAX

1 30 1 Te* 1 ~ Ii eeA Ii
CI! I'.e"-! vC 'P t'V ~ ' !
GU T I 8 3 
CLik T  kOIi
00 130C «v 1 e i "A X
Qh 1333 Ie 1, kvA X
Ci+t Iii '! L S  k e"!
ALPVAso 0
e ET 4~1.0
RI; T'8~ 1 ~ 0
RETSieOe0
AFT'�  iel 0
GO T'.I SST
C Tkl   7'JK
 PASS=!
0 ' 5! 3 eer 1 e ii "gX
N! 553 'c~1. W"~X
CI: 'e,"!   ~ k.."}
A .I >~ha0.0
d T A~Q~0
8KTB~Q.O
RcT Sag ~ 0
RF.T8!~eI 0
CU'e T I'- !I
Cn~T!.4!~
CALL 2LeVAL   k+AX ~ ~i.»AX ~ 1 P ASS ekST�!

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

CnAP ITe COP Oa EACH C !L ;~h N

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
gglv 1
t F  EST.~C.,AXST I CC Tn ~,00 '
Cie <T I e Uf
1 i t I' J'e. E 0 s k t k':! ! G C TO '! 05
'eSI'-CH~ ."eh t <:U " I /10m! J" 0
e!g'le V - 'g "~ ! /1" 0 i:S~r'I+�0
e !' t!Rh 'iel.V I /1;,'j-k 5-'Ck «1 i!;lOD-' +1'30
L~kdh 'eU"!-'4S 'CH 1"!i!C30-'4>10033-vf >100
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61
62

63
64

65
66

69

70

71

72

~ FAX 2>< Tt rg hrv,'r! r14'J "Ip'.92 ~ Ii  '; i' I + ~ 5' ~ Wf I'5L +TAIJ+8C+r 4% h ~  !+
CCp +! F 4 I Ir"ikeI.  h ~ ' ~ I-F>Xr+8r+ 3< 'l ~ ~I
f!92 N!*CI �, '~l >-:C-F47'I +aL iri I 'i ~ 'Il I {CC�r r l rCO lARr '<} ! 0

~ 54 4 .lr HA

F 4 7 $ < f 2 + 0   r' h r '~ I r   C C   8 ~ >I I r C 0   I " .~ 'I ! I r F 4 7 2 i i3 L ~ C 7   8 i ir. I +
  C '   < 'r'hi " ! -r,. I I r '4 ! 'I i 4 47 2 ~ ~ 2 r' ". 7   3'I r ~ I ' I C L   ~'I r Ir ! -CO  "  . W ! l
-TAU+ -4, ~ ~4% 'I 'I! ~CSC N .",! OKAPI ~Ar 4 +A h Ii ! >LS h '4! +SET8~i5
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! %~I'!- L
MKhi4r 1
'AFF sRr
9 T 593 >i~MF
Qwgg~ I
8 4!l a r  + 1
 F I«hI «!-FO.~.~! ".O TO 61
Gh TIT 62
5 &4 ~ IrH!aR P4rrI!
C 'h 1 Ih'Uf
' F H�' ~ rr! ~ EQ ~ 0 ~ C! riO TO 63
rn Tn I+
I  !."li u} ~g N
COAT ~uE
I f  'H  ih i~Hi EO ~ 0 ~ 0! GC T'3 65
rn Tn 66
I4 rrh i >''r l <II .i ~ '4!

-rnhTI IuE
IF i  ;q,~s!.VO.O.O! GO TQ 67
GP. TO 68
u «r~N!~O.C
nX Nr~<! C.O
I F  INP'C GT ~ L 440 ~ ++ ~ EO ~ L! GO TO 362
GO TIT 68
U  ~ M+ is@ iC ~ +I
nXI~:. -l =X sr~i
C~'- I I ':-:>E
IF I'  ".-'rF! ~ K'. ~ Oa C! OQ TO 69
rp Tn
OZ lh'r"!~O 0
Il htlr>!~0 ~ 0
C < I{ >i i e < 'l =C 0   hi ~ !
CVL;r I~uE
 P H i,' 'rI,I ! ~ EO.O C! GO TO 71
GO TC 72
CI   '3'4~.' ~ '4 l < C 0   hi " !
a hI ~ "!~Or C
r� hr<}>OrO
CGq I  P t!E
l	mr25+� gr %! +'>  h ~ gW! t8 h hi<! + 1  hH ~ M  ! l
r! L ~ t<   rrr "~ ! t  I   I r "!
I! 2 a Q   lych ~ rr 8 ! r P   h. 4 r r !
53s8  4, '>'0 ! r ft hh ~ 'i ll
A 4 s A   T 4-' r y ! q jh   h, v !
44! 'elm i AX I+H3+4  4r<'0! -FA X2+BI <OX  hr "'0!! 3 c4IILr 3sgtg ~'<iI! +FAX� I4 ~ ljI 9 +! r'FAX2~e4+>X lI  !



5
503

i@0]

]003

l005

lOO6

]QVT

l]00

116

860

«!!
! +442  KI >E  K! !

 

TO ]005

TO 100

+9~~~44 f4�k!~CO i' <!w4Llkhi StAQ~
  0<'4'+iI~Z~eO! !
COQTfkgf
~n ]COD X vF.L
IF K ~ TPovr ! GC TC ]CO]
GO Tn 1002
%0cakt.t 1
E N>F! MC2IK!/442 <!
O k.!r ! ~]02 K!/~%2 KI
GO TO �03
kQa  i]
E  sQ! ~- CC2 K	/  ~~8 K!i 442 «! ~E 
0fvC1~�92 K! 44~ K! + �! ! /  H.'32 K
I]J Li]
'E  I I J! *0 ~ C
C lk  I R~ j
 F  NS~CR EQ ]C+0R i5% K+ECs 1 1 ! GO
GO TO 1006
NQFvHF+1
E ~OF!vQ.O
0 > JF! vCQ k ~ kFF!
CCNT I':ttr
1F  XSwCo ~ FO ~ 0] OA.~S<CH ~ EQ 1 1 ! GO
Gn rn 1008
JL=L+]
E JL!~9.0
'j  JL!~CO hs JL!
C";T! ~ ~r.
0!I ]]OV J+kF ~  .
J J>L i "F +]-J
J]~Li>'F-J
CT ti ~ J]! >E   JJ!+CT ho JJ! tC JJ!
CUNT]'iUE
htjvekU4!tl
GO TC 5]4
CChlT! ~.UF
93 350 ka] ~ V<4X
OA 350 M~]rHNXX
Ch k. «! ~CT   l,,v!
I F   I SXL T. rY. I ! - c TO ]] 5
fF  II'4SSof Qe2! GO TO ]]5
pQ ]]y k~] ~ 4%4X

]]t. %>]ihviX
L S  kr v] vC G k e~l!
GO TO be2

Oh'I I kVE
'lA 860 '~< 1 ~ +v4X
'lrj "60 k~ I ~ I'"44 x
C~> b'av! >CC  XI%!

- TF ISaLT.rT.]I ra TO ea2
I P4SS~] P 4 SS-]
GO T ] ]]C5

0  k, k! eAET5-8O+JS !  ~ R! eaET4/
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871

872

866

865

868

863

870

869
807
C C C

C C C C C C C C
c16

CPI. T 14uf
tfl tutf.EC.1! 0". Tn 27!
Cal l 0 t FFUt >.'",Ax ~ '4 ax ~ AQl!
C'O'. T 1"'Vf
tf t lSALT GT ~ 1! GO TC t72

CALL 8244 t YWAX ~ hRAX!
Cfll'! T 1 l'iu f
1 >455 ~1
tf tlSALT.GT.l! Gn TO 863
CO>T tkVE
tft tPASS ~ EQ 1! GO TO 86S
BET S~1 ~ 0 J

8FTBi2 ~ 0
ALl'~a*i..0
BET hi 0~0
BETB1~0 ~ 0
QO 866 k=1 ~ euAX
00 Bbo 4 1 ~ 4~< x
COthsk! COPE hek!
GO TO 867
CP4 T l kUE

868 k= 1 ~ kgAX
OT! 562 k~ 1 ~ h'4AX
Cl't" "1 LSt 'Ni>!
ALPvaa0.0
!ETA~1 7
BFTH~t 0
SETS 0.0
BETBt~1 ~ 0
QC TG 869
C~kT!kuE
DO 870 N~t,><AX
hA 870 k~ 1I hkax
COtk,~!-COrtk,~!
BETS~0 ~ 0
BFT1~0 0
BET 4<0+ 0
4L8 HA ~P 0
SETWL~O.O
COnT lkuF.
Coh Tt NuE

C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C

CA"+VTE COP 04 EACH RL'k N

CCCCCCC'CCCCCCCCCCCCCCCCCCCCCCCCCC
CALL BeVAL k, ax. AX,loaCS,BST!
tftksT.E0.4axST! Go TO 6i�
W!<~ 1
COAT !HUE
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80
Sj

82
e3

H es

3a0

. 361

90

Sl

I ~   w~ Iv. Fe.s�0 I r C T f +a 5
'%5PC»i'd  g RUv / LCCC0 C

I/1C CC veqCH~�0
NF v~0 I 'it+' I /109-v S4 CK ~ �0!D-v~ 100
L.>P ~1 QUA!-k5>CHe CQ000v-i +1 JJ3 >Nf +100
  LKL-1
RFF~NF-1
Kl> l4 s 0 4 1
QNyll~ 1
b l 40a II~HF ~ L
Qhv II-1
e!w~e+1
 f   H  4 ~ s%! ~ EQ ~ 0 ~ C I GO TO SO

.rO tn Sl
8  ~lev" I ~I   N ~ >!
06>I T I I'lUK
I f  H t,<�I ! . EC.Q. C I GO TO 82
Gn Tr s>
g   +~4 ~ 'K! '+II   8 ~
CFIi.'l I i:LJK
1f H QKgÃH! eg 0 ~ CI GO TO s4
rO-TD SS
~ ;;,I vi~5 N,4I
C'I" T I 'IUE
IF H ' t'a>! ~ +0~ J ~ 0I GO TO Sa
G> th 87
4 I 4 tl ~ "i 'I ~ 0 ~ 0
'!I  i;.4, + ~0 ~ C
C il'I T �% c
l f  I  ' ~ Vv I f 0 ~ 0 ~ Cl GO TO SS
GO T ' S9
Crit eyeIr I'i3C~GT 1 A"'h.vg EQell GO TO 360
Gn TO 361
QI iI ~ v~ I ~V q ~ v I
OX N,r~!*Or z,m!
rO TC S9
C,O.I T I ~<%
V N.v~'I ~ C 0
CO�i "v I~C,C ky>l
hx ~ ".]
0'lN T I"-!Ile
lr   8  k Ã8> I ~ <0 ~ 0 0l GC! TA 90
Gr Tn 91
C04T�Lfc
 F  vvv.LC.LIYAXI rQ TD 9l
CO ~,vvv! CC I.vl
LI� ~ v Is/ ~ 0
DX 'civ}~0 0
Cf!4 T  ;' Ie
IF I< l' <i>I ~ 'CiOiCI GG TD F05
GO TD 606
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605

5666

Sa67

5668

64S

56 70

Sre71

5672

5673

e  're V l%r! 0
Ol  'le"! %0 ~ 0
Cr!;> T 1 "uE
SSL10
SSP81 ~ 0
553«1e0
SSr%1 ~ 0
Irl  PASSefo ~ 2l GeO TO 5673
Irl JS r e. " I ~ GT ~ C ~ 0 AHCe U here! ~ GT ~ 0 ~ 0! GO TC 5666
GO TO 5ok 7
SS!% eO I
552«LE 0
553%0«O
55re«2e0
C'EST reuse
Ir   J5 re r~r ee! ~ GT ~ Ce C ahO ~ Vtlierevv! ~ GT ~ 0 0! GC TC 5668
GO TO 566S
551.40 0
SC2% 2 0
S53% 1 0
5'C~«1 ~ 0
Crr;iT lkUE
 F  JS ': I4! GT.O ~ C A'iO Utti H! ~ LT ~ 0.0! GA TO 5670
GO 1 l'. 5671
55! «O.O
$52 2 ' 9
SS3%  0
SSee«l 0
CO«' I i ~IUP
Ir JS h�~!.-.T.O.Cea~~.u N,r«V!.1.T.O.O! GO Ta 5672
Grl TO 5673 ~
SS!%!e0
552%1 0
55 FO ~ 0
SSe %2.0
Ci'w T!wuE
V Q% . 2 5%   g   h , ee ! % 9 I h, rr V ! t P   bN V ! + 8 I 'ih  r  > I l
'5!%8t t'er v !+et   rte v!
 
%0  'cere ee ! ii  h'er ~ rr!
83%8 lire r v!«F  'ke "ee!
!lre% t  ler. e V I +8  ri e ee!
AA 'll -"at !%42%  h'4 V!-f AL2%32%OZ N,'4,re!

l ! «f4' !%Q t«er 1 i ~ «1 tP -iat! ~ Vp «ee   «re ~ '+ 1 +f At2%51+Ot  4! ~ rr!
1 @f4
%82%0 2  i'. v!«80«TAU%'El% ~ r !%.5«RETH %oc%TAU«RA'~  N ~ 'v!% ~ 5%4 .PHA

C C   r, ! f A t I er P'  %%   h e v ! - F 4 2 2 ~ a I % Ol   ri ~ ee !
OD ri! «C 9  > ~ v l "BC-F AX1%<v%4 ri ~ "1 ~  C"  'i e 4!% SS I+CCt Y ~ 'Vrr" l% SS 2! %PAX 1
%83 utr',Hr ! % C" t'!,ee}%553+CO  4,'iv!%55r !%~AX2%8e%OX   I H!% CO N HHV!

2 -C.".1 "«r 1 !-~4<2«i3%!X h ~ "v!% C1  ievl-CO  W,r %! !-Tau% -BG«r AR NeH!e
5C Ne>!%LQeH>i 4:l*g I h ~ v!%� ye v l ~ !AT! ~ ~ yreeO«f dR I Ne'i !%CO N ~ V!

5 A . reHA% ~ 5+Br,«PI 9, tel ~ ',if TS-8" % JS  I ~ Vl «~F T Al t �%OCX%OCt! l
CAri I 1 «lUE
OQ COO K«hl'F ~  .
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903

905

901

PGS
9J0

S}0

405

351

554

1115

913

S}%
%15

l
!+44 K!~e K!l

GO TO 905

GO TQ 907

Ia K.tVJ4F! G3 TO PC}
r.o I ! qog
kloof rk$ s 1
E e'F!~~ f !/44 K!
0 'Adf !<R!.4 K l JAN K!
GO 10 PCS
RO~Ktl
f V >!~~ a lt�-8 K!+44 K! +F K!
Q HQ!~ 98 'K! 44 K!~d K!!/!bSIK
I JL iL+1
Kt}JL!~t-0
CokT! !~
IF ~5"C% &0 10 '3K ~ «SRCH F.C 11!
GO IO
k~F~SF+E,
E hdf !~L C
'!   kdF !="L  !' f F e 4!
COkI!kr
IF «$>CH~FO~C} ~ OR~VS' CH ~ Ed ll!
GO TG 948

}~L+}
FIL}!~f 0
O L 1! ~WL1 ~ ~!
C ns4 T I i-i.m
Cfl:.T I iL'»
GD 9 10 '~hf ~ !.
JJ Li 4~1-J
J}~L+' .~J
CT  J! ~~!=F  JJ! +CT t J J ~ N!+'!  J J!
C !"i V I 'eF
kU<»4~I
GO ra 4r:4
C '9 T I>'46
QO 3!'I ~lr><4X
OO 351 H~ 1 ~ 4 ~4X
CO k ~ «!~CT [hi"!
If   }5,~Lf' C T, 1! GO TO 55@
IF !PDM f Ca l! G TO %13
CA4 T l tie
OO 1 }ii «1 ~ ">4X
OO }}2% H~ l~ V44X
CAP   k~ NmC O  h,rh!
IF  154LT GI ~ l! GU <O 1}10
GO $O ~5
COV TI hSC
OO glh %~}qY 44X
DG 914 h> 1 ek'E4X
L $ W~' !IC   ! o v!
Cl" IT "LK
I~  I!''45,  0 2! GO 10 1110
!PP 55&~oa55+ I
GO TO Slh4



1110
CCC
C
C
C
C
C
CCC

51

830
831

%00

PQI! I kkP DLQT hlvS+ERS

C C C C C C C C C C C C C C C C C C C C C
 Ã 52 ~ at.MIR
IF ~ST.Ea.ha~ MT K! l G . 'TC 51
Cn~ T liuE
Qh TA 53

C Qh  T I H .'E
~  .Sg wvax,~~ax, I oa SS, 4 T yhlST el S4LT!

CALL cxYtL %~Alt+"'5x sKSTv4T ~  SILT!
CAL L PLCT S  h+4 Xr +~ 4X ~ IGL ~  GU!
C lh I lhU'E
IF  '4'ST ~ EOml PU>CH! GC TO 830
GO TO 831
C4LL PU  C �" AX ~ ~~<X ~ I 54LT!
C '4 I l ~:uE

qeo5 I I '>so
CK1 r ST, I lii > ia l l < 0  I! !
R'->  >   'i 5 T r '  ! < L 5   'lP   I l e " >  ! l !
T I~ "< ST ~ I ! =L, 'i"   1 l "-P' I! I
C Q; T I I'lt,'E
"ST=45' +I
GA TA 400
COh T I ".U'F

CCb lPL   '<AX 5 I, NFP ~ kT I
SThF
E!co

CCCCCCCCCCCC

Ch~rr! uE
CCCCCCCCCCCCCCC CCCCCCCCC CCCCCCCCC
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 SALT, Tst!u!

 :

C C t:
C C
C

Tr ] TLAT @F40 5741fwtr TS '1 PP. 4RR AVE

CCC

20
21

22

230
23

23'J
25

24

270

2SO
27

29

~OO
30

320
32
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5 !ei"'!UTLh .. r f TF  h 'aX ~ AX ~ t e  F ~
oFAL JS ~ LS
Or!a>'!rr Niitit 9",!, r«t: %0!,r," it  J I,

1 T >t Lo ~ 5CI ~ 55  l r: ~ 5 J! ~ R  � ~ i 3! e
2 JS  L&e 50! see  LL end! ~ iT   l ~ eb!! s J 

> X   l 6 r 5 0 ! r rl C t   es ~ > ! ~ I! 't L  e ~ 5 ei ! ~ i 4
C C C C C IC 0 C C C C C C C 0 C

CCCCC CCCCC CCCICC
r3r! 70 vvI e v>4 X
Rf AD  5e 21!   hri !,  V! ~ Nvl e Nvax!
Or! erO k>l ~ r vi!
H rr ee! <Lt'AT hR3  hl!
Fe3XHA7 t 3dl l !

22 Hrlevv4X
%F4 !t 5e 23! t Rt 'is <! eh~! r Le!!
r!~ 230 +>levvax
rr F43  5e 25 ! t si '4 e" I ebvll ~ hvAXI
F,!wwaT  LOF r .l I
LS  1$4L 1 ~  T ~ L I OJ TA ae�

2es err!evvaX
jr''4'!! y, l Jet'�ev! e i+1 �!
r! . 250 vr L.","AX
er f 4 !   > ~ 2 5 !   J q i V ee ! ~ re v L L ~ h 4 X }
r.3" var  tdr-7. 1!
r; !'e T !hUE
LF  LD!F ~  ;T. 1!  '0 TO 4C
r '3 Per re>L 'i",Ax
r t 4 ! t 5 ~ 2 7 I   r! Ã '  v e v ! r r ~ L ~ 1 0 I
'! ! 77Q vs 1 ~ revs X
Rfar!  > 27!  r.'r 'r <! h Ll 'vseax!
pg err! Y v 1 ~ rt>4 X
QFhO  5r<7!  OL t V e" l ek>L elb!

280 ~< le"'<4X
ri f 4'!   5, 27!  Ol  see." I ehvll e reN4X!
Fr!! RAT  Lo!-5.2!
Cgh T lr UE,
'M! 29 I'r-L evV<<
R f A .   5 ~ 3". !   C: r t v " ! r 'e  1 ~ 1 0 I
r!i! 300 k 1 ~ 444X
Rga it 5. 3C!  C !ot V,W!,e  1L rhi'AX!
10v~aT  LOF5 2l
!F  " L!.01 l! GO TA

31 riv 1 ~ eseea X
R f4'!t 5e 32! t L 5 V v l r<vL ~ 10!
00 g20 i=L,V sax

40  5 ~ 32!  LS % ~ v! ~ hv LL ~ '  AX!
r-OR<47  LOF 5 ~ 2!

vO  O�! ~ ae:  'e0! ~ CF r�0!eCS t 50! ~
C ~ t L es e 5 J! e   >s t Los.>J! r .S   L s ~ 50! r
Le e53! e~ Le e5 !!ei'tt~r501 ~
< Lve5 !!eCSC ltsr50!
CCCC C CCCCCCCCCICCC

CCC .'CCCCCCCCCCCC :



340
3»
62

372
371

37
36
%LO

CUrc t I 'Uf
 F  ! 5~:UeGTe 1! G'! TC 62
heT 3i ve l ~ ee'44i
qcgh > ~ 3%! P e ev! eg*l ~ lC!
e!'1 3%0 %v l e v l4X
f E4P  > ~ 34 !  F  h -v! 4+11 ~ %<4@!
Fssk4r  Oft Z!
Cr!k T I k'UF.

3 7 ! "~ 1 .." i4 X
qf4g� ~ 371!   TS le"! eq~leLQ!
Oe'- 372 v«Le "i4X
gabe!  5 ~ 371 J   ! 5 !' e " ! N*ll
Fgg "4t I LCf oe Z!
If  !S4Lt GT 1! GC TC 410
Oil 3 5 ivv 1 eeek 4 X
o F43  be '6 ! I 55 ii ~ '! e "v l ~ 10!

37 Y ~ 1 e>'~AX
Rf 4!  5 36!   ~II 'le "! eb>11 !e>4X!
FPC"i4 T  LQFbeZ !
C h!, t   YVF
!et TURk
B�
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50

cZ

5rr0

5 6

S il'~ht;T I r.'E INl I t h 4 Xi + 44 ~ I SALT ~ I S4+!
P C4L dSil5
'! lr't'qS'! ON "!L�Pi!
Ci u i~N NPE, ;3! ~ ">   SC! ~ N~-'0�! ~ «0 APJ�! ~ 4% �0! ~ PEP �0! icS�O! r

1 'TS  ]C' ~ 5C! ~ SSl ]E ~ PC! il  ]v ~ 5<! i 'J ]a ~ 50! ~ C' ~ ] rr5i!! ~ LS ]rr ~ 50! ~
2 JS  ]hiSC! e4 ]hi5 ! iC t]~,50! ~ lil ]r ybdl ~ r  ] i50! ~ O� r ~ 50! ~

OX  ] so O'J ! ~ ''
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C C C C C C C C C C C C IC C C C C C C C C C C C C C C C C C C C C C C

IF I t>ASS � 2! GC TC 7
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C I! eOa9» CR CC45ER>hTI V'E '3 '. .~'PEERY C~40  T  Eh' 5 - iClf1 K0
C
C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C

'Cflt 1% ~ 1! 4 ~ C
Cht 15 ~ l!<A ~ C
4i%  I
DO 11 R~jvlS

ll CO  r .~I~C.C
0il TO 9

7 C!A'T  RUE
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C

O.O ~ ROUi;049 Y CCND I T I ~K SPEC! FI ED

C
C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C

90 10 M~3 ~ 1-
Hs4  I
vila $7

10 CQt 4i "I ~C St u< I
CO  the l ! >1 ~ 'S
CO   ~ ll<S ~ 9

9 COM INUK
RCTUR�
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CCCCC

CCCCC
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C
C SAt! t!ECLAT 4ATFS h'RE Ch .CULATE3 FROrt FIELO OATA
C
C
C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C

1F t10;C-CT ~ LI 40 TC 9
DO 8 K*1».vhX
OO  ! a t.ev.hX
070 A 2+82~ rS~  K! ~+SKK!
0 J eK !~OZC~ VLe+t ' St J ~ K! gQ ~ ! !
GO TO Il

9 Ct�T1%t8
DO IC K>l,Hvhx
 !O I0 J<I ~ hvh x
0  J K!>Gh+vs+TS  Jix!+oCttTS  J<K!t+2!+cEetTS J ~ K!tt3!
CA't T hUE
Cu.'  T 1 ~uE
RETUR!!

-581-



SUER '.UT r!!e Sr LU ~ < l s~ ix, v~
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I <5  16@Sf! ~ SSI La ~ Sv! t>! lo ~ 50! ~" I  Lcr s>ul tCC+  141 >01 ~ LS Lbe >J!y
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  Lot 50! o'~ l Lee !t! ~ x>Rl 16 ~ !v! ~ CSC L6e SO I

CCCCCCCCCCCCCCCCCC CCCCC CCCC CCCCCCCCC
C
C
C OXYGEII SOLLWlL1TY VhLliES A>f CQ"I'VTE !
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

4 4 h e,'4 i h X
3 ~~2 ~ vh4, I

L SUR=N~>X-L t
!'ST< 1 TS ll, SU< e v!-32 ~ 111 ~ H
TrR ..Qa 1 .�-02> eTST+.g,;><.037~~92TST~eZ!
TFR" I-! ~. 161-.JSS>~ ! Sti.;.CT7 Lee I ST a~2!
TF+'42~ ~ iiOCQhw6+  t ST I+3!

3 CS '4!~TF~I 1- TER "2-SSl LSU~ ~ +!+TER<
CS LI e.O
CS H lhXI~C ~ 0
QvL ~QNg, X
K'P V "AX

4 ~~2 ~ >>L
Vn < X Z.hoax
 N "i ~ Ea'. ~ hh» I CiC TC 5
�0 TO 6

5 CSC S ~ <!~CS ~l
Q,<~
CSC N ~ NI~C C

i CONTI>VE
RET VR'V
fKD
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SL!I «r!�T VF RF.AR {oraX,XraX!C{7% 4QI4 4l 0{ 1 } ~ +E'l  SCi! N'I90� !,ln�{ 3! ~ AR {SO I ~ OEP {50! ~ CS �0! ~
1 ! S Lhe Cl oss  lc ~ 50! ~ P  o ~ 5JI ~ CD Lo ~ 50! ~ C -'> LG ~ JQ! MLS L&e 50! ~
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3 OX  Lk+SC! ~ ~LI L6 ~ Cl ~ '!{ LorsVI t~a>{ Lo+50! ~ CSC LA ~ 50!

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c C c
C
C
C REARFATTa'I cnfFF c fiTS ARK CONPUTK0.
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

crl.own~ Ic! KLvic�c!
Go32 ~ 2
'vNAaHra x-1
3 SUN r 4vA X-1
00 R r=2e>aa
Tss~  Ts IISLIR I" I-32 ~ I/1 a
i9oh'4A X- 1
USTAR {acs l. w,4! I+SCRT GI!/C w!

FR> �SS Utl". e "I I I I  SCR TISH! !
4RZQ~ .-CCL25+{ L. iSQRT inl! oUSTARII  OEP<V! !
T~o ao1. O14
On-- r SS-ZC.
ao  v! ~ ~ z2qe  { Tvpa I ieocg!
or . ~ uva g
khj +I ~ 4 v A x 1
OTI 9 o~2 ~ F L,
O� 9 >~2,hoax
! F H ~ oC; !.r.! G{! Tf LO
GD TO 11
RAR {g.P! =>a ~!
ra TO9
RAR  M&! <CD C

9 CART! 'RUE
RETURV
E�0
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 <F.AL JS LS
C i"".i"0 4 l i .!C! e "~I.'I '<0! <X'll 0 ! I i "CFC  J I eh«�C! <0  <�<!! r CS�0! e

j T<  16 ~ <<!! SS  L<' SD! ~ P Lo 50I ~ C+ Lb ~ >0! CCi' L<I ~ 501 ~ LSt 14tSJ!t
2 JS  16 ~ 5Q!t< I I" ~ '> 'l Ct jc>,50! ul ta 50! ~ ~   to ~ 501 ~ Ct L6 ~ 50! ~
3 Dx  L«<53! e«l LG v'I <W L~ 53! '< 4R  t«<jul <CSC tf oe50!

CCCC CCCCCCC,CC CCCCCC C CCCC C CCCCCCCCCCC
C
C
C A.IS< FRY F,.e rtvEh SteP AFr aRI TYPAL
C
C
C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C

'31 Hf N $1 04 4',! I 20 !
Ag 2! «~ j ~ v«A X
 !'3 21 ll~ jeh'<hX
IF H Nt' le  9 ~ 'J ~ Ql LiG TO 22
G~ TL 2j
CG ht ~ "!~0 ~ 0
'J NsW!~l! C
« lie~!~C C
C IP h eK!>CeC
 .S h< "l 0 ~ OQ

21 CHI T I h<U
54T~FL . AT h<ST!
T I'<  4   ~ 5h'T I / yo" 7,
EXIT<, � ~ 1!VSTi ~ I"

j F''1=«'AT  LHI ~ L3X.'CLXCFh'TR' T C'  QF Of SSCL';F" CXYCCN  VCIL!' 5X
'ST>P' l«<",l" r =' <1 <5X< 'I I vF. ~'<F7 ~ 2<'«RS 'l
!<T 2 N> je MAX
NA  l< 1 ~N
aR  TE �+3l�~�1rh~j ehVAXI
Ft P'4ATt LOCI 1'X ~ 23�!
nO ~ ~~j,V~AX

4 ARITB�r5!~t  CO+ h ~ <I <k~j ~ K <>X!
C FrR>> Tt 8x ~ f 2 ~ zx ~ 2<<6 ~ 21

IF  IS>L T ~ Gf a 11 GC Trt 25
A  ITf   ~ 6!t<S <TI<

4 - FAR'<XT  LH1 < I JX ~ <CL:t<<C~kTXATI 0 4 JF 5 ~ 0» 0 ~   VC/L ! < ~ 5Xt < STCP Nlj>BKI 
I ' ~ 13 ~ 5X< ' T f."<! ~ ~ <F 7.2 < 'H< S ~ 'I

«<R ITF.  b 7 l�<1 't I h>L i@MAX!
7 FOR44 I  LHC i IQX < 2<! 16!

nO t! ~~ 1, ~~ax
<<4  TE   st 9!. o   < S  4 ~ I ~ K~I rt< IAX!
FOR'SAT   BX ~ 12 ~ 2X ~ 2CF « ~ 2!
CANT I t4 t F.
HR I Tj << ~ 1 C!'VST ~ I I H
F !<!~AT  jki je IP.X ~ 'l.' VFLCCI TY 7 IFL'9 t FLCC91 FPS+i ~ 5X ~

j .iSTFo i! P'PcP ~',13,5X, TI f. ~ ~,F72, <<RS ~ !
<< R ITc bi I 1! I 'i'.�1 ~ K~L <MAX l
FO<� 'l I  j> C ~ I CX ~ 2 2 I R l
<JO 12 >if ~ ":~4x
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! I'iF'<5IO.V >'0 
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1 TS  Lee5J! '  L  j!! ~ '  I ~ 5!L, h to,> Jl, !~i Lo ~ 5J! ~ LS�6,50! ~
2 35   I 6 ~ 5 0 ! e<   I ' | > 3 ! e C >   La i r 3 ! ~ tJ   1 ta ~ 5 0 ! ~ <   I v ~ 7<3 ! r i I 16 ~ 50! t
J !X  le ~ 50! ~ ~!~ I Lee > '! ~    L > e �! t+44   Ll ~ �! ~ 2 4C  LO ~ 50 !

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
CC 4UXIL[4R'T v>hvEs 4RE aRI TTEH FOR Gl VF'.  T'I "E ST'Eo
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

SENT *FL '4 l   V 5 T !
T I'h ~  hl ~ SiT! /3|6 CC ~
f!g 7 Hz I ~ y<4r

H«L ih RA X
QJ  H! ~H
IF  Hti,~!.Eh.o.C! rQ TO 5
00 Th

3 '!t 9 ~ H! >0 ~ 0
0x  g ~ "I! e0 ~ 0
'32 'i "!«0.0
CSCth,.~! =6 ~ ~
z4R t V I: ! >0 ~ C
C...;7IRuE
. R IT 5 I c s4!'i 5T e TI RFr~ �7 L~L,Lcx, ~ 3[ Si'E>SL v '. FFLC[5r T Fc   x ntREcT[OV  FT«FTjSFC!

1 ~,SX, ~ STD P 4u'i-'L.i ~ ~,[3.5r, ~ T[ "i ~ ~ FT.Z i ~ N45 ~ !
CAPITE�,5! ,,   !,i~L ~ V<hx!

5 FO><47  LHCoLPX ~ 20I6l
9h o ~«L y F'~44
ex I TL   o e 7 ! < e   «X   V I "! ~ h> I a >"�X !
F.! '«' T   r, I 2,2x,20< 6.2!
+<I TF t 0 ~ e!'N57 ~ Tl '< ! F.!X~47 i~L.LCX, ~ '!I SRF45 ai CCEF~ICTENT FCa 2 DIRECT!0!  IFTiFTISEC!

Li ~ Sij  ~ i 5!f P VLihf R ~i +[ 3 ~ !r ~ F7[+5 « ~ F7 2 ~ IHRSi !
I T F   6 t +p !   ' ' ". I ft ! ~ ~ ' + L e h'0 4 X !

'9 FQF 447   ll C ~ LDXe20[v!
0> 10 H« I I <" 4X

'i 0 «R I I F   6 e I 1 ! '~ o   D L   h i 'i ! e '  < I ~ h F 4 X !
FhR>kT  8X [2 ~ 4X 2C'Fk 5!
I F t I bh  T ~ GT l ! i'3 TO 50
«RI 7  be LZ! VST ~ Tl~

LZ Fu~'~~t LH1,10X. ~ RFh=fhTLht~ C'!E<FICLEWTC X 1000000 �/SEC! ~,Sxi
i i STf~ RQH=.Eat a ~ ~ ! 3 ~ SX ~ Tl »C > ~ ~ F7 ~ 2 ~ PHRS ~ !

HR I T<   6 ~ I 3! I 'i'it N! ~ V+ L ~ H'!AX!
13 F JR i4T  LHC ~ L".X ~ 20[ 4 !

h'! l4 Hs 1 ~ !'.4X
'%>h<4X- 1
kh> t V ~ i' ! a~ 44 t h ~ 'i ! +1 00.�9 !,
'!< 20 W«L ~ v~4X
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aaI TF  e.  ~I". i~ a', t:".~! .V  ,1<iAC!
iDi.vir I iX. I',TX,20'~. 2!
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PO i} Hs 
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0 t H e " .! ~ 0   F. e "! /1 0C 00 00 ~
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CD'> 1 I vu
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C C C C C C C C C C C C C 0 C C C C C C C C C C C C C C C C C C C C C C
C
CC c'h>I'UTED c0hcEK TR AT I GYs AwE SET UP Fha FLctT! hG
C
CC C C C e C C C C C C C C C C C C C C C C C C C C C C C C C e C C C C C

0 t~'FiVS!!34 4 I 42 i 3 I iC - iV  43! ~ L 5AV I %8]
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I

00 2 Jv le VyaX
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CALL. RLQTT  'O'Isa e'Ish I "5" iL5L |855!
CCu T t 4IIE
COAT l RUE
~ Ivvgv 4 X
'� 5 laUve1 ~ Ay
MSF CHe~sO  Wiv I /1CCQCDO
ys villi  ,gU il I / ] OiIQQ 4 ~CH 1 00
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O'3 0 Jv'IL eNU
SUN P SU"tl'.iC .+  J V!
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54u.ih FLnat lhuy>!
C0aylv!~SLvOU/ShLvO
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F'!akhr I FACT ~ 7+ CH4~ r ~ I 3 ~ //!
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C
C
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LL i J-e<
12 Kil ~ !e

L iL+Fl
LLiLL>H
4i4{L!
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C
C

2C |iRI Tf �v L!hi!
C
C f I'10 SCALE FOj  245< V49148LE
C

XSC4L  A A,I-A  il!/!FLOAT  XLL-Ll!

f Igo SCALE <09 CRL'SS-VAR�8LCS

g laH+1
YV gvA HI!
TNAXv YMI IY
HZaHvN
OO qo Jmvl, v2
IF fAI J!.-Y" INI 28iZe ~ 26

Za IF AI JI-YvA>l 00+4C ~ 30
28 YH }AIBA  J l

GO TO AO
30 Y'44XvA  J'l
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I ~ I I -WLL I 4 S. B4. ea
84 X" lti4I4l

G'! T~! iO
C
c PklliT CHAS S-V4R [48LES KL'HRKPS
C

ee ~~1 T..I 4.T!
V» I I! ~v.4I L

9Q K4 ~ I ~ 0
9C v~ < I< 4+ 1 I >iPK I vl! l i vSC4L>10 ~ 0

V» I »!-Vr~ x
e Rl TK I 0 ~ 8 j I VPW I I! I t lP+ 1 ~ 11!
RFTURH
E4J
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PLOT NOT
PLOT HOB
PLOT f409
PLOT '%10
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PLOT 134
PLOT 135
PLOT V1<
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PLOT 138
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PL QT 141
PLOT 142
PLOT 143
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Su', ROUT Iaf  rO'Cla Aa,'~rr,1SALT! .
4 ~ 41 JSeLSCrw ir..', e a - eg!, e..  S"! .e'CRO > ! ~ ~C8r�! CR iO! eCEP�0!,CS�0!

1 T 5  Lc ~ 5C'! ~ SS< 1r. eO 3! ee'�6ebJ! eCtr �6 ~ 50! ~ CCR'..�e50! eLS  14 ~ 50! e
JS  16 ~ 5C l ~ ee  10 ~ 7C'! ~ 0 I   L~ ~ 1Q! ~ U  � ~ 5 J! ea  � ~ iii ! ~ C  14 ~ 50! ~

3 0 X   1 re ~ 5 5 ! e OL   1 4 ~ 5 C ! e 4   1  e e >i! ! e R '1 >   L 6 ~ 5 3 ! ~ C 5C   ! 6 e 50 !
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C
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C
CC C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C

"0 5 «Le~r AX
5 ee<ITE� ~ 6!  C .~ h ~ r ! ~ " ~L ~ LOl

>A 7 ee 1 ~ VPfAr
7 R   TE   7 4 !   COe'  'r ~ V ! e 9< ! L e h~AX!
6 FOrr:<AT  LCF 5.2!

lf  !SAL I' OT 1!  eC TC 8
r3� 2 rem LevwAr

2 «rI! TF � ~ 3! L S ke<! ~ A~L ~ 10l
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* r t Tr � ~ 3!  LS� ~ 'el ~ h~ LL ~ l'!KAX!

3 FOP're4TI LOI 5 ~ 2!
8 C r!' T I hUE
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Sd~  lUT I'NE CChf PLf "AXST e>iFP ~ AT!
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C

C C
C C
C
C

TIKE VAWYIf!G PLDf 5 CF CONCENTRAT  Ch5 45 D T DAL VEL .C f fES FCR SF'ECIFIKQ
I R It APE PR l h f EO

CQ+' O!1 / Tt NV/COOC  37 ! ~ 5! ~ HQD t 370 ~ 51 ~ f I < � fD ~ 5 ! N<  5! ~ NP'�!
RFAL L�F b !
f!ATA iiLANK/' 'l ~ Opt/' ~ l COSTAR/ ~ 1'/eCRCSS/'2 ~ / ~ TIDH/'T~/
."AXST ~>ASST-1
TSHP*AT/34QC.
l!Q 25 f ~ 1iRFP
ZAiJ C
Zfl~C ~ 0
?C~O ~ 0
ZE~F~O  1 ~ I !
Z D>CPS�  1 ~ I 1
Df! 3S X*  <A<ST1
Z~~4~5 CO  a K e  l !
Zh!e ABC� BQG K ~ 1 ! !
ZLs465 f' '!- K F 1!!
ZS~CQ ;f' X ' l!
ZP~H~D X ~ I!
IF Z'l GAZA! ZA~Z>
IF Z ,f T ~ C! ZC ZL
I F  LN  T ZF ! ZR I!l
I~ ZS.LT ~ ZC! ZO=ZS
IF  Z~ ~ L T ~ ZE! ZF, ~ ZR
CQ~iT  hl;E
Z~Oi'i~tZB@ZF!/2 ~
ZCVO~ ZA+ZD!/2.
4~1 f E ts ~ 3! h' P  I ! e i'Pl I ! ~ TSAR
FCR!ihf   Hl 5X 'oLCT QF 0 ~ C �] B.Q 6 ~ �! AhC TIDAL VELOCITY  T!

$FOi' GX 'lD >.' ~ ~   2,2X '~> ~ � jX ~f1'l~ STEPe ~ ~ F5 2 gX ~ i RS ~ I !
AP'f Tf  hi 41Ffik'hAT t SX ~ 'O ~ C, ' cX ~ B ~ 0 ~ 0, ~ bX ~ ~ f fOAL VEL !Ct TY FT/SEC' I
f!g 4C K~1 ~ H4XST 
'!f! 45 J~lek 
L Iaaf t J!~ !LAAK
LINE�!,! MT
ZBO~Zi ZE
IF  AGS Z'Pf'.! ~ 1. f ~ .QD1! CQ TQ 41
JJ   Rf'D K. !-Z+PU!/  ZS-Zh!/2 ' !!~.N.i31-
GO T  4b
Cf!h f Ii'eE
JJ ~ '1
CQvf  MyE
ZCO<? 4- lf'
IF  4<5 ZC f ! ~  . T C ~ QCl! GQ TQ 42

44
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Jxe  C<nC !   !-LC".'- !/  L>-l:s!/2 ! ! <30 +3l
IeO '� %7
C>!%! 1% lE
J~*3 
 '1%' 1 '1 ~� 5
JL 3  ~ t�TH <I! !/ZC!+3C
tl'JE   J~! ~STA<
L  '.   JJ !>CQ"SS
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~0"+A'1  2X ~ ! 3 Lxi p 2y >!L < S ~ 2 t l'� ~ Fb 2 t3X,el~hi
C >h 1   ~lail.
qr TljiiM
END
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V FUTURE ACAPTATZONS OF PROGRAM

The next step in the program development after

more extensive verification on the other estuaries

would be to extend the water quality modeling effort

to include other reaction schemes such as that for

nitrogen. indications on how this might be achieved is

outlined in the work of Leenderste and Gritton and the

main body of this work �4,25!.

Implementation of these procedures on the present

model can be achieved by simply rewritir g the governing

equations and changing slightly the looping relations as

defined in the general program outline given.
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