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PREFACE

This report describes the development and application of a numerical

transport model used as a basis for 2-D vertically averaged estuarine water

quality models. The preparation of this report was sponsored by the Office,
Chief of Engineers (OCE), under the Environmental Impact Research Program
(EIRP). The Mobile District, CE, sponsored the Mississippi Sound Study, which .
is presented as a test application. Technical Monitors for EIRP were Dr. John
Bushman and Mr. Earl Eiker of OCE and Mr. David B. Mathis, U. S. Army Water
Resources Support Center.

The work presented in the report was conducted from July 1979 through
June 1983 in the Wave Dynamics Division (WDD) of the Hydraulics Laboratory (HL)

of the U. S. Army Engineer Waterways Experiment Station (WES) under the general
supervision of Messrs. H. B. Simmons, Chief, HL, and Claude E. Chatham, Jr.,
Acting Chief, WDD. The WDD was transferred to the Coastal Engineering Research
Center (CERC) of WES on 1 July 1983. From July through September 1983, work
was performed in the WDD of CERC under the general supervision of Dr. R. W.
Whalin, Chief, CERC, and Mr. Chatham, Chief, WDD. Dr. R. A. Schmalz, Jr., WDD,
conducted the Mississippi Sound Study and prepared this report.

The preparation of this report was monitored by Mr. Ross W. Hall, Ecosys-
tem Research and Simulation Division (ERSD), Environmental Laboratory (EL),
under the general supervision of Mr. Don L. Robey, Chief, ERSD, and Dr. John
Harrison, Chief, EL. Program Manager at WES for EIRP was Dr. Roger T. Saucier.

Commanders and Directors of WES during the conduct of this study and the
preparation and publication of this report were COL Nelson P. Conover, CE, and

COL Tilford C. Creel, CE. Technical Director was Mr. F. R. Brown.

This report should be cited as follows:

Schmalz, R. A., Jr. 1985. '"User Guide for WIFM-SAL: A
Two-Dimensional Vertically Integrated, Time-Varying Estuarine
Transport Model," Instruction Report EL-85-1, US Army
Engineer Waterways Experiment Station, Vicksburg, Miss.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

L. $. customary units of measurement used in this report can be converted to

metric (SI) units as follows:

~ Multiply By To Obtain
1eet 0.3048 metres
teet per second 0.3048 metres per second
a.les per hour (U. S. statute) 1.609347 kilometres per hour
3




------- SRR SN S i b et St A b el e A C L R STUDAAS LSRN RS A SR

USER GUIDE FOR WIFM-SAL: A TWO-DIMENSIONAL VERTICALLY
INTEGRATED, TIME-VARYING ESTUARINE TRANSPORT MODEL

PART I: CAPABILITIES AND LIMITATIONS

1. The transport model WIFM-SAL was developed as a prerequisite require-
ment for water quality models to be used in the analysis of water quality prob-
lems in shallow estuaries and embayments which may be considered vertically
well mixed thereby justifying a vertically integrated approach. The model is
two-dimensional in the horizontal and generates time-varying water surface
elevations, velocities, and constituent fields over a space staggered grid.
Units of measure are expressed in the English system (slug-foot-second).

2. Two constituent transport schemes have been incorporated in the

U. S. Army Engineer Waterways Experiment Station (WES) Implicit Flooding Model
(WIFM) developed by Butler (1980). Constituent computations are performed at
the same time step interval as employed in the hydrodynamic computations.
Therefore, if desired, the user may develop the coding necessary to density
couple the hydrodynamics if this is important for the problem of concern.
Density coupling is not implemented in the model at this time.

3. An exponentially stretched grid system is used in WIFM-SAL allowing
the user to increase resolution in specific areas where more computational de-
tail is desired. This feature is particularly useful in modeling inlets and
barrier island systems.

4. Since the constituent transport schemes are directly encoded within
WIFM, this model must be used to provide the hydrodynamic description. Future
work will be conducted to develop a separate transport-dispersion model, allow-
ing for user selectable hydrodynamic input and transport scheme selection.

5. Although WIFM has been used extensively in moving boundary applica-
tions, the transport schemes assume a fixed land/sea boundary. Future work is
needed to remove this restriction.

6. The constituent transport equation considered is for a passive
scalar without source/sink terms. The extension to multiple (reacting) con-
stituent systems remains to be developed.

7. WIFM-SAL allows the model user to employ results computed on a global

grid as boundary conditions on a more spatially limited, refined grid
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concentrated around the area of interest. In addition, the user may select

either of two distinct transport schemes. Scheme 1 is a flux-corrected trans-

port scheme capable of resolving sharp fronts without oscillation. Scheme 2
is a full, three time level scheme directly compatible with the three time
level hydrodynamics. Scheme 1 requires approximately three times more com-
puter time than scheme 2 but is more accurate than scheme 2 for sharp front
problems.

8. However, on a coarse spatial resolution global grid covering a large
area, scheme 2 results may be used in areas away from sharp fronts to provide
boundary conditions for a more refined grid system encompassing the sharp
front region of propagation. Scheme 1 may then be selected to resolve the
sharp front over this refined grid. Thus, the telescoping grid capability in

conjunction with the user selectable constituent transport scheme is an ex-

tremely powerful concept in real world transport problem solving.
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PART I1: THEORETTCAT. DEVELOPMENTS

9. Consider the instantaneous three-dimensional constituent transport
equation. The time scales for which this equation applies are of much shorter
duration than can be modeled. Therefore, the instantaneous equation is tem-
porally averaged. Under the vertically integrated approach, the resulting

equation is then depth averaged. The transport equation obtained is then

transformed using an exponential stretch. Numerical approximations to the
transformed equation are formulated followed by the development of relations

for the effective dispersion coefficients.

Constituent Transport Equation in Cartesian Coordinates

10. The instantaneous constituent transport equation is

ds ds ds 9s _ 9 s
ac TUai TV dy TV sz T Bx (Dx ax)
9 ds 2] ( s
+ — _— piy =2
dy (Dy 3y * oz Dz 9z (1
where
X,y,z = Cartesian coordinates
u,v,w = velocity components in the x- , y- , and z-directions,
respectively
t = time

s = concentration of the material of concern

D
y
z

over the time

e Te s

. » - - -'-'-'\-‘-..~'
R T T Sy S RO

lar diffusion.

molecular diffusion coefficient in the
molecular diffusion coefficient in the

molecular diffusion coefficient in the

The following analogous formula holds

x-direction
y-direction

z-direction

For a turbulent flow, the turbulent diffusion is much greater than the molecu-

where time averaging

scale of the turbulence has been performed.

3s , 9 9s 9s _ 9 @5)
at = Y ax 3y

+v—tw _—=—
dz 9x

9 Js
+ — (K —)+
oy (y ay)

X 9X

. " - .- -t . . R T T L
e e e e e gt

RS "<"“:i'-' BRI

9 ds
9z Kz 9z

(2)
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where Kx ’ Ky , and Kz are turbulent diffusion coefficients. Equation 2
may be written in conservation form by adding s times the continuity equa-

tion (namely, zero) to the left-hand side to obtain

+ 2(us) 3(vs) 3(WS)
at 9x dy 9z

_a_(a_sa_ )a a_s)
= 5x \Kx ax) * dy Ky dy 3z Kz 32 (3)

This form of the equation is then depth integrated as described in Schmalz
(1981a) to obtain:

) 3 ) 9 % *
5t (hs) + 5% (hus) + 5; (hvs) 3% (FKX Bx) 3y ( y 3y) (4)

where h is the water depth and Ki and Ki are effective dispersion

coefficients.

Constituent Transport Equation in Transformed Coordinates

11. The transport equation is transformed from x - y space to

a, - o, space by means of the following coordinate transformation as con-

sidered by Butler (1980).

l/c1
< x - a,
— A -
xS ay by —a = b, )
l/c2
2 Y © %
= — =
y =a, + bza2 = q, < b2 > (6)
The terms a; b1 y € 3, b2 , and c, are constants valid for dif-
ferent regions in the grid. Then for an arbitrary hydrodynamic variable
p(x,y,t)
da da
9% _ 9 _1 % _9p 2 (7)
Ix 301 dx dy 8a2 dy




op. o ()2 8 mﬁ)&fiﬁei’i’_
3x2 aal Ix/ dx aal aal dx dx dx aaf dx aal
% _ o f@e)d_"z=_a_<§p_d“2> 2 2%a% 9%
ayz dy 802 auz dy J dy dy aa§ dy 2
If we introduce My = dx/d(x1 and Hy = dy/da2 then
9p _ 1 3p % _ 1 3p
Ix Hy aal oy p2 aaz
) i
3% 1 |1 2% .8 8 (1
i o e ()
ax* M1 (M1 sa o 2% \M
! —
2% _ 1 |1 9% .9 o /1
i [ 2R 3 (5)
ay- M2 |M2 da)) Ay 9% \Hy
L -
Considering Equation 8a in an alternate manner
do dza
3_9 3 % =9 foep y _1 .9 _ 1
2 8x 3a dx 9x \ 9« dx oa 2
ox 1 1 dx
Noting d/3x = (8/80!1)(d011/dx) = (3/8(!1)(1/”1)
2 2
a%p _ a_e ) Lee TN
2 dx oa 2
Ix 1 dx

aul

LRl A, cadl a5

Employing previous notation, Equation 13 is rewritten as follows:

Lo d
aa dx

<_

1
M

)

- W T e~ '__ﬁ.f..f“

(8a)

(8b)

9)

(10)

(11)

(12) h

(13)

(14)

i
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Note, however, from the relation between 98/9x and 3/3011 we obtain

2 2 2
3_e=2_e<_1_> +Qp__d_<l_>_l_ (15)
ax? auf Hy day day \uy/ ¥y

This relation is equivalent to Equation 3.
12. 1If we consider a hydrodynamic variable p(al,az,t) and let i%* |
j* , n be defined such that

n = p(i* T ]
pi*,j* p(i AUZ,J Aul,nAt) (16) i
Then let i, j , n be such that
n €2 “1
= i% i
pi,j p[a2 + b2(1 Auz) » a;t bl(J Aal) , nit (17)

We employ uniform spacing in a, - o, space and irregular.spacing in x - y

space. We may evaluate the derivatives with respect to x and y as follows.

9p _ % “
x| . . da dx % (18)
19.] i*,j* J
where
(l-cl)/c1 .
do X - a [
dx clb1 b1 1
1
<, 1 (l-c]) da
f(él th ) T E, M = flap) ax |, - fQraey) '
11 J L
1
L
and 1
n n da
9p =% _2 (19) '
dy i 3a2 dy . ;
»J 11'\',j‘4'f
L
|
9 !
)
L
¢
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where

(1 cz)/c2
do y - a
2.1 ( 2 = g(y)
dy c2b2 b2
c (1-c,) da
2\ _ 1, 27 _ 2 _ -
3(?2 * by, ) b, %2 g(a,) ay | ., = 8(i*aay)
For the second derivative term we obtain
n n n
2 do 2 da da
2 p N ap 1 L, 2 4 (1 (20)
3x2 dx i 3u1 dx |. 801 du1 dx g
i,j i*, j¥ ) i*, j*
where
da (1 - ¢c;) -c
d I c _ 1 1 _
da <dx)' da [fel ¥ bl"l)] = —ewp, % Chay)
1 1 171
da
d 1 - -
da; (dx) = h(j*aa,)
j-k
n
32
Similarly, for ——g . The underlined terms in Equations 10 and 11,
ay |. .
1,]

although they may be computed exactly, are approximated using finite differ-
encing on “1 and Hy
13. Transforming Equation 4 in x - y space to a, - 0, space we ob-

1 2
tain the following result:

(dus) (dvs) (s) (s)
(ds), + 1 + %2 = L lak
t M

(21)
| )

10

AT
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wvhere d is introduced as the depth in place of h

( )t = 3/3t
( )m1 = 8/301
( )m2 = 9/3a,

Equation 21 is the relation that is the subject of numerical approximation.

Numerical Approximations

14. Schmalz (1983a, 1983b, 1983c) considered several alternate tech-
niques for approximating Equation 21. The Flux Corrected Transport Scheme
(FCT) was selected as the most accurate scheme and has been incorporated in
the Waterways Experiment Station Implicit Flooding Model (WIFM). In addition
a three time level explicit transport scheme was also incorporated in the
model. A space staggered grid as shown in Figure 1 was employed in all of the
formulations. The datum convention is presented in Figure 2.

15. Let us introduce the following notation as a prelude to the approxi-
mations. Define for an arbitrary variable Fﬁ m where t = kAt , y = nAy ,

b
X = mAx :

ak(rk ) N (22a)
t\n,m n,m n,m
G’k(Fk ) A (22b)
t\ n,m n,m n,m
kK \ _ ok _ ok
Gal(rn,;) - Fn,m+1/2 Fn,m-l/2 (22¢)
k ) _ ok ook
6uz(Fn,m) - Fn+1/2,m Fn-l/2,m (22d)
o k k
+
—% - (Fn,m+l/2 Fn,m-1/2) (22¢) F
n,m 2
o k k
+ F
2 (Fn+1/2,m n-]/2,m) (22£)
n,m 2

11
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Figure 1. Space staggered finite difference grid in
transformed coordinates
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Flux-corrected cransport scheme

16. Two schemes are used in implementing this approach: a lower order
in space nonoscillatory scheme and a higher order in space scheme subject to
oscillation. In the method implemented, two time level implicit multiopera-
tional ADI schemes were employed. The forward time upwind space (FTUS) and
forward time centered space (FTCS) schemes were used as the lower and higher
h order in space schemes, respectively, and are discussed in turn below. Fi-
,1_ nally, the necessary flux correction procedures are developed.

17. Leendertse FTCS multioperational scheme. The following finite dif-

ference equation is considered as an approximation to the nonlinear transport

i equation (21):
y

- <a1 1 ‘1. )
b Td s T3S
2 5'1:( ds) + Z\_Aﬁ‘ 5 SRkl kHl | —gk—k k
. 1%m %1
c"z ("2 a2 a2
At —~Sk+1Sk+1 K+l | —Sk—k k
A d s v "+ d sv
oy 8, (s**1 oy a (&)
At TS| 3¢ gk
-——— 8 | K g5 € % oD
2(8a) (up %1 1 Lm P
k+ k
2 Ga (s 1) %2 aa (s
) ! Kk+1 % , + 3% gk __(3-)— =0 at (n,m)
2(8a,)’ (u2 "2'n R

The solution of the above semi-implicit difference scheme requires the inver-
sion of a large unbanded matrix. In order to reduce computational effort, the
following ADI multioperational difference equations are used.

18. The approximations for the X-Sweep may now be written as follows:

14
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At éu < ! “1 )
* * *
Sk(ds) + 1 dk+1/2 sk+1/2 uk+1/2

ZAOLl(ul)m
k+1/2%
At 8 @y 8, (s / )
I W C o VR S Vh i |
2Aai(u1)m oy (g
(24)
%2 %2
+-§T—A§—Z—— § dk skvk
H2/p%2 %
k
At § ay 8, (s
—-__Tz_—- _dkKk —(2—)— =0 at (n,m)
a
2Aa2(u2)n 2 ‘M2’
If we place all terms at time level k+1/2* on the left-hand side of the
equation and expand K_ = K
X o
k+l/2% /2% _ /2% 172+
(ds)kﬂ/v At ("n:yl 'hwl' :Ln .m) k+1/2~ :::\ﬂ M :lmz)
n,m 28a, G z. Y, o4l /2 Z.
i
k+l/2% / *
( ntm-l - hn,m—l + :1112. - hn,m k+1/2* :t:n—i‘ + ‘:t;n )
2 Yn,0-1/2 2. (25)
Kk+1/2w k+1/2% k+1/2 /2
- At [( n:nﬂ-l - hn,m—l + n:m hn m) sntml.‘ kﬂ .) k01/2'
2803 u)), 2. “‘1).»1/2 Xn,mel/2

nk"'l/Z' - h k*llz* ( k+l/2% - k+l/2’)
- \'n,m-1 n.m-l "n,m n n n,m-1 k01/2*
= Wypa1/2 *a,m-1/2

Collecting all terms in Equation 23 at time level k denoting the result as

B , we obtain K = K
m y a,

15
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o (hera =" ) (hes.a * h)
e Bm - (ds)k At 5 n+l,m n+1,m n,m n m k Satl,m n,m

::~ n,m 2A02(u2 n 2. n+1/2 o 2.
g - ":;llm - hn-lgm;+ r‘n,m ~ n m) k (s:-l,m + s:,m ]
et 2. n-.l/2 m 2
-2 (26)
. k
:.: . At [(nn+l,m - hn-#llm ,Ln - n m) Sa+l,m J) Kk
-‘- 2(u2)n(Au2)2 2. (”z)n+1/2 Yat1/2,m
Ei - (n:-l,m - hn- ,m ,m) - n-l m) Kk
f{}: i (“2)n-1/2 n-1/2,m
ii In Equation 25 we define -an,m-l , an,m+1 , and an,m as follows
P
(o
[ _ * *
- At\d k+1/2 uk+l/2 (X )k+l/2*
_ n,m-1/2{ n,m-1/2 x’n,m-1/2
“Pn,m-1 T T Zha (uy) 2 ¥ Be, (uy) (27)
17Vm | ! 1'11 m—l/2d
ay _
A\ k+1/2% uk+l/2* ( )k+l/2*
a - n,mtl/2 | n,m+l/2  *"x’n,m+l/2 (28)
n,ml 20y Cupdyy | 2 Bag (i /2]
%1 ot
_d k+1/2% _Ju k+1/2*
_ k+l/2% At Yo,ml/2 n,m-1/2
a =d + -
n,m n,m ZAal(ul)m 2 2
o a
( L >k+l/2 (%K )k+l/2*
+ At X n,m+l/2 + X n,m-l/2 (29)
202y | Vw2 Gpdpe1/2

19. Collecting all results we obtain the following interior equa-

tion for the X-Sweep

k+1/2*% k+1/2% k+t1/2% _ 30
n,m-1 sn,m-l * an,m sn,m * an,m+1 n,m+1 Bm (30)
16
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20. The approximations for the Y-Swcep may now be written as fcllows:

aes, R AtS o, 8, ¥
k+1/2% 2 K+1 _K+1 k+1 Y2 ]-Zk+1 k1 02
o s e T
24y 2807 (b)) 2 H2'q
2'72°n
acs, < | oy ats, ! 8, (s¥*1/2%) (31)
* K3 kol [ x
- (pl) JFUZF I IT2E ke1/2v ) | 2 1| Jk172F Kgn/z 1( ) =0 at (n,m)
1%1'm 2807 (n)), 1 H1m

Expanding Equation 31 by employing Equation 22 and collecting terms at time
level k+1 on the left-hand side and leaving terms at time level k+1/2% on

the right~hand side, the following interior equation for the Y-Sweep is

obtained:
k+1 kt+1l k+1 _
%r-1,m 5n0-1,m * n,m n,m * n+l,m “n+l,m B (32)
where (K El(a » K EK0>
1 y 2
)
— Jk+1 k+1 k+1
-a - At d n-~1/2,m Vn-1/2,m (Ky)n-l/Z,m (33)
nolom o 200, (M) 2 Byl ye1s2
(2)
— k+1 k+1 k+1
a - At\ d n+l/2,m Vn+1/2,m _ (Ky)n+1/2,m (34)
mHlm 200, () 2 Bay(uydner/2
a a
E)en (2 )
k+1 At n+l/2,m n-1/2,m
%0,m T aom Y 250, iy 2 y 2
’ ’ 2\"2’q
a a
(gK)ma <§K)m1
At n+l/2,m’ n-1/2,m
+ 5 ) + ( (35)
2A02(u2)n 27n+1/2 n-l/2
17
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(al a]> o, a;
- k+1/2% At — — Jk+1/2% k+1/2% (—— —>k+1/2* k+1/2%
B = - ot -
n (ds)n,m 2(|.ll)mAml d s n,m+1/2 un,m+l/2 d s n,m-1/2 un,ll-l/2
a; (sk=l/2* N 50 VA A o, k+1/2% _  k+1/2%
bt fg Jerr/ze Mol " nm ) (g /2% Pam  Z Tamel )l (36)
2(“1)m(A“1)2 x/n,m+1/2 M ar1/2 x/n,m-1/2 [CREEP

21. Leendertse FTUS multioperational scheme. The following finite dif-

ference equation is considered as an approximation to the nonlinear transport

equation (21):

@y uk+l ay uk
' — e | e
5 1;(ds) + ﬁ—)— 5 dk+1sl oty dksluk
e 4
az k+1 a2 vk
At —Zk+1Y k+l , —k— k
200, (u,) Ga d ) + d M
2°72°n 2
(37)
a 5, (s« s, (s
At —%k+1 _k+1 1 —k _k 1
-2, %Y N T oy Y 4 K TaD
Z(Aal) (ul)rn 1 1 1’m 1 1’m
o, 5, (s*h  q, 5, (s
et st [ S i el IR LICRY
2
2(Aa2) (uz)n 2 2 2'n 2 n
22. The following upwind difference operators are used in the
above equation and are defined at (n,m) as follows:
k
fk sn.m-l/Z f:,m >0
8
' s::,m'l'l/Z f:.m <0
(38)
k
fk Sn—l/Z.m f:.ml 0 l
1.
: srl:4>1/2.m f:.m <0 s

18
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23. To effect the solution of this scheme, the inversion of an unbanded
matrix is again required. Thus, an AD]l scheme similar to the previous tech-
nique (upwind differencing is employed for the advective terms) is used. The
necessary modifications for the X-Sweep are shown in Table 1 while those em-
ployed for the Y-Sweep are given in Table 2.

24. Flux correction procedures. If the factorization terms are ignored,

the schemes above may be written in the following flux format:

k+1 I _ k k -1/_1
dn,msn,m - dn,msn,m [Aal(ul)mAaZ(uZ)n] (%n+l/2,m

I I

“Fe12,m Y Fa,mer/2 T (39)

1
Fn,m—l/Z)

where t = kAt , x =§ (ul)iAm1 s Y =§ (112)1L\oz2
S: m = concentration at location (n,m) at time level Kk
Y
Aul(pl)m = x space step at m
Aﬂz(pz)n = y space step at n
I = general index at time level k+1 , which we set to H or

L for the higher or lower scheme, respectively

I - .
Fntl/z,mil/z = fluxes through the appropriate cell faces of cell (n,m).

Form is dependent upon the finite difference formulation

We observe from Equation 39 that the difference between the higher and lower

order scheme at (n,m) may be written as follows:

-1
(?g,m - Sk,m) = ‘[5“1(”1)mA°2<“2)ndkT;] [K?ﬁ+l/2,m - Fﬁ+1/2,m)
- (F?\-I/Z,m - Fﬁ-l/Z,m) M (F:,mﬂlz - Fﬁ,ml/Z) (40)

H L
1:n,\'n—1/2 - I"n,m-l/Z)]

Note this difference may be expressed as an array of fluxes between adjacent

grid points and is the condition required to effect the flux correction pro-

cedures as given by Zalesak (1979). We next develop the flux expressions for
the higher (FH) and lower (FL) order schemes. In order to aid in notation,

we make the following definition for an arbitrary variable, F :

19




.............. ' Ehh gt _'.‘VW.H .'. _-;-"-_ _‘.w.‘._-. ~v _“"'.'_':'._-' .v_ g 4 ,‘* -.~-,_-’c‘ e ,“T-.“ ," '\'vxj—:n _w --|> 8y ™ T T T ——— v -1
& Table 1
h X-Sweep Modifications FTUS
Equation FTCS FTUS
.. s + s
- ( n+l,m n,m k k
i 26 2 Sn,m Va+l/2,m = 0
) sk vk <0
. n+l,m n+l/2,m
‘ .
-
-
b (o)
n-1,m n,m k k
3 26 2 Sp-l,m  'n-1/2,m 2 °
-
- k k
L
b sn’m vn—l/2,m <0
ﬁ.
- k+1/2%
o n,m-1/2 ( k+1/2%
:h 27 — max (O , un,m—l/Z
.
~ i/
.
. n,mtl/2 . ( k+1/2%
N 28 — min { O , U mbl/2
2 ay
o —5, Je+1/2% oy
. 29 n,m+l/2 — Jk+1/2%
—_— max |0 , du n.omtl/2
a
min | O <_lu)k+l/2*
? n,m-1/2
L
9
9
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Table 2
Y-Sweep Modifications FTUS

Equation FTCS FTUS ]
Sl )
n-1/2,m ( k+1 ) ]
33 5 max (O , Vn—l/Z,m :
St ]
n+l/2,m . ( k+1 ‘
34 2 min 0, Vi i1/2,m
a
<—§ )k+l i a, h
35 v n+l/2,m 0 -3 >k+l
2 max gt N Yati/2,m

a, ) _ ;
5/ KL a, )
35 - ‘n-l/2,m min | O “dv ktl J
2 i i n-1/2,m :
1 % !
3% (E—-§—>k+l/2* L/ 2% k41/2% k+l/2%
n,mtl/2 n,m+1/2 °n,m “n,m+1/2 =
!
—Ek+l/2* k+1/2% k+l/2* 0
n,m+l/2 Sn,m+l un,m+l/2
o} l [0 ] l a l 4
16 (E— —~>k+l/2* —Ek+l/2* k+1/2%* k+1/2% 0 ,
n,m-1/2 n,m-1/2 “n,m-1 Ya,m-1/2 = :
a [
—k+1/2* Sk+l/2* k+1/2% <0 9
n,m~1/2 “n,m un,m-l/2 1
<4
21
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pkt1/2 _ (Fk” + FX )/2 (41)
n,m n,m n,m

25. For the higher order scheme we employ the FTCS scheme written in

Equation 23 in which the factorization terms developed in the multioperational

method are not shown. Equation 23 may be written in the form of Equation 39,

where the total fluxes are presented as the sum of advective and diffusive

fluxes.
26. From Equation 23 one then obtains for the advective fluxes:
FHA =vk+1/2 ML) Aa iis_k dk+1/2
n+l/2,m n+l/2,m H1/m%1 2 atl ntl,m

H k
S + 8 k+1/2
* (‘*‘—z > dm 2 (42)
- n,m

O Ak At
S8H S

L H H k
& A _ k+l/2 S + 8 k+1/2
- Fo,mb1/2 = Yn,me1/208 () j0ey ( 2 ) 4y, m+1

. — — n,mtl -
- H k

+ (é +S ) dk+1/2 > (43)
2 n,m
n,m

diffusive fluxes are then given by the following relations

= , K =K ):
X o y o)

o k2 Ae0gte
~Yntl/2,m 2

H k H k k+1/2 k+1/2
[(s + S )n,m - (s +58 )nil'm] (dnil’m + dn,m

Bay (M) ny1/2
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F“o - g kL2 At(u,) ba,
n,ml/2 2

" *n,mtl/2

H k H k k+1/2 k+1/2
[(S + S )n,m -~ (s +5S )n,m-_i-l] (dn,mj_-l + dn,m

x (45)
Bty (W1 /2 2

27. For the lower order scheme, the FTUS scheme written in Equation 37

- is employed. Factorization terms generated by the multioperational method are
b,

X not considered. Equation 37 is written in the form of Equation 39. The total
i fluxes are presented as the sum of advective and diffusive fluxes.

3 28. From Equation 37 one obtains the following set of advective fluxes:

g K+1/2 k+1/2 s+ %Y ke1/2
[ . S +s
vn+l/2,m 20 vn+1/2,mlt(u1)mAal 2 dn.m
LA n,m
Ftl/2,0 ° (46)
. k+1/2 k+1/2 (sl‘ + sk> k+1/2
X <0
X vn+1/2,m vn+1/2.m“(u1)mﬁul 2 e+l mdn+1,m
v g2 S (?L sk) Kk+1/2
. n-1/2,m = n-1/2,a° U INT 2 /) Ceelm
o~ LA < ’ (47)
Fn-1/2,m =
L, &
k+1/2 k+1/2 (_s__+_s_) k+1/2
: Va-1/2,m < 0 Va-1/2,m08 0%\ T3 a,m
\ n,m
K2 ez (sL + s“) k+1/2
n,m+l/2 = n,m+l/2 ¥a7p0% n,m
LA n,m
Foart/2 = (48)
. L. .k
k+1/2 k+1/2 (s +s ) +1/2
- Ya,mil/2 <0 Un, o1 /288 (M) 80N\ T n’m+ldn,m+1
. /2 K+1/2 st + gk k+1/2
N un.m-1/2 20 un,m—l/ZAt(uZ)nAu2 dn m-1
. LA n,m-1 '
: Fava-1/2 ™ ) (49)
k+1/2 k+1/2 sk o+ sk Kk+1/2
“n.m~1/2 <0 un.m-l/2“<u2)nAal 2 dn.m
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The diffusive fluxes are obtained from Equations 44 and 45 with H replaced
by L .

29. The antidiffusive fluxes are then computed as follows:

H L H L
_ Ky L 0 Lo
Avr172,m = Tarr/2,m ~ Fati/2,m ¥ For1/2,m ~ Foti/2,m (50)

H L H L
_p A _p A + O 0

Anmrr/2 = Taomer/2 ~ Faomtrz2 ¥ Foomer/2 ~ Fo,mer/2 (51)

In computing the difference between the diffusive fluxes (third and fourth
terms in the above expressions), note that the terms with Sz o may be com-
14

pletely eliminated.

30. Next the maximum and minimum cell values are determined:

a _ k L b _ . (.k L

sn’m = max(Sn,m,Sn’m) sn’m = min sn,m,sn,m) (52)
max _ a a a a a

Sn,m max(Sn—l,m’sn,m’srﬁl,m’sn,m—l’sn,m+l) (33)

min _ . b b b b b
Sn,m min sn-l,m’ n,m’ n+l,m’ n,m—l’sn,m+1) (54)
31. Next the sum of all antidiffusive fluxes into cell (n,m), P: o’
b4
is determined:
P+ = max(0,A ) - min(0,A )
n,m *“n-1/2,m "“n+1/2,m
ﬁ; + max(O.An’m_llz) - min(o’An,m+1/2) (55)

The maximum allowable mass into the cell, Q; - is then computed as follows:
?

Q;,m = (S::::: - n m) [(pl)mm (“2)n 2 ::] (56)

24
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32. Similarly, the sum of all antidiffusive fluxes out of cell (n,m),
P_ , is determined:
n,m
Pn,m = max(o’An-i-l/Z,m) - min(o’An-l/Z,m)

+ max(O,An’m_l_l/Z) - mln(OsAn,m_l/z) (57)

The maximum allowable mass to leave the cell, Q; m® is then computed:

’
- L min k+1

Qn,m - Sn,m sn,m) [(pl)mml(pz)nmzdn,m] (58)

33. The following ratios are next computed for use in determining the
limiting coefficients:
min (1,Q+ /P+ ) pb >0
+ n,m n,m n,m
= (59)
n,m +
0 P =0
n,m
min (1,Q' /P' ) PP >0
_ n,m n,m n,m
Rym = ] (60)
0 P =0
n,m
The limiting coefficients are then given by
- >
(m1n (Rn+1,m’ n,m) An+l/2,m - 0)
Cn+1/2,m = + _
i <
min (Rn,m’Rn+l,m) An+1/2,m 0
(61)
(55 1 % |
i >
min Rn,mﬂ’Rn,m) An,m+l/2 - 0'
Cn,m+1/2 = + -
i <
min (Rn,m’ n,m+l) An,m+1/2 0
25
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34. The antidiffusive fluxes in Equations 50 and 51 are limited by

NEh

multiplying by the limiting coefficients and the solution is advanced to the

next time level:

-1
W k+1 _ L _ k+1
- Sn,m - Sn,m [éal(pl)mAaZ(pZ)ndn, Cn+l/2,mAn+1/2,m
- cn-l/2,mAn-1/2,m + Cn,m+1/2An,m+1/2 - Cn,m-l/ZAn,m-l/Z (62)
_ _ k+1 _ _L
We observe that for Cn+1/2,m- Cn,mtl/z =0, Sn,m = Sn,m and for
_ _ k+1 _ _H
Cntl/Z,m - Cn,mtl/Z =10, Sn,m - Sn,m ’ ‘

35. The coding of the flux corrected transport procedures is presented
in Subroutine CONC in Appendix A.

Three time level explicit scheme {

36. In order to avoid the averaging of hydrodynamic quantities, which l
is performed when employing a two time level transport scheme with a three
time level velocity scheme, a three time level explicit scheme is considered.

37. It is instructive to observe the form of the continuity equation

employed in the multioperational hydrodynamic scheme.

X-Sweep:
| %
1 (., k-1 1 k+1 k-1, —k +1 -1, =i
25t (n n )n,m * 2(w)) 4o, (" tu ) d @kl
m n,m+1/2 n,m-1/2
o o
2 2 (63)
1 -1 -5 -1 =<
+ m A vk 1 dk - vk 1 dk =0 at (n,m)
2 n 2 ntl/2,m n-1/2,m
=3
with
a
1
— k k
d = d

n,mt1/2 ~ dn,mtl * n,m

%

dnil/Z,m = dntl,m n,m

''''''''''
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Y-Sweep:

(!2 02
[ k1 1 k+t1 _ k-1, —%k ktl _ k-1, —2k _
2At (nn,u :,m) * 2(;12) Aa2 (v sv ) d - -v ) d =0
n n+l/2,m n-1/2,m (64)
at (n,m)
where
At = time step length
n* = water surface elevation at intermediate time level *
+
n:'; = water surface elevation at time level ktl at cell (n,m)
?
Aul = al space increment
Auz = a2 space increment
k+1 - , .
un,m+1/2 = x -0 velocity component at time level k+1 at cell (n,m)
k-1 - : .
Unomb1/2 = X T 0 velocity component at time level k-1 at cell (n,m)
vkt =y - a, velocity component at time level k+1 at cell (n,m)
n+l/2,m 2 ’
k-1 - . .
vn+1/2,m =y-a velocity component at time level k-1 at cell (n,m)
d: m - ¥ater depth at time level k at cell (n,m)
b

If we eliminate the intermediate level n* ; e.g., solve for n* in Equa-

tion 63 and substitute in Equation 64, we obtain:

k+1 k-1
n,n nan

1
28t * 2 n)m“"'l

a

1
[(uk*l . uk-l) dk

n,m+1/2

]
MEYTRAW
(HZ)n 2 n+l/2.,m

at (n,m)

Since dk = nk - h , Equation 65 is a full three time level scheme.
n,m n,m n,m

In order to develop a three time level volume consistent transport scheme, we

associate in the advective terms dk Sk = dk ; €.8.,
—_— n,m n,m n,m
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ktl k+t1l _  k-1_k-1 a o [
n,non,e ~ Inetnm) | 1 ﬁUk+l LS K L PR R —x ]
24t 2(p,} A
( ])n ! n,m+1/2 n,m-1/2
a o a a
2, 2 1. -3 2
N T LR, ko1 e
(2) %,
n+1/2,m n-1/2,
(66)
o k-1 k-1 o k-1 k-1
ey 1 —%k-lxk-l Sa,mt1 ~ Sa,m) k- 1ke1 (sn,m - Sn,m-l)
o 2 o a
o u.) (e 1 (™) 1 ()
- ( ‘)n( 1) n,m+1/2 m+1/2 n,m-1/2 m-1/2
-
o . . - .
- 1 " k-l ok 1) a k-1 _ gk-1
. . 5 —k=1k- nzl,; n,m/ _ —dk-lxk-l n(m) n-1,m
o m o "
) (e 2 2 2 2) _
( z)n( 2) at1/2,m n+1/2 a1/2.m n-1/2

38. The stability properties of the above scheme were investigated for
the range of conditions to be simulated in Mississippi Sound. The scheme was
stable over this range of flow conditions. Details may be found in Schmalz
(1984). The coding of the three time level scheme is presented in Subroutine
CONCE in Appendix A.

Dispersion coefficient formulation

39. To close the numerical approximations to the two-dimensional, depth-
averaged transport equation, relations for the effective dispersion coeffi-
cients may be developed in terms of flow field properties.

40. The effective disperison coefficients are assumed to have the fol-

lowing form:

Ivlh
% . we
K* = C g ¢t D.; K*=~C\g < * D (67)

where

Ki,K? = effective dispersion coefficients in the x- and y-directions,

respecitvely
g = acceleration due to gravity
u,v = velocity components in the x- and y-directions, respectively
h = water depth
C = Chezy coefficient
Cx’cy = dispersion factors in the x- and y-directions, respectively
Dx’Dy = dispersion offsets due to wind effects in the x- and y-

directions, respectively (Dx’Dy > 0)

28
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For a unidirectional flow in an infinitely wide channel in the x-direction ,
Elder (1959) found Cx = 5.93 and Cy = 0.23 . Harleman et al. (1959) has
converted Taylor's result (1954) for pipe flow and determined Cx = 14.3J2 .

In attempting to apply these results to a two-dimensional flow problem the fol-

lowing approach is employed. Initially, Cx s, C._ Dx , and Dy are speci-

y
fied by the user as model input. The cell face conditions for each cell are

examined independently in each coordinate direction. For a no-flux cell face

condition, Cx or Cy and Dx or Dy are set to zero. For a standard flow

condition, the advective flag system is examined to determine if the flow is

restricted in the x- or y-direction. If the flow is restricted, Cx or

Cy is reduced by a user-specified factor.

29




DI CrEA R

-
N

LT

N TN, T T WA TR e T e TR T TR T W T W T e TR T e TR T W T M e T . T T WU
DR N A0 Juran e Jutey Sume veun Juten b - n Aol et CHiren ntn St ey CHfia- T G CER e N M S e e e N R B - o RCOAS

PART II1: MODEL INPUT REQUIREMENTS

41. The constituent transport schemes are included with the hydrody-
namics as separate subroutines in WIFM-SAL. Therefore, the model user must
also be concerned with both the hydrodynamic input requirements as well as
those of the transport computations. The complete input requirements for
WIFM-SAL are presented in Appendix B and consist of 29 separate card groups.

Constituent transport input requirements consist of the following categories:

a. Constituent Simulation Control.

b. Boundary Condition Control.

c. Boundary Condition Data.

d. Wind Data.

e. Constituent Initial Condition Data.
f£. Dispersion Coefficient Data.

g- Output Control.

Each category will be discussed in detail below with reference to the appro-

priate card groups contained in Appendix B.

Constituent Simulation Control

42. This data group is contained in Card Group 2a. The model user sets
ISAL = 1 to consider constituent transport in conjunction with the hydrody-
namics. The desired transport scheme is selected by specifying ISALS. For
ISALS = 1 , the FCT scheme is employed, while for ISALS = 2 , the full three
time level explicit scheme is used. Constituent transport computations are
initiated ISALC time steps after the start of the hydrodynamic computations.
The user may set ISALC # 0 in order to allow for the hydrodynamic computa-

tions to be free from initial condition effects before considering constituent

transport. CMAX and XMS are self-explanatory.

RSP RPN

Boundary Condition Control %

43. This data group is contained in Card Groups 3a and 3b. In Card -
Group 3a the user specifies the number of tidal elevation signals specified by g
tidal constituents. For a simulation over a global grid, NGLOB = 0 , and NTI q

is specified as the number of tidal boundary (water surface elevation and

30




constituent level) signals along the seaward boundary used for interpolation.

For a simulation over a refined grid, NTI = 0 , and NGLOB is specified as the
number of previously saved tidal signals (water surface elevations and con-
stituent levels) generated from a global grid simulation to be used for cell-
centered interpolation along the boundary of the refined grid.

44, In Card Group 3b, the user specifies the grid indices for the grid

employed in the current simulation where the known tidal signals are available.

Boundary Condition Data

45. Boundary condition format is specified in Card Group 3. The user
specifies ITID as the number of entries in the tidal (elevation and constitu-
ents level) input and/or flow (discharge and constituent level) input data
tables. The number of time steps between entries in these tables is common
and is specified as JTID.

46. In Card Groups 20c and 21b, the constituent levels associated with

tidal and flow inputs are specified, respectively.

Wind Data

47. Detailed requirements will not be discussed here. Let it suffice
to say that wind conditions may want to be considered when simulating constit-
uent transport. The pertinent input variables requiring specification are as
follows:

WA, THETA in Card Group 4.
NTABLE in Card Group 5.
WATi, THATi in Card Group 6 (optional depending on wind

a 1o |®

format).

Constituent Initial Condition Data

48. 1In Card Group 13a, the user specifies a single format or combina-
tion of formats to be used for specifying the constituent initial condition.

IDEPTH specifies the number of depth intervals used to interpolate based upon

depth. If IDEPTH # 0 , a set of initial constituent levels TMPN are associ-

ated with depth values DN ] 2s specified in Card Group 13b. IFIELD
14
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specifies the number of patches in which initial levels will be specified on a
cell-by-cell basis. If IFIELD # 0 , the limits of patch and the individual
cell constituent levels are specified in turn for each patch in Card Group 13c.
IZONE specifies that a number of zones in which the initial constituent level
will be a constant will be assumed. If IZONE # 0 , the number of zones, the
limits of the zone, and the constant value of initial constituent level for
the zone are specified in Card Group 13d.

49. There is considerable flexibility in specifying initial constituent
levels. Each format may be used individually or to override the previous
format. For example, the user may specify the initial conditions using depth
interpolation. In selected areas of the grid where detailed information is
available, the patch concept can be used to override the depth interpolation.
In still different areas of the grid, the zone concept can be used to specify

a uniform level.

Dispersion Coefficient Data

50. Dispersion factors and offsets due to wind effects are specified in
turn for each coordinate direction in a zone format as shown in Card Group 13e.
51. The reduction factor applied to the dispersion factors in cases of

flow restriction is specified in Card Group 17b.

Output Control

52. Snapshots of the entire constituent field are printed after comple-
tion of up to 32 user-specified time steps during the simulation. Time step
completion data are read in Card Group 7 in the NPRINT array.

53. Alternatively, the user may examine constituent level histories at
NGAGE locations at NFREQ time step intervals as specified in Card Group 5.

The NGAGE locations are specified in terms of the grid indicies in Card

Group 8.

4
4
1
4
<
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PART IV: APPLICATION TO MISSISSIPPI SOUND

54. Both the FCT and the three time level schemes have been applied to
the study of salinity distributions in Mississippi Sound by Schmalz (1984).

The schemes were exercised on a global grid and also over a local refined grid.

Wind sensitivity results for both grid applications are presented in turn

below.

Global Grid Results

55. The horizontal salinity distribution was simulated within Missis-
sippi Sound and adjacent areas employing an exponentially stretched global
grid as shown in Figure 3. This grid employs 115 X 59 = 6785 cells. Maximum
spatial resolution (approximately 3500 ft*) is obtained in the passes into
Mississippi Sound. Depths within Mississippi Sound are relatively shallow
(10-20 ft), except in the navigation channels, which are normally maintained

at 30 to 35 ft. As a result, the gravity wave speed within the Sound is less

than 38 fps, resulting in an explicit time step limit of approximately 100 sec.

All simulation employed a 360-sec (6 min) time step, resulting in a maximum
spatial Courant number of less than 4 within the Sound.

56. Hydrodynamics and salinity conditions over the period 20-24 Sep
1980 were simulated. Water surface elevations along the seaward boundary were
obtained from a Gulf Tide Model developed by Reid and Whitaker (1981). Salin-
ity transect data were available on 20 and 21 September. These values were
located on the global grid and two rectangular areas were set up in which sa-
linity values were visually interpolated from the located transect values.
National Marine Fisheries data were obtained for cruises No. 106 (Apr 1980)
and No. 112 (Nov 1980) of the OREGON I11. These data provided a general under-
standing of salinity patterns in the vicinity of the Mississippi Delta. A
deep sea vertically averaged value of 36 ppt was employed.

57. Initial conditions were assigned in a three step process as shown
in Table 3. In step one, values were assigned based on cell water depth. In
step two, salinity values were specified within Mississippi Sound based on

salinity transect data. In step three, initial salinity values within

* A table of factors for converting U. S. customary units of measurement to
metric (SI) is presented on page 3.
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Lake Borgne were specified in a zone format. In this process, each succeeding

step overrides the previous step values.

Table 3
Initial Salinity Conditions on the Global Grid

Water Depth Initial Salinity
ft Value, ppt
0-10 22.0
10-20 23.0
20-30 25.0
30-50 30.0
50-75 34.0
75-100 34.3
100-120 34.5
120-200 35.0
200-300 35.5
300-500 36.0

Salinity Grid-Cell-by-Grid-Cell Interpolated Limits

Global Grid Cell Range

Patch N M
1 15-27 19-39
2 28-87 15-32

Salinity Zone Specified Initial Conditions

Global Grid

Cell Range Salinity
Zone N M ppt
1 1-15 33-50 15

58. Salinity boundary conditions which remained constant over time are
shown in Table 4. A cell-centered spatial interpolation similar to that em-
ployed for water surface elevations was used to determine salinity values

along the seaward boundary.
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Table &4
Global Grid Boundary Salinity Conditions

Tidal Signal Global Grid Cell Salinity Value, ppt
1 (115,58) 36
2 (115,56) 36
3 (115,50) 36
4 (115,37) 36
5 (115,22) 34
6 (31,59) 30
7 (42,59) 36
8 (57,59) 36
9 (73,59) 36
10 (87,59) 36
11 (103,59) 36
12 (110,59) 36
13 (112,59) 36
14 (115,59) 36
Freshwater
Inflow
1 (97,3) 0
2 (59,19) 24
3 (59,17} 24
4 (13,33) 15
5 (19,20) 17
6 (32,15) 23

59. Wind data reported by Raytheon Ocean Systems (1981) over the period
are presented in Table 5. The spatially averaged wind speeds and directions
shown were lagged 6 hr in order to investigate model sensitivity to wind. A
constant drag coeffecient equal to 0.001 was used in the computations.

60. A total of 1200 time steps were used to simulate 120 hr of proto-
type time. Wird information input at 6-hr intervals was interpolated in time
at each time step. Both salinity schemes were considered. The scheme 1 FCT
results and the scheme 2 three time level results are shown in Table 6. The
following previously calibrated effective dispersion coefficients are employed:

c,=C_ =10
X

y =
Dx = Dy =0

Reduction factor = 0.0388

36
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b
‘: Table 6
Es Global Grid Wind Sensitivity Simulation
. 20/21 Sep 1980 24 Sep 1980
- Transect Global Initial Computed
f.' Station Grid Cell Measured Condition Measured 1 2
. T26 (15,39) 16.0 16.0 14.2 19.8 20.2
i| T30 (16,35) 17.0 17.0 17.2 17.4 18.4
- T28 (16,38) 17.3 17.0 15.1 17.8 17.9
- T32 (18,33) 17.5 17.0 17.6 17.8 17.8
2 T24 (18,38) 19.2 19.0 19.3 20.2 20.0
. T34 (20,31) 19.2 19.0 19.5 19.3 19.4
: T22 (21,35) 23.7 24.0 21.8 23.7 24.1
T36 (23,29) 21.8 22.0 21.1 21.3 20.7
T20 (24,33) 24.9 25.0 24.1 25.3 25.3
[ - T38 (26,29) 22.0 22.0 23.1 22.2 25.8
s T40 (27,24) 22.4 22.0 21.0 22.3 22.4
- T18 (27,33) 26.8 27.0 25.7 24.4 23.3
T42 (29,26) 23.7 24.0 23.0 23.1 23.1
- T6 (29,20) 24.0 24.0 23.8 24.1 24.1
;t T8 (31,23) 24.8 25.0 23.9 25.0 25.2
4 T10 (32,26) 25.6 26.0 25.0 24.9 25.0
- T12 (33,29) 27.3 27.0 25.5 25.5 25.5
ii T4 (34,23) 25.2 25.0 23.9 24.5 24.3
T14 (34,31) 28.3 28.0 27.1 25.5 24.4
: T16 (34,32) 28.3 28.0 26.8 26.1 26.0
- T2 (40,27) 26.1 26.0 25.6 26.1 26.4
T4 (49,21) 23.6 24.0 23.4 25.2 25.3
T46 (49,24) 26.9 27.0 26.2 25.9 25.5
T48 (49,27) 28.2 28.0 27.8 27.3 28.1
T50 (49,29) 28.3 28.0 28.7 27.4 27.2 |
Y
T52 (53,25) 26.3 26.0 26.7 26.1 26.1 |
TS4 (57,28) 27.3 27.0 27.6 28.9 28.9 ]
T64 (59,21) 27.7 28.0 27.5 27.6 28.4 1
T62 (60,23) 28.5 28.0 26.8 27.9 28.3 :
T66 (62,22) 27.3 27.0 27.7 26.9 26.7 !
T60 (62,24) 28.1 28.0 29.1 27.2 27.2 :
T58 (62,28) 29.1 29.0 29.6 28.2 28.0 !
T56 (62,32) 29.7 30.0 30.3 30.1 29.5 ;
T68 (67,26) 27.9 28.0 27.5% 28.1 28.2 R
T70 (71,28) 28.4 28.0 29.9% 28.2 28.1 !
T74 (75,26) 28.1 28.0 -- 28.4 28.3 R
T72 (75,30) 28.7 29.0 28.5% 26.2 26.8 ]
T76 (76,25) 26.6 27.0 -- 28.2 28.1 .
T78 (81,25) 22.5 22.0 -- 22.4 22.6 Y
T80 (86,25) 22.9 23.0 -- 22.6 22.9
* 28 Sep 1980.
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In regions of the Sound, the scheme 1 and scheme 2 results are nearly identi-
cal and are in agreement with the calibration simulation and measured salinity
values. However, in the vicinity of the upper Mobile Bay freshwater inflow,
the results diverge as shown in Table 7. The scheme 1 results are nonnegative
and exhibit no oscillations. The scheme 2 results exhibit oscillations behind

the freshwater front.

Refined Grid Results

61. In order to investigate the salinity distribution in the vicinity
of the Pascagoula Channel, the refined grid shown in Figure 4 was developed.
This grid employs 49 x 28 = 1372 cells. Maximum spatial resolution of 300 ft
is employed to represent the navigation channels. The configuration of the
channel system is idealized in the grid in order to reduce the number of grid
cells. A 60-sec time step was used, resulting in a maximum spatial Courant
number of less than 8 within the grid system.

62. The 20-24 Sep 1980 period with 6-hr lagged wind considered on the
global grid was studied on the refined grid. The salinity values computed in
the global grid scheme 1 FCT simulation were saved and interpolated temporally
and spatially to provide the boundary conditions for the refined grid simula-
tion. Initial conditions over the refined grid were determined from transect
data and input cell by cell. Zero salinity values for the Pascagoula River
System were input for cells (8,1) and (16,1) in order to establish a fresh-
water front.

63. A time step of 60 sec was employed 7200 times in order to simulate
120 hr of prototype time. Wind information input at 6-hr intervals from
Table 5 was interpolated in time at each time step. The scheme 1 FCT scheme
was selected based upon its superior performance on the global grid. Wind
lagged simulation results using the calibrated effective dispersion coeffi-
cients in paragraph 60 are nearly identical to the calibration simulation re-
sults and correspond to measured values as shown in Table 8. In order to ob-
tain an estimate of the freshwater influence and movement of the front, the
salinity field at the end of the simulation is shown in Table 9. Note the
scheme 1 results are nonnegative and exhibit no oscillation. The flow pattern

in the vicinity of the freshwater inflow at (16,1) is extremely complex. The

averaging processes employed in coupling the two time level scheme 1 FCT with

OB e e Mgy 2
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Figure 4. Pascagoula Channel System refined grid b
]
Table 8 .’
Refined Grid Wind Sensitivity Simulation
20/21 Sep 1980 24 Sep 1980
Transect Refined Initial Computed !
Station Grid Cell Measured Condition Measured Scheme 1
T54 (8,22) 27.3 27.0 27.6 28.8 )
T64 (17,6) 27.7 28.0 27.5 28.3
T62 (24,9) 28.5 29.0 26.8 27.7
Té66 (31,7) 27.3 27.0 27.7 27.9 )
T60 (33,7) 28.1 27.0 29.1 27.8 .
T58 (36,23) 29.1 29.0 29.6 27.7 !
T56 (34,26) 29.7 30.0 30.3 28.0 \
T68 (49,19) 27.9 28.0 27.5% 28.0 ‘
* 28 Sep 1980. :
{
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the three time level hydrodynamics may contribute to the unusual distribution
over cells (15-17,1). These effects are usually local and the two time level
scheme 1 FCT resolves the edge of the freshwater front. Additional research
is warranted to flux-correct scheme 2 thereby eliminating the above averaging
of hydrodynamic variables necessary in scheme 1.

64. The input data for this simulation are presented in Appendix C.
Typical output from the salinity computations embodied within WIFM is shown in
Appendix D.

Computer Requirements

65. The resources required for both the hydrodynamics and the salinity
computations are shown in Table 10. Scheme 1 is more accurate but requires
nearly three times more computer time than does scheme 2. In general a very
large scientific computation oriented machine should be utilized for applica-

tions employing the number of cells in the Mississippi Sound study.

Table 10
CRAY [-S Kequirements

Number of Total Field
Simulation Grid Time Steps Length (Octal) CPUS
Scheme 1 (FCT) Global 1200 1606064 619
Scheme 1 (FCT) Refined 7200 776152 1717
Scheme 2 (Three Time Level) Global 1200 1601756 340
Scheme 2 (Three Time Level) Refined 7200 776266 475

66. The job control language (JCL) for a global grid and refined grid
simulation is presented in Appendix E. It should be noted that the JCL shown
is for the CRAY I-S Cray Operating System 1.09 as implemented at Kirtland Air

Force Base, New Mexico.
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APPENDIX B: WIFM-SAL INPUT REQUIREMENTS




Card Group (Format)

Variable

Description

(1615)

la Required ITL
(8A8)

2 Required NMAX
(1615)

MMAX

INITL
Restart conditions: system geometry and
boundary imput tables ARE NOT read in
hot start conditions: INITL = O system
geometry and boundary input MUST be read
in; n, u, and v are all that has
been saved

IOVER

IFLVL

LEVEL
ISURG

IFETR

THOT

1 Required NDTAP

Input tape unit

Identification title card, up to
64 character, the 1lst 8 are the
plot identification

Horizontal grid dimension (i.e.,
number of cells in the n-
direction)

Vertical grid dimension, number of
cells in the m-direction

0--initial condition
1--restart conditions (omit card
groups 6, 13-18, and 23)
-m--as for 0, but saves restart
data every m tau

Control variable
l1--simulation
0--reads input only

O0--flow formulation
1--velocity

Number of time levels

0--tidal circulation

1--storm surge-horizontal
coastline

2--storm surge-vertical coastline

0--no feathering of tidal eleva-
tion, boundary elevations, and
freshwater discharges

1--feathering of the above
quantities

0--normal run
-1--hot start information previously
saved for n,u,v 1nitsa’l con-
ditions on logical unit ¢ «1ll
be used
n--save hot start conditions at
itime = n on logical umt 21
Note n is surface elevation
u is x-component of
velocity
v is y-component of
velocity
itime is the number of time
steps elapsed

F e
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Card Group (Format) Variable

Description

2a Required ISAL
(315,2F10.0)
Use a blank card for this ISALS
group when you are not ISALC

simulating salinity

CMAX

3 Required ITID
(1615)

JTID

NTID
NFLO

Pertains only NP1
to velocity < NP2
grid NP3

- NPR

MPR

MSURF

B4

1--salinity simulation
0--not simulating salinity

1--FCT scheme

2--3 Time Level Explicit Scheme
number of time steps into the
simulation, when salinity
starts

Maximum salinity concentration
allowable, in ppt. If CMAX is
exceeded, error message is output

Scale factor by which salinity
concentrations are multiplied for
printout (dimensionless)

Number of entries in tidal input
table or flow input table

Number of 1's between entries in
the tidal or flow input tables.
Note: if tidal constituents are
used, set ITID equal to the number
of t's in the tidal scenerio.
Set ITJD =1 . Cannot mix con-
stituent or tabular entries.

Number of distinct tidal inputs
(total number)

Number of distinct discharge input
(total number)

These are print controls for the
output grid--grid is printed from
N = NP1 to N = NP2 in steps of
NP3

NP1 and NP2 are horizontal indices
All vertical values for each N
NP3 is the increment

Overrides NP1,NP2,NP3

2--print full grid of n only
-2--print full grid for n,u,v
1--print from NP1 to NP2, n only
-1--print from NP1 to NP2, n,u,v

Additional print control
1--print flag arrays only
-1--print flag arrays, flood,
barrier, and tidal or flow data
2--print flag arrays, depths, and
Chezy
-2--print all

Counter

Prints surface elevation and dis-
charge in increments of the values
of MSURF




Card Group (Format) Variable Description
3
(1615)
(Continued)
KS1,KS2,KS3,KS4 are flooding control
KSI m--hold cell face CLOSED for mi's
KS2 m~-hold cell face OPEN for mt's
KS3 m--hold SUBMERGED barrier charac-
teristic for mt's
KS4 m-~hold OVERTOPPING BARRIER charac-
teristic for mu's
KS5 Leave blank, not used at present
Ksé m--updates wind routine every mtl's
3a Required NCON Number of tide gages for which
(1615) tidal constituents must be
specified
NGLOB Number of global grid tidal bound-
ary signals used for cell-centered
interpolation along the refined
grid boundary
NTI Number of tidal boundary signals ]
used for cell-centered interpola- .
tion along the seaward boundary {
]
3b Opt.ional IGXi Location expressed in m (grid i
(1615) coordinate) for each tidal signal, "
i = 1,NT N
S
NT = NTI + NGLOB IGYi Location expressed in m (grid N
Omit if NT = ¢ coordinate) for each tidal signal, ﬁ
-i = 1,NT K
3c Use only if NCON.GT.¢ IYEAR Start time of simulation ;
n
IMONTH Start time of simulation R
Omit if NCON.EQ.¢ IDAY Start time of simulation -
IHR Start time of simulation %
3d ICONST Refers to array NCONST which con- -
(3711) tains 37 constituents. To choose .
Omit if NCON.EQ.¢ how many constituents you wish to -
consider, code this variable R
1--consider -
0--skip R
3e NC, j varies from 1 to NCONT where ?
(1615) J NCONT is the element number of the
Omit if NCON.EQ.¢ specific constituent you want con- .
sidered from array NCONST Q
g
B5
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Card Group (Format) Variable Description
4 Required TAU Time step length, i.e. At (sec)
(8F10.0)
Note: See IXPAN in card group 5. [*DX Vertical spatial stepsize (minimum
Code DX and DY. 1 map inch stepsize for a space) from map
= X number of feet when scale use 1 in. = ft
d ill b
ﬁiiliizgup 6 will be *DY HOFiZOBtal 5p2tia1 stepsize (ft)
Example: Map scale 1:40000 lin. = ft
CX = 3333. G Acceleration of gravity set to
32.2 (ftz/sec)
ALAT Average latitude of the study
region, + for Northern hemisphere
() - for Southern hemisphere
X1 Constant rate of rainfall (inches/
day)
WA Constant wind velocity (no N/S
wind)

-l1--variable wind as a function of
time only. (Note: card
group 11 is needed to complete
wind information)

-2--variable wind as a function of
space and time. (Provided by
subroutine FETCHW.) (Note:
omit card group 11)

THETA Constant wind direction in degrees
Use meteorological definition, i.e.
NORTH is 0°
EAST is 90°
SOUTH is 180°
WEST is 270°
or the number of hours between
entries of wind table if WA = -1
EPSD € is minimum amount of water

defining a dry cell (in feet)

APSD € is minimum amount of water
over a barrier for submergence
(in feet)

DCON1 Value to add to water depths to
NVGD translate them to the model datum
1 which is usually NVGD datum (in
MLW feet). Depths are negative, thus
a - DCON1 will deepen
*DMPX Value of land elevation assigned

artificially to areas that will
never flood (in feet) control
value to cutoff, depth checking
within WIFM; i.e., this is the MAX
land elevation digitized

’

v

0

* Related to XLAND as follows: DMPX is used in digitizing the grid--XLAND < DMPX
defines highest potential flood level elevation.

B6
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Card Group (Format)

4
(8F10.0)
(Continued)

Note: XLAND < DMPX defines
maximum potential
flood level elevation

(1618)

5 Required

Variable

Description

ROTA

TPRO

ADV

VIS

XLAND

NVGD h o

XSCOUR

SMAX

SINIT

DMAXG

DCON2
NVGD

msl
DLIMIT

MAXTIM
INTAP

B7

Angle of x-axis as measured coun-
terclockwise from EAST = 0° (in
degrees)

Start of prototype time for be-
ginning of run (i.e., time of day
in hours)

0--no advective or viscosity terms

l1--include advective terms,
linearize at boundary

2--include advective terms, use
approximation at closed bounds

€--viscosity coefficient multi-
plier; it is dimensionless and if
equal to ¢ omits the viscosity
coefficient usually set to 1 for
initial runs

A value of h (i.e., land or

water bottom elevation with respect
to NVGD datum); greater than XLAND
defines a cell that will never
flood (in feet) XLAND > O

A value of h < XSCOUR defines a
cell that will never go dry (feet)
0 < XSCOUR

If n > SMAX , cease computation
and print n (n is surface ele-
vation) (ft)

Set n = SINIT as initial condi-
tions (normally Q). Note: SINIT
= 999 , the code will compute in-
verted barometer effect (ft)

Positive bound on maximum total
water depth that will be ex-
perienced during simulation (in
feet) (for control of length of
friction table)

Value to add to tidal input values
to translate them to model datum
(NVGD) in feet

Negative value serving as an
artificial cutoff value on water
depths (h) (negative since h < 0)
in feet

Number to Tt's to run simulation

m--save n,u,v on logical unit 1
every mt
-1--no data is saved
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5_ Card Group (Format) Variable Description
{j 5 IDELAY Delay saving data on logical
" (1618) unit 1 until ITIME = IDELAY
' (Continued) (Note: ITIME counts the number of
5 time steps)
:- Note: Set these IPLOT #0--printer plots of elevation
- variables to zero; If these hydrographs will be made
L subroutines to plug con- 0--no plots
v ;;zzzpiziz g;:gter trols are IVPLOT #0--printer plots of velocity mag-
removed from the se? to zero, nitude hydrographs will be made
omit card 0--no plots
X program, but can roup 10
- be supplied upon group ICPLOT #0--printer plots of peak surge
e District request _i elevation along the coast will
S be made
0--no plots

o IXPAN #0--read in variable grid expan-

L sion coefficients in card

" group 6 which will be the

. output file from program GRID

.. saved on tape 7

0--indicates constant spatial
step input this step size in
card group 4 in DX and DY
variables

- NGAGE Number of locations where you want

- data saved, omit card groups 8 and

‘ 9 if NGAGE = 0 . Card group 8

a is gage locations if NGAGE = 0 ,
NFREQ = 0

NFREQ Frequency to print hydrodynamics
at gage points (every NFREQ t's)

- KREST Start run at ITIME = KREST.
Set to zero except for restart run

» 0 T e

AR MR

NZp Number of corrections to input
T depth grid; omit card group 14 if
- NZp = 0

.. NZQ Number of corrections to input
- coded friction grid; omit card
- group 16 if NZQ = 0

MDTAP Logical unit for depth and coded
friction input data (normally 5)

:5 NTABLE Length of wind input data; i.e.,
. - number of entries in the table

IGLOB n--save boundary conditions (on
logical unit 25) from Global
‘i Grid at n points (cells) for
:ﬂ later use as forcing conditions
. to an embedded grid (will need
card group 29 to locate indices)
- 0--no saving for later use

B8
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Card Group (Format)

6 Optional
(4G20.11)

This group is created by
program GRID on tape 7 and
is omitted if IXPAN = 0
or INITL =1

7 Required
(1615)

8 Optional
(1615)
Omit if NGAGE

[}
(=}

9 Optional
(1615)
Omit if NGAGE

H
(=]

v =

+ +
(Vn,m vn-l,m Vn,m+l *

TSR N

en
n

+ +
(Un,m Un,m-l Un+1,m *

(n,m)

Vn=l,m+1

(Un,m * Un,m-l)

N

vE (Vn,m * Vn-l,m)

N

10 Optional
(515,2F5.0)

Omit all if: IPLOT

ICPLOT

and IVPLOT

nonu
(===

Variable

Description

ANG

YNU.

1

NPRINT

NPOT,
i

MPOT.
i

IGAGE
i

)

Vn+1,m-1)

B9

Dummy variable for the first value
of GRID output

Expansion coefficients for n-
direction (horizontal) of the vari-
able grid = 1, NYY NYY = 2*NMAX
(dimensionless)

Expansion coefficients for verti-
cal direction (indirect) of the
variable grid i =1,

NXX NXX = 2*MMAX (dimensionless)

Time step index to print grid an
array of 32 elements thus allowing
up to 32 printouts (array must be
filled, so two cards are required
to satisfy the read)

Horizontal indices of locations
(i.e. gage) where you want data
saved; location is expressed in
terms of the horizontal dimension
of the grid (N values) i =1,
NGAGE

Vertical indices of gage locations
(M values) i =1 , NGAGE

Codes for methods of computing
flows at gage points i = 1, NGAGE
1--u,§

2--ﬁ,v

3--u,v default

<l
< |

4pt avg of
at u)

en
L]

4 pt avg
u at v
4--u,v
5--u
6--v

7--u

8--v

These groups are actually three
different sets of variables, each
set associated with a type of
printer plot to control format of
plots; variable list and descrip-
tions are not included

Subroutines have been removed from
the code, but can be supplied upon
District request

e S

]
o
-]

&

ey~ S,
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Y AR
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Card Group (Format) Variable Description E

P

kS

10a Optional IPLOT--controller for elevation 1
(1615) hydrographs ¥

IVPLOT~-controller for velocity
magnitude hydrographs o
ICPLOT--controller for peak surge .
elevations (along the S
coast) plot o

+ Ref: card group 5

11 Optional WATi Variable wind velocity (mph)
(16F5.2) i =1, NWAT, NWAT = THETA (see ;
Omit if WA NE-1 group 4) R
£ 4 K
ret group T}{Ti Corresponding wind direction mea-
sured from North as THT (deg)
i = 1, NWAT
12 Required This card group codes terrain and barrier i
(10E8.1) characteristics. Each variable in this card K

group has 20 values

XMANi Manning's coefficient for each
code i (i = 1,20) used for de-
fining friction (Note: value of
code (1) is used for all water
outside the computational
boundaries).

This array must be ordered in the
same manner as the depth zones de-
fined in card group 15. For
example--lowest value to highest
value of Manning's coupled with
depth zones of deep to shallow (i
is dimensionless)

ZB. Barrier height for each code
i=1,20.

This array is referenced by card
group 17 variable INDX (ft)

CBi Chezy coefficient to approximate a
barrier of overtipping for each
code i = 1,20

(e . £t1/2, sec) ¢ = 1452(sb)1/6
™
COi Admittance coefficient for over-
topping barrier (Vg , ftl/z/sec)
usual range (3-5) i = 1,20
CAYD Recession coefficient for draining

of flood cell~-keyed by friction
codes (fraction of water depth to
be allowed to drain within one
time step) i = 1,20
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Card Group (Format)

12
(10E8.1)
(Continued)

13 Required
(10F8.0)
Omit only if INITL.EQ.1

13a Optional
(1615)

13b Optional
(16F5.1)

13c Optional
(1615)

Variable Description

CDi Admittance coefficient for limit-
ing movement of water onto flood
cells--keyed by friction codes

g , ftl/2/sec) usual range (3-5)
i=1,20

CANPYIi Canopy coefficients for flooding--
used to increase Manning's n
friction coefficient over heavily
vegetated marshes.

CANPY2 (C1 dimensionless) (C2 is in feet)
2
-d /C2
e =Ny 1+ Cle for
d <5 ft
Set C1 =0, and C2 =1 for

nonuse. i = 1,20

TMPn Depth grid array; depths at center
of each grid cell. For row M of
depths n = 1 , NMAX, start a new
card for each M : wunits of mea-
sure (ft) negative in sign

Include only if ISAL # 0

IDEPTH Number of depth intervals employed
to interpolate initial salinity
condition based upon depth

IFIELD Number of patches in which initial
salinity conditions will be input
on a cell-by-cell basis

IZONE Number of zones in which the
initial salinity condition will be
a constant

Include if IDEPTH # O

THPN Salinity initial value array,
N = 1, IDEPTH (ppt)

D(N,1) Depth value array, N =1,
IDEPTH + 1 (ft)

Repeat IFIELD times. Include only if

IFIELD # 0

NL Lower horizontal limit of patch i
(n~coordinate of cell)

NU Upper horizontal limit of patch i
(n~coordinate of cell)

Lower vertical limit of patch i
(m-coordinate of cell)
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Card Group (Format) Variable Description

13¢ . L
MU Upper vertical limit of patch i
(1615) {m-coordinate of cell)

Conti d
(Continued) Repeat (ML - MU) + 1 times

(16F5.1) CN(N,M), N = NL,NU Initial salinity concentration
(ppt)

13d Required Card groups 13d and 13e are ref.
Omit only if INITL.EQ.1 Subroutine CONST to read in five
different sets of values for the

following conditions:

13e CN--initial salinity values (in
ppt) required only for
IZONE #£ 0
CX--dispersion factor in the X-
dir (dimensionless)
DKXX--dispersioQ offset in the
X-dir (ft®/sec)
CY--dispersion factor in the Y-
dir (dimensionless)
DKYY--dispersiog offset in the
Y-dir (ft°/sec)

The variables for the card group are:

(415,F10.0) NZ Number of zones covering the grid
1st card

(415,F10.0) NL Lower horizontal index of zone
2nd card

NU Upper horizontal index of zone
ML Lower vertical index of zone
MU Upper vertical index of zone

R Value of CN, CX, DKXX, CY, or DKYY
to be read in. This is a single
value for the set of cells defined
N=L,u, M=L,u; i.e., cells
(N,M) where NL < N < Nu and
ML <M <Mu

Repeat the two cards of this group until all
initial condition variables above are
satisfied.

14 Optional N Corrections to individual celi
(215,F5.1) depths

Horizontal index of cell
Omit if NZP.EQ.P or INITL.EQ.1 M Vertical index of cell
DNM Corrected depth of cell (ft) nega-

tive in sign, digitized depth
without model datum correction,
usually reference is nautical
charts, MLW or MLLW Gulf Coast
Datum
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Card Group (Format) Variable

Description

15 Required N
(3512)

Groups 15, 15a, or 15a alternate
are required unless INITL = 0

If N =77 , the next card begins
the friction codes for all cells
in the grid

If N # 77 , subroutine FRICIN is
called. N is the number of
depths used to develop the fric-
tion codes and the card which
follows begins the definition of
depth ranges

Within SUBROUTINE FRICTN

15a Required DP,
(8F10.1) i

In this group--the scheme
operates to assign a Manning's
n based on depth

Omit if INITL.EQ.1

Depths to define ranges of depths
which correspond to the Manning's n
in the XMAN array, used to develop
the friction codes (see group 12)

i =1, ND (Note: N =ND and
LE.21)

DA's are negative values and must
be put in the same relative order
as the values of Manning's n in
XMAN. (Note: deep to shallow if
lowest to highest is the order of
Manning's n) (ft)

15a Required Use this group if SUBROUTINE FRICTN is not
(3512) used. This alternate group 15a is the fric-
tion codes and is related to card group 12
(XMAN)
In this group the scheme ITIDEM This variable is read within a
operates to allow you to DO LOOP where N = 1,NMAX ..
assign the Manning's n M = 1,MMAX
A ITIDE is a number for each cell in
Omit if INITL.EQ.1 the grid between 1 and 20 cor-
responding to the elements of array
XMAN which you wish to assign to
each cell. The loops operate to
assign values by columns
16 Optional Used for corrections to coded
(415) friction grid for individual cells
Omit if NZQ.EQ.0 or INITL.EQ.1 N Horizontal cell index
M Vertical cell index N
MAN(N,M) Number 1 to 20 to correspond to )

The code sets up flag areas (internal flags) for each u and v cell face
(see diagram following) in the grid based upon depth field and advection code

(ADV is set equal to 0, 1, or 2).

Card Group 17 provides for establishing the codes for boundary flags and card
group 18 provides for correction to the internal flags.

B13
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Card Group (Format) Variable Description

17a Required ITYP Barrier type codes

(312,614) 1--exposed barrier at all times
Omit only if INITL.EQ.1 2--overtopping barrier

4--submerged barrier

8--tidal input

9--flow input

99--exit this group of input,

leave remainder of card blank
UNLESS you wish to make cor-
rections to the ICU and ICV
flag arrays then leave INDX

L. and IDIR blank and set I1 # 0
S and include card group 18. It
- should be set to the number of
- corrections to be made

. INDX Value is from 1 to 20, keyed to

element of array ZB in card group
12 to set barrier heights if ITYP
o is set to 1, 2, or 4

.
L
.
]
L~
o
]
e
L
-
o
N
-
.

- For ITYP set to 8, value is from
- 1 to NTID (NTID is the total num-
F ber of tidal input signals), i.e.,
" identifies which tidal input

For ITYP set to 9, value is from
1 up to NFLD to identify which

flow input ;
IDIR 1--flow direction is through u
cell &ace
2--flow direction is through v |
cell face !
'
1
I1 P s as .
12 Locator grid indices for barrier,
13 tidal input, or flow input
For a u face feature:
I1 is the row (M) )
12 is the beginning column (N) )
I3 is the ending column (N) «
q
For a v face feature: .
11 is the column (N)
12 is the beginning row (M)
I3 is the ending row (M) '
Bl4 '

'
‘
'
-
.
L]
.




-T 4—' Pl

Card Group (Format)

17a
(312,614)
(Continued)

i7b Optional
(F8.0)
Include if ISAL # 0

18 Optional
(415)
Omit unless
ITYP.EQ.99.AND.I1.NE. ¢

See description at ITYP and
INDX codes above

19 Required
(415,F5.0)
20 Optional

(4Ab,3F10.0)
Omit if NT10 = 0
or NCON = 0 or
NBG = -1

(Tidal inputs)

Variable Description

14 Used with tidal or flow input
only, otherwise leave blank
0~-input directed toward the right

or bottom of the grid
1~-input directed toward the left
or top of the grid

I5 When used ITYP =8 , INDX =1
16 Used for tidal input only when you

want to interpolate the values for
the tidal input boundary between
two tidal signals. I5 and I6 cor-
respond to the two tidal signal
numbers; i.e., the elements num-
bers (of your 2 signals) in the
tidal signal arrays IGX and IGY

XDL Dispersion coefficient reduction
factor for flow restriction
(dimensionless)

Correction codes to ICU, ICV flag

arrays. This read statement is in
a loop which will execute I1 num-

ber of times

N Horizontal index of cell
M Vertical index of cell
ICUN’M--a 2 digit code, n.n, ,

where n, is ITYP and n
-is. INDX of the specific i

face of cell (N,M)
ICVN y~ ~same except v face condi-
’ tion is described by n,n,

This card group is a special
application:

NBG--set equal to 0
KSHFT--set equal to 1

NBG 0--normal

-1--no tidal input or discharge,
used for storm surge

KSHFT Time index unit, where the simula-
tion begins in the boundary input
tables; i.e., time step index for
beginning of input used with
HOTSTART CONDITIONS

TITLE Gage title

TLON Longitude in degrees of gage
™ Time meridian in degrees

HO Mean value referenced to model

datum
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Description

Card Group (Format) Variable
20a Optional HM, .
(8F10.0) It

Use only with 20
KAPPA . |
J,1
20b Optional SSV,
(15F5.2) J
These card groups are tidal
boundary INPUT, thus omitted
if NTID =0 XKQ
ALP

Repeat card group 20b (NTID-NCON) times.

NOTE:
additional groups repeated (NTID-NCON) times.
20c SSV,
(15F5.2) J
21a Optional SSV.
(15F5.2) omit if NFLO = 0 J
These groups are flow inputs
XKQ
ALP

Repeat this card group for each flow input

If ISAL.NE.O you will need group 21a repeated for each flow input as well

21b Optional SSsV,

(15F5.2) J

22 Optional

(¥F5.0,15) XLEVEL
NTD

B1l6

Omit if NTID = NCON

If you are simulating salinity ISAL.NE.O, you will need the following

Tidal amplitude for each of the

tidal constituents

j = 1,NCONT (NCONT is the element
of the array NCONST
which holds the values
of the tidal K
constituents) -

1,NTID (number of tidal inputs) i

|

1 =
that is, HM is the spe-
cific tidal amplitude
in feet of each con-
stituent identified by
its element number in
the array NCONST for
each of the distinct )
tidal inputs

Tidal phases of the constituents
as above (in degrees)

Tidal elevation for each time step

j =1,IT (IT = ITID (card group
3) the number of entries
in the tidal input table)

Shift in time step units

Amplitude multiplication factor

1,IT--specific salinity value
for each tidal signal

J' =

Discharge (in cfs) for each time
step

j = 1,IT where IT = ITID , number
of entries in flow input

table
Shift in time step units

Multiplication factor

1,IT , specific salinity value
for each flow input
(NFLO)

j:

Specify if IFETR # O
Feather level for tidal elevation

Number of time steps for flow input
feathering
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Card Group (Format)

Variable

Description

Card Groups 23 and 24 are presently not being utilized. Subroutines have been re-
Supplied upon request.

moved which accomplish range output.

23
(1615)
This card group controls range
output
Omit if INITL =1
Use a blank if JNS =0
24 Optional
(1615)
Omit if JNS =0
25 Required
(1615)

These control variables are for tape
tape 3. The plotting is automatic.

JNS

JT1

JPER

JDT
JMUL

JDELAY

JDIR,
i

JMN1

JMN2

MNPOT

MSKP

MDLY

NVELPN

MVELP

MVDLY

B17

Number of ranges for computing
volumetric discharge (if equal to
0 put in a blank card for this
group) integrated value

Time index marking beginning of
discharge computation (time step)

Period of discharge cycle in time
index units (total length of
cycles in time steps)

Sampling time step in time index
units

Number of seconds in sampling
period (Tt JDT)

Delay print of special gage data
until ITIME = JDELAYS (avoid
spinup time computation)

Direction of flow in discharge
range. Coded:

1--vertical direction
2--horizontal direction

where i = i,JNS

Coordinate index of the range line
i =1,JNS

Range line extends from JNSli to
JNSZi

where i = 1,JINS

Number of special gage points to
be punched and/or plotted for sur-
face elevation data

Frequency to punch surface eleva-
tion data (i.e., every MSKP t's)

Delay punch of surface elevation
data (at special gage points) until
ITIME = MDLY

Number of special gage points for
punching and/or plotting velocity
magnitude

Frequency to punch velocity mag-
nitude data (every MVELP 1's) (1
is time step)

Delay punch of velocity data until
ITIME = MUDLY

(punch) or plot output and are output to
Plot file name must be specified in JCL.
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Card Group (Format)

26
(1615)
Omit
27
(1615)
Omit
EQ.¢
28
(1615)
Omit
(see
29
(1615)
Omit
(see

if NNPO7.EQ.9

if NVELPN

if ISURG = 0
card group 2)

if IGLOB = 0
card group 5)

Optional

Optional

Optional

Optional

Variable

Description

INPOT.
i

JMPOT,
i

NVCORDi

MVCORDi

COAST.
i

IU1,
i

102,
i

B18

N indices of special gage points
for surface elevations data (ref.
card group 25) i = 1,NNPOT up
to a maximum of 30 pts

M indices of same (start a new
card) 1i = 1,NNPOT

N indices of special gage points
for velocity magnitude data i =1
NVELPN

M indices of same (start new card)
i = 1,NVELPN

Indices of open coast cells where
i = 1,NMAX for horizontal coast-
line and i = 1,MMAX for vertical
coastline. This information is
obtained from program SHORE

N indices of cells where boundary
conditions are to be saved in
global grid, i = 1,IGLOB

M indices of same i = 1,IGLOB
(start a new card)
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APPENDIX D: REFINED GRID OUTPUT DATA

D1

- . - . ey et e e e T e et -
~, -P‘.' - S -’ . s et e et e e (T
R Ay A .',-\Ln\‘r..}_.},,\,‘\‘h." PP, RPN RIT .{_-r.'L.AL;"




wzo:.<uo._ uuqu 4<-uusw
L} Qu¥d=-vLVQ iNndil

0T 0TI TeOTTT0OTT T 0 INJ¥GN
0. .0 0 - 00ZL 09LS 02E 0882 0wl AINIYSW
. L QY¥I--viVva INGNT_

. R ﬁ ) ; S . : 3TN 1 s152°1

LYY “. u.omNa._.Axu..uoawwwqo - 00480 T T GootgfeT TIGSL 0 7776 NL99D T T T T90009°0
. 89LvS%0 B2G6 40" }5SLW0 £L06€°0 8IvL2Z*0 £L€T2 0 ©ot199t-o 12321°0

.. 10-392v66°0 - T0-35P466°0 ¥ _TO0-3S¥565°0 _ 10-350965°0 _10-329966°0 __10-362166°0_ _10-326466°0 [0-395366°0
10-312666°0 10-318666°0 TTg0001°0 zZtooto 61001%0 920010 ££001°0 05001°0
94001°0 - 6S00T°0 - €9001°0" eTLTIT1%0 | 0L9€T 0 266ST 0 8648170 09922°0

‘t1092°0 = 60e82° €8128°0 L635€°0 - 611040 ZCsev 0 1€%06'0 556500 .

TTTTTRRRN6Y 0 T T 1006 0T 0T TITTRIGEN 0 TTTTIEZ00 00 7T UUGZGLYT 0T TTTTTEZ0LN 007 T 6169670 T 6666407 T T
6L¥GH°0 .. 9¥GSEC0 T T 4192270 - GIET2%0. £0C91 0 Zee2l 0 T0-39T0% 0 10-309396°0

T0-34L866°0 - °  Q0L0T“0--. :~ B¥901°0 SLES[*0 0Le22°0 £92¢¢'0 2265¢'0 09s5¢°0
T T  66ke V0T, . 00008807 28005°0 7 GOEES* 0 T €6396°0 77 90609 07 77 g2eg9 o L250L°0
2vE9L°0 | G2LI8°0 - :L9693°0 v b0bgev0 1800 t v 0ttt gece 1 904¢ - 1
ze9s* T . 1565°1 - 6829 1 1 68H9°1 B9TL T sLLet 6031 TXTRA |

A - - — T L IR TNOTISIUTY=A NI~ SLHSIIA ‘zo_mz.:ull
ST I 00060t © 000S° T 000 T _ | 0005°t . owLget R 17X 1 O go61-1T . szt
TTNE 14 1 08 . BOTOCT T 18693%0 ° 0662670 | w2068 0 21HS8 0 00629°0 Sy202°0
T -!.22...... . TTeLssLd TgeL99to 2S26S°0 .° 1 96425'0 ISwie'0 T 119280 12322°0
99191°0 . ¥SIT°0 " S2201°0 10-31L%56°0,/ 10-2L8¥26°0 10-326193 0 L98€T 0 15922+0
. B9GeED €6 ¥EG 0 - ¥¥0E9'0 ¢ SL6EL%0 Zev98 0 1900°1 30246 0 £1556°0

; TSTLE6T0TT . 9EINE6 0T 6E963TOT T B2LLR*0 8686370 TEeINe 0 6582870 T T T te308°0 T T~
60LL8°0 " ' S6066°0 ,.0 ", 0620 1 YerIr T 5661 T ¥ 1 L03€ t Gese 1

RO : \ R : e o . NOILDIUIQ=X NI SIHOI3IA NOISNVJIX] _

IS : = i - 9  QuvI--v1v0 iNaNI

au.!snu TTE TN e TTIT T 1 ‘0 0 0 6666 1- 002¢L
oe.._unoudm:.z.m-.—az-o~z.u~z.hmu¢x.cuzu20 JOVINSNVAXT1 *L01dII*L0VAAT L0 NI AVIIQL S VAT CHILX YN

e o S ' OMVI--ViVO IAdNT _
-
o R 00°00¢- 00000°0 " 00 002 000000 sgtrot 2000° 1 0090-3
011134 sonmmmme 'L 1 Iy ~0600070 " """"00000¢0 000° 0§ 00001 2008- 1 ~ " g090-( -
0000°9 . 0Q000°T 00000°0 0s2 0¢. ‘002-2¢ £oeees £ seee 60009

:.:.E.wmooo.9@3.:5“.x:.m.g:oum:.oz..;.3>.>o-.o¢&.:o¢.-%c TNOJ40SdY *GSJISYLIHL YA IXLYIVea¢aa*Xa*NYY
v v GUYI--VIVO 10NN

- . e emeite SeSen e e —s—es 0 paoNT

e

(1 0 0 09 2- 2~ T gy 'er 2 0 oset 9 B
ISYECSNSUSHICSHS SN ISHO JUNSH S UAH P UAN S €AV S 2dN ® TINSOTINSITINSATLI*OILL

£ 0¥¥I--viv0 NN~
T TTETTTT00%00T 00 0ST OMMT T U TTUTTSHX SXWMISIIYSTICIVSET T T T
6% z<:uzoozct~.»oz~.w¢=m~o._u>uuo._>..u-¢u>o~o._»~z-.14::.1428

e i Soean e %...QYY)=-VLYQ _ANdNI__

. .
R

. Q149 0INISIV STINNVHI ¥INO09YISVd T Quvde=

va ineNl

D3




et b s ok b st o b a4 o

S$39v9 My ¥04 NOILYINIIY) ROT4 INILIQ

J9vsl

D4




e . P
’ s

- 3 L 30141°YYVAL400074I-S¥OLIIA
: ’ ) : AVYYY 9¥14 401
- N S*ININNVYH

———————— e :.A:..-.nr - - . g v - . - o e ——— e - —o g ey
SAvyyY uZMIOJJOm U:h QILINYLISNOD SVYH TvOIl WYYIONWd

T TTTRETTRT T IR TS0 U0 T UON0IART

By 8% O €€ 2 S€ ¢ QUOIAN

L2 QuvYd=~-vLiv0 INdNI

8 e 9 (14
6" 6 LIS

.m . : % s . 10dWP ONV LO0dNI
: (] ]
T T KECTRPUE S 7 Tt - 92 0¥YI~-VIVOTIMaNT
’ ’ . A 3 b " . .
S ey * _m { f .
; ) e [ U9 L, 07097 T T T T TATOANS dIIAR S NGIIANS A TGH Y SHELOINN T T =
' R Lo o S S2  0¥vd--viva inent
- Al T . R o T e 3 ; I.|I||..,n st
e .. . ot v, . B
'00G%0 " 00G%0 - 00S°0 . "005°0  006°0 . 00G°0  005§°0 00S°0  006°0 _ 00S*0 & 44300 AdONVD

TTTTTTTT006°0 T 005207 006°07 00540 T 7006 07 0050 005 0 T006'0 77006 0 77006 07T T 2 44303 AJONY)

00s°0 005°0 00s°0 00s°0 006 0 * 00S°0 00s°0 00¢c*0 006-0 005°0 - 44393 AdONY)
006°0 _ 00S'0 00S°0 -,006°0 00570 005 0 © 005 0 goc'o 005 0 0050 33393 A4ONYD

T 1 008°0°7T7006%0 006°077°00S%°0 7700670 "OSTO0 T 0060 7T 005°0° 0087070050 uuuou av-00014 — 77
. 006°0 “- 00S°0 005°0 - 005°0 ., 006'0 - 006'0 006-0 00s° 0 005 0 005 0 44300 Qv-00074

-000°0 : 000°0 . 000°C . 000°0 0000 ' 000°0 oooc'o 000°0 -000°0 000 © 44307 NOISS3I3¥

T et :-,w-.LJxa:-r,eoo.g.-.aae.a "T000°0 T 000°0"" 0000 .~ 000°0  000°0 000°0 0000 00) ¥ 43303 NOISSIIIN

000°0 000°0 000°0 000°0 000-0 " 000-0 000 ¢ 000 0 000 O 000 0 44300 dv-¥v9/10
< 000°0 000°0 000°0 000°0 000°90 < 000°0 000 0 [ 11 000 0 000" 44300 QvY-yvE/s10
~00000*T00000°U- 00000 0 00000°0 0D 0D0®000000°D 00000 T 00000"0°00000¥070000070 — SAZIWUI HITWWYA
000000 °00000°C 00000°0 C0000°0 00000°0 00000°0 00000°'0 00000°0 00000°0 00000°¥ SAZIWI ¥il¥yve . |

e ; 000%0.. 000°0. : 0000 ..000°0 _ 0000 . 0000 _ 000°0  ©A0*0 _ 000°0 000 0 _SLHIIJW ¥ITWyve
T 000*6™ 00040~ "000°0" " 000°0 " 0000 " 0007077 000 0 000°0 700070 7000 0T "SL49I34 ¥Ilywve
. ;2% ¢ 620%0  820'0  £20°0 920°0- G20 O 20 0 €20°0 2200 1200 020 0 $3002 NII131¥4

610°0  ¥T10°0 L10°0 .910°0 GI0 0 %10 0 €10 0 210°0 Tto 0 0t0 0 $3002 NII12E¥4
& T e s CTTTTTTUTTTTT O ST Rl QUYI--VAVA TANANT S

]
vo'z ot Tes T Te Y TTRentr T T T T
90°2 €2 83 2 16T 9tz NOIIDI¥IO
0L*9 0I°G  0&'v Qv L O0L'9
eoo«;~|¢a.~a|'anan.|1unqn|14aa.unnuaa.nnv.an.oll.aq.¢.1xq~qqns.aaqm‘;-go. T 02 STTOSTLTTIO09 6 0 ALIIOVMT T
) . L ..YLVQ ONIA 310VIYVA
o TT  Quyd-~-viva 1ndNt

..rl...r i e e e e

28°t g2°z  08'T - 06°1 se*1  c2e2 et

_
3
¥

. .o -, - SR
bh.b-?.ii- LI

D5




T T YT T Y T r ~ - Y

TLI®  TLU8  TLT8 TLY8 T2Y8  TLIY TLI8 TLI6 1218 1218 TLT9 TL¥9 TLYS TLU3 T8 TLE3  WT9 1419 TLl4 TLID (14 =4
09097 0909090970909 0909 0909090972929 2929 29292929 2929 T'2929 T 292977292977 29297 2929 72929 7 2909 T 13017 TTULZ T
0909 0909 0909 0909 0909 0909 0909 2929 929 2929' 2929+ 2929 2929 2929 299 €9¢9 €£9€9 €9£9 €919 I(90L 92
0909 0909 0909 0909 09I1 O09TL 09T Z9TL. -29TT - 29TT - “29T1 0911 OT0T ~OI0T 0609 0929 2929 _ 2929 2919 190t _ S
TT0909 0909 T0909770909T 0909 090970909 €929 £929776929 7 §9297.£90977 2908 72906 TZ9U1I T29TT T 09TTITOL0T T 0609 1A0L T T w2
0909 0909 0909 0909 0909 0909 0309 €9¢9 €9€9 €£9¢9 §9€9 €9£9 €929 €929 €929 €929 €909 090S 0LOL oO10k €2
0909 0909 0909 0909 0909 0909 0909 €9£9 €9¢9 €9£9 €99 €99 €9£9 €£9€9 €9€9 €9€9 €9¢9 €909 270§ T130¢ 24
0909 T0909 T0909 70909 70909770909 0909 TE9E9 TEILT TEICT TEILI LEILI TEILI T €997 "€9C9 T €969 £9€9 T €99 €909 TY80L 71T
0509 0909 0909 - 0909 : 0909 0909 0909 £9¢9".€9¢9  £9€9 .€9€9 €9€9 €9€9 €9¢9 €9€9 €9€9 €989 €9¢9 €919 T304 = 02
0909 0909 .0909 0909 0909 - 0909 - 0909 - §9€9 £9€9 €5¢9  €9€9 €9¢9 €9€9 €909 €9¢9 €9¢) €289 _€9€9 €919 180L _ 61 _
<"0909°70909°7 0909 0909 T70909 770909 709097 7€9€9 7 £9€9 T €9€9 T €989 £9€9 T£9(9 £9€9 ~ €9€9 €957 T €9C9 €9€9 €919 1304 81
0909 0909 0909 0909 0909 0909 0909 0909 6909 0909 0909 0929 0909 0909 0909 0909 0709 0909 0909 1V30L i
5 0909 0909 0909 0909 0909 0909 0909 0909 0909 0909 .090% 0909 0909 0909 0909 0909 0939 0929 0909 130 91
70909770909 0909° 090970909 T 09097 050970909 -U909 050909090909 0909 ~ 0909090970903 " 0909 0999770909 " T30L ST
g < 06909 " 0909 0909 0909 70909 09090309 . 0905 . 0909 0909 0909 0909 0909 0909 0909 0909 0909 0909 0909 190L ol
0909 0909 0909 0909 : 0909 "0909 0909 0905 _0909° 0909_ 0909 0909 0909 0909 0909 0909 0909 0909 0909 180L <t
~T090970905 770909770909 090970909 090909090909 0909 8909090970909 0909 09097 0909 0909 0909 0909 " 1304721
0909 0909 0909 0909 0909 0909 0909 €9€9 1919 0T0T 0509 09€9 €99 €99 €969 €969 €9£9 €969 €919 1T30L 1t
’ 0909 0909 0909 0909 0909 0909 0909 €9€9 €919 290§ 0911 TII9 T999 (969 €99 €99 €9¢9 €9£9 €919 130L ot
: 70909 090970909 090977709097 70909709097 Z9LI TLILI T £9TIT 90T TILITEICH T €L T £9€9°77 €909 TH9E9 T¢9¢9 €919 " 130L T 6 T
0909 0909 0909 } 0909, 0909 0909 . 0909 1109 0929 29€9° £9£9 €9¢9. £9€9 €969 €959 £9¢9 €9¢9 €99 €919 IsgL )

0909 0909 0909 - 0909 ~ 0909 - 0909 - 0909 0T0L - 0TOT 0619 19¢9 €959 S'€9T9  £9€9 _ £9€9_ €9€9 _ €9£9_ €99 €919 1404 3

' —0$09 770909 0909709090909 0909”0909 " 0TGT 00T 0GT9 T 19£9.7C9E9T£9C9 T €9€9 T €969 £9€9 T €9£977€959 T €919 T 130 9
L 0T0T OtOT OI0T 0S09 0909 09039 0909 2906 290§ 2919 ¢€9€9 £9¢9 €9€9 €9€9 €§9€9 €9¢9 €9¢9 €9¢9 0909 0Ol0l s
0T0T O0I0T OTOT’ 0609 0909 0909 OTOT _OIOT O0TOYT O0GT9 1T9EI €959 29¢9 29¢9 €9£9 2929 2929 0909 otovr otol J

' TT0I0IT 00T OTOTTTO0G09 T eooodaowulduoalld.—aﬁilaaeu 06197 Y9€9™ 0909 TT119 ™ TIT9 T 0909 ~0TOTI T 0TOT~ 0IOY ~O010T QIOV ™" —¢
' . 0T0T 0l0T  oO%I0T. 0609 “0909 * 0909 O0TO0T- .010I-..0T10T 0S09 0909 O1OT . OST9 109 OTOT  OTOT OUOT OFOT of0T ofot e
i _010% ‘o010t oOl0% onoq 0426 . ::en otot.-0t0t1 ;0707 0Y0I oOv0T 0T0T. _oOL16_ OTOT oOl0T OTOY OVOL_ otot otol ofot ]

o~ ambadn P S AR A I Y ¥V e e+ v o b oo B AP A S - A oo iS4 —— R g

! (14 61 ot L 91 S1 L2 £t el 11 ot ) 8 L 9 S v £ 14 t N W
AVYYY 9V4 )1




TL18 T218 TLI@ TLI8  YLTB Ti18 ILTI@ TL19 TL18 LL18 1418  IL19

0509 70909 09090909 70909709097 09097 0903 T 0909770509 70909 " 0929

0T0T 00T 0O 0S09 0909 0909 0909 .0909 0909 0909 0909 0909
090S 0905  090S_ 0909 0909 - 0909 0909 0909 -0909 09IT ‘0911 0909
T 0909 70909 770909770909 T0909 70909 T0909™ 0909 70909 0909 0909°-10909
0909 0909 0909 0909 0909 0909 0909 0909- 0909 0909 Q909 0909
0505 0909 0909 0909 0909 0909 0909 0909 0909 0909 "0909 0909
0909 T0909 " 0909 0909 7090970909 9097090970909 70909 0909 0909
0909 0909 .0909 .0909 0909 0909 0909 690970909 0909 0909 0909
0909 0909 0909- 0909 0909 . 0909 06909 ; 0909 0909 0909 0909 0909
“"0909 7 0909 0909 " 0909 709097 70909°7°0909" 0909 70909 T 0909 0909 0909
0909 0909 0909 0909 0909 0909 0909 0909 0969 0909 0909 0909
0909 0909 0909 0909 0909 0909 0909 0909 0909 0909 0909 0909
—0909 770909 T0909 0909770909770909 090909097 0909770909 0909 0909
0909 0939 0909 0909 0909 0909 0909 0909 0909 0909 0909 0909

0909 0909 0909 0909 0909’ 0909 0909 _0909_ 0909 0909 0909 0909

12y
2929
£9¢9
€9¢9

£9¢9
£9¢9
£9¢9
“£9¢9
£9¢9
€9¢9
£€9¢9
0909
0909

0909

~°0505 T 0909 ~ 0909 0909 0909 0909 0909 0909 0909 0909 0909 0909

0909 0909 0909 0909 0909 0909 0909 0909 0909 0909 0909 0909
0909 0909 0909 0909 0909 0909 0909 0969 0909 0909 0909 0909
—10909 709090909 0909 70909770909 T 09097 0909770909 T0909°"0909:7°0909
0101 0G09 0909 0909 0909 : 05909 0909 0905 0909 0909 0909 0909
0107 0509 0909 0909 0909 _0909- 0909 0909 _. 0909 0909 0909 0909
TOTOTT OTO0T TO10T T0S097 09097 0909°70909 T 0f01” 0l0T ‘otot oVO0T 0%OV
ototT otot aQtor otot 0S09 0909 Qgtor OTOT OTOT QvOT QTOT OOl
0toT 00T 9210t 00T 0609 0909 0101 OIOT OYOoI oOYOT oOtOT oQfoT

0909
0909
0909
£9¢9
£9¢9

T 99

0101 " 0TI0T~"030T~ QYOI ~"0T0T 0107V~ 010V S0TOT~ OIOT "OTOT ~"0l0T ~Q0IOL"

0TDT OTOT 0101 O0TOT OTOT OTOT O[Ol OTOT .0TOT oOFOT OFOT OT0t
. 010T__0TOT__oTOT_0OTOT_ 0TOY _0Y0l 0FTOT _0TOT; 0T0T  otor -oTol orol

S0
- PSSR, g = s PR,

e 18 08 62

4

£e .

.0y g T Y

9¢ -
A T

., ¢ - o

£9¢9
929
otor
gtot
orot
oto0t1
6To1

otot

82

L8
929
£9v9
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9
0309
0909
T09209
0909
0909
0909
£9%9
£9¢9
£9¢3
£9¢9
29¢9
0599
otol
(AL
gfot
otot
otol

Le

e
2929
€9¢9
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9

- £9¢9

£9¢9
0909
0909
0309
0909
0909
0909

£3¢€9°

£9¢9
£9¢9
£9¢9
£9¢9
0923
gtotv
[ REA
otot
o10¢¥

__otot_

92

13
2929
€9¢9
£9:9
g9gy
£9:9
€919
£9¢9
£9¢9
£€9¢9
£9¢9
09499
0909
" 0939
0969
0909

T0909

£9¢9
€9¢9
T €959
£9¢9
€9¢9
‘2929
atot
otol
ot0t
otor

114

TE9L9

teie
2929
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9
£9¢9
0909
099¢@

0909

0909
0909
0909
£9¢9
£€9¢9

£9¢9
€9¢9
2929
otot
0T01
[RRY
oloY

oTor

144

teee
2929
€9¢9
€9¢9
£9¢9
£9¢9
19¢9
£9¢9
£9¢9
£9¢9
19¢9
0309
03239
0909
0909
0909
0909
£9¢9
€9¢9
£9¢9
£9¢9
£9¢9
2929
010t
otot
otov
o1o0t
otot

(44

82

e
92"
62
"
£
22

-tz -

124
61
ol
33
9t

o
£t
et
1t
ot

~
[=]




e T

-

A

s e
TTTTTTTIeTL T 0909
' », Tyte 091t
LY. 18TL 1909
TTTTTTieIL U 1919

t81L 1919

181L 1919

T LT 1919
©.TBIL 1919

. terL 1919
T 13TL 1919
12t 09509

1814 0909

_ 1891470909
1814 0909

181, 0909

TTrete T 0909

1giL 1919

1314 1919
TR TI9T9
. CI8TL 0909
__ototr__ovot
ST etot ovov
otot oot

otor otot

- TTTet0r otot
-grotr  otov

S _._otot_ otor

——

[14 (1)

TLT9  TLT8 1413 1418 TLt9 (LR
1729297 2929 T 2929 T 2929 2929 0909
2911 29I1Tr 2911 29It o09!T otot
£929 €929 €929 £929 €909 090G
"€9€9 £9¢9 €957 €9¢9 £9¢9 0909
£9€9 €959 €9¢9 €9%9 €99 0909
€9¢9 €99 £9£9 €9¢9 €9¢9 0909
£9€9 77€9€9 TC9CITE9C9 T£9€9 T 0909
€9€9 €9¢9 €99 €£9¢9 ¢€9£9 0909
£€9€9 €9¢9 £9¢9 €9¢9 €9¢9 0909
€9€9 €9€9 €959 €99 €9¢9 0909
0909 0909 0909 0939 09C9 0909
0909 0909 0903 0909 0909 0909
70909709097 0909 09097 0909 T 0909
0909 0999 0909 0909 0909 0909
0909 0909 _ 0909 _0909_ 0909 0909
0909 0909 0909 0909 0909 0709
€9€9 €9€9 €919 €9€9 <€9¢9 0909
€99  €9¢9 €999 €9°¢9 €£9¢9 0909
T 29297772929 772929 7 2929 T 2929 0909
010t .0TOT - 01T OIO0I OTOT oOtOY
0t0l_ _O0TOT oOTOT  OlOT oTOT_ 0OtOI
0T0T "O01OT 0tOT O1OT OUOT OtOt
0I0T O016T O0TOT OTov Ot0T oOfoOt
0toT otot oOtor oOtvor otorT 90T
010t 0101 otor ototr - orot oOtOl
010! 019T 0I0T 0Y0T OtOotr O!OT
_0t0oT. 0T0T _OIOT _0tOoT__0T0T__ototl
Ly 94 -1} e (43 2

(¥R L] 4
0309 " Ttz
otot 92
0908 S2 __
0909 v2
0709 (¥4
0999 22
0909 T 12T
0909 [}4
0909 61
0309 et
0999 L
0903 91
T 0909 T T Ter
0999 [}
0999 _ _ €U __
0909 21
0909 34
0709 3
0909 "6 —
otot (]
etot 1 __
otot 9
otot [3
otat .
2 4/} S S
otot 2
_oter T
te N ¥

D8




" AD-A157 446

UNCLASSIFIED

USER GUIDE FOR WIFM-SAL (WES INPLICIT FLOODING

MODEL-SAL): A TWO-DIMENSIO.. (U) ARMY ENGINEER WATERWAYS
EXPERIMENT STATION YICKSBURG MS ENYIR.. R A SCHMALZ
MAR 85 MWES/IR/EL-85-1 F/G 8/8



et

B e Y W P ) )‘u P T L L A DN P NC IO A

A

e

Iz |

FEEEERE

EEEE
FE

Er

E

Fr
N
o

=
=

n
=
B

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




[

- W e

18,7, ..- g, 8 0 %"

s o A e e s z Sl A ) P PLAPRAA i i v 080
1lge STh= *Th= *Th= ' T4= *Th= 2= 420~ "Ch= *24= *The °*T4=" *To= Tbe *Th= *T4= *Te= °le~ “Tb= “Ts- 82
sgg- °*Ef- *CC~ °CE= °gf- ®4fe °*g€~ *9C~ *9L= *hfe .*LC- *8C- ®6L= ~If= ‘*bf= °6Ce *4f= 5~ Q€= CLE€- L2
e P IZe e O TRSTTY e 1TSS T [T T T 09 = TTT6 2T P92 268" 62T EEe U PELs UUELeTT LA T 06E- 096 17T 192 T
“t~ .%6e ®le ®l- %ge %gé - *Yf= *9- *Q0f= 9. 2y~ ey- 001 °01 °G2- °fg- °G2- °92~ “0f- ‘dl- s2
sol= Svl= °*Gle °Gl- °Gl= G~ *9l= */Je >9gl= *8le "o ] ogle oGl= ‘LT~ *1T~ *TI- *11- 00 +€2- °(Z- (%]
TS S VT AR T AL YR S CanthS Cans VA SuunVE Puun DAL ) S 1 S0 X T Coatl S R 1 E B S LAy SIS S L S [
*gl= *LI= *iT= *2T1= '¢1= '*Ll= °*91= *Gl= *gI= °%l= ‘el= *el- °*GI= °*¢I- °*Tl- °*01- *6-  °QI- ‘L= °%- 22
“Gle *4l= “ol= *41= ‘4I- “4l- ‘&l °CT- “2T= °2T- °*21= 11~ °*0f= <gl= *01- °2I- *ele S4l~ °*IT- °1I- 12
e O TS T T S AR T S g 3 S S Sta B TRt 1S Tlasl £ 3 Tkl 3 Chut Il T U] SRS S LA 2 LIRS L L L L) LA L ) S L
*21= *fl= °IT= °YI- °II= *lle (17~ *01- vg= g~ *9. " eg. *gfe ‘il *CI= <*[l= *%l~ °GI~ 9l *Gl- 6!
efe *fle 11~ *TI- *Tl=_ *1f= “0l= *0T= %=  °G- %4 g~ *0l= " *2I= 41~ Sol- ©°¢T- Gl *91- *I1- et
~feqye OTle SQle *TI- “1I1="7F[1=" *0l= "*0f~ *g=  "oC= " ¢fec T oga e0l- 21=" °8l- ¥l "’wle oG+ "9le” “I1- '
2= Il *If= °*tl= ‘I{I= °®I{« *0l- ®6= *B= °fe *ge_ *6= *Il= °*fl= °#l= °pls <*el- °Gl- 'OI- <9I- 91
1= °Itl- *Tl= °*f1- °*TI- °11- 0l=- *8- "9~ = o~ W= ‘g~ *0f= *Cl- *oT- °*yl- °¥l= 41~ °91- L1~ [
e I P Tt T 2o A L d 4 Coanal I T auad: Damn £ Dk Tt d £t g SR S d S SRl 2 CRERL A LR 2 L L Y L S [ g
Sagle °0I- *1l- °CI-. %6f~ °Cl= “0l- °®8- *9- °C- @~ . ®4e  *0f- ZI- cel- *4l- cvl- °Gl- °91. °9I- €t
Sele ®le  %¢e oI~ f6S= - *Tle 6= -9 V€= 2= . ___®%6=__ 40t 21~ °*fIl= °*el-_ *¢l- -GI- -Gl- °GI- et
TRl 0e T e TTTeg1-TTeEs T C0Ts U= 9= fge 001 I PO T TR ST S CRRLTY Tl ) SO T G CHER S S TR {
*le ®le. *g= %G- *6f= %8B~ "6~ ‘6= "t= °9- Sy *fe 5= *Qle OCL- *CT~ I~ °*21- 0T~ ot
eje *le Qe °§e ‘Gf= *B= ‘6= %= "0le °Q0l- 5= *(= °G- *g- ‘e=  *ll- cgl- 21~ ‘II- ‘6- 6
ey Dt Ui ¥ 9nen PR onsnd T3 annd Lransd Dammtd Thunntd Lnatd Toind 2 20 mad Saramntd: LR CRNNS 0 ; 8
‘e Qu L™ ‘Ll Sle gCer ®hei N4, -%0T LN 9. LIS e . %9a *9e *)a [T ‘ge °Ge AR T
"G  ®Pw - e Vp= " %6E=, %6= 3= 7 %01 S0 "Ch-  th- - L As= 6= 9= oL- i "= 9
~AQYTTTN0L O LT teke T 02 Vam T Sy T o sga Ty Tega T Cege T eGe 09. g spe TR T T T
“gt  °*0t “01 *91- °*ef= “I€~ 0T ~*01 "OV g~ Q- 2~ 2=, ‘€~ ‘- *9- 01 -ot 3
*0t °0t ot *9(- C®ef- *LI- ‘0T . YT °Ce Qe %2« olle 2= %4~ QI ot eor *o00 “ot K
T ekl T g ] TRt 1 Crasad T Ll § Lot D a0 ad L Saomd '] Srukd T -t TSRS ) CRR L 1 & ocond 1 Sultd | SN § SEE 1 Santhd LB L o R Yo
‘egy  *0T . °01 : \ *0T  *0T . °0r *OU °sI- 0.7 *0T cor eV cor cO0T ~oOU. N T St
< - R T RS SR A . . : i
S’ Sanns 3 ahut ) guney 7 1§ Y e D’ T St S ! £ (-4 L 2 PR S S’
€1 dNOYI Q¥VI-=-HLdi0
KRS NN .............‘ NN AR . DN I Y LR IR P | N voe e ¢ o ] ' " "




3

A}

J

b’

P

1-

P

1

L3

' . *18e *1Ce %= *ff= ®GEe "fCe (L= *lf= *ife Pif~ °Uf- °*9f» °#E= -Pf~ 'L~ PPF-  °9C- *PL- - 9¢- °*9¢- 82

¥ T Rt o Kt R e S ot T a Tan g Tt e T tand T h et A 1 2osa d t Tann P Sl ¥ Chan 1 S S d T o e N LA - =

' *0t "0l 'O . *9ls. “gC- - *05- °*9¢- v0Gl=  *CT= TITe *ol~ °9(- 9= Y02~ “~02- °f£2- 92

' *02- 02~ _ *0%- *22- .‘6f=- I~ ‘LT~ *9te "Offe 21= *TIl~ °Il=_*Cle - 01=_*8= ®3- . €2 _
Tl v9le T MGl T IS T T pES T LT 9T 91«7 oLtle 5= *5l~  *9(~ *¥l- SCI~ 41~ *Gl- (24

’ *sl= *gl= °@le °*6l= *6S- °Li= *91~ °*91- °GI= *Gl- *97+ +9(- °*Gl~ °Gl- °“8l- 9T~ *971- °*[[- £

' *12= *pI~ ‘6l- *6l= ‘*pE~ ‘61~ *8le °*91- °*Ol- *91- °9l- L[~ °Gl~ °*91- 9y~ °*Gl- 3T« *L1- 22

; TYE e Tl T 6T TG TS T =TI 6 IS T e I T L T G W= S2T= Rt~ CLTe 0Ll TULS TO9Is Agle *3l-T T 12T

L, *gle ®pl= ‘Gl *9le *6f= *61-" "8I~ *91- *9te. *l- *fT- *l1- LT~ °*91= °9%- °*SI- °Gl= °wl- 02

: *lle 4T~ ol1-"%fle ®Efe *LI1- ‘Ll  *21- °Ll=  %LT=_ *21- *9T= il=  *fl~ 1= _*Gl- °Gl- -gl- °fl- _ 61 __

! T gle Sgle PQla” ople  gge o gle Tl T 09T S9Te Te9la’ Tegta TUTegT~ 0gTe | 91- 49T~ C2I-  *9Ye  Cyl- cgl- *21- | 81

; *9l= *9le *9l- *91- ‘€= °*Gl- *Gle - 4~ *ol= *ol= *¥l= °*CT= *Cl= °fl- °GI= °Gl- °*9= °ple *gI- o2t- L
‘91~ *91= *9fe °*9l= *ffe *£1= *Ele °Cl= *gle *CT= °CJe oCl= °*¢f= Q1= °*Sl- °GI- *9]= °*pl~ -gl=- °*21- 91

. a1 Cannd ) Clamg 1 Sl - Eoma Y Shuscd 4 Saad 4 £ |4~7.«.12.|I.2J.JZ.IJZ.l.nTi.NT.I..:...l.ﬁil.:-la:«;4:-1.:- st

! *vle "bl- *I- 4l . ‘6L~ ®6C- *6f- °*6C= €L~ 6T~ 68~ *68- °6f~ *5€~ %6~ °*6f- *6C- 68~ ‘56~ °sf- 18

4 *4l= *¥l- *4i- *pl- SEl- SCle *Cle *Cle 2T~ 21~  *Tle *IT-_ °1l=_°*ll=_ °Tl= °*TI~ °*[l- °*lt- ' €I

' DA L A TR § TN § £ aRES § D Tl T e o0 e Fpa Tege T ege TTdge TUega’ TG T el eyl el Tlepe T 2T

.. *gr- *0t= ‘0T~ °pI- *0T~ *0I= °*0l= °0¥= ®6= 6= '*8= L= L= L= *g= = *p=  *@-  <l= 4

. *He %3 *§e 3o ’pfe %fe  ‘H= %6~ 6> 9= ®ya 8= . Sfe  *le  *le  %le e *fe ge "= . et

* .l.h‘ ‘lv.hl.l«'.h'll'-.F'I‘«I‘mﬂll'ﬂlw,ﬂ."’Q‘I‘n‘lllﬂ-‘l‘ Fl" Fl - .Fl —— F. —— IN.I' ."F' "..‘N.'l.l.-ll NF = F- - e Fl Il'ﬂ =

. leﬁ oCe Q= ®le PpCm * fe * G *ge A.OI *g- - s . = -hl Ll . LY S - Sl s *le- - ]

., 2 AL S o tofe %l Ve e Sfe Sle Oj. Oe- 8= e e °ye  *L= Ol= 1= _ 9~ ¢

. S LS T Tt ] e VT Eant 2 Lo Tama AT Caat P Suat YT et Suun TRt Y] SuatT] Snan T Rl T e T it S VR P T

‘ 0T *0T <Ot *01 '°*6€- *91= <0l *OT 0T °01 *or *0f ot -0t 0T ol °6yv °*ol o1 ‘ot S

. *0T °0r °0T *0f ' ‘*6€=" *97= ¢0I °07 -orI *01 *gt °*ol °oI 1 °0F °8r *0T °0F o1 91 v

. 70T TTROTIT AT 0T T O LT 0TI OTTI 0T TTIOT TS0 ST 0TTITA0UTT 20 20T T 20T 201 0T Te0T T o0 (o0t B S
o0t c0f . °ot .*0T .. *0T. " *gY "ol .°0Y " *or *01. oY 0T "0l °6T c0r *OoU ‘ov °0Ol 2

X o1 cot .SI....._..PII..........—.- .ma..r(‘:!.hm.uli..ﬁ..1.3:53“....:.,2 ot tor  tev  Cor__tor _sotr ot o0t L S

3 oy es 8t 6 . e £¢ 2% 1§  0¢ 2 @ L2 9T Sz ez €2 @ t2 N W

.

L]

LU T .S SR LA LN/ e Ty Tyt Ty v Y A I TN P R T e ... N, L N T T T et e ...4 . ...,..n..s 2 s

D10




av s s

gl

R 3 5
“0t-
o %=

LY 2

e T S e a1 S 11 S 1 S

LTS
e
] .QO
*ge
9.
;.uol
‘m-
vt
he ) ¢
* ot
‘0t
Tegt
c*ot

O L SR

(1]

*gE- "9g- *9¢-
Tegte

I :-
Sil= 11~ *f-

"6§-  *Pg- "€~
*9l-TT2g 1.0y
°6- G- *G=-

%G~ _*ile_ *ST= *§l=__®2l= _*91-_

opte TeplaT F(T- T*97- T égTle Tegis
*02= 61~ °02- °6l- °*Ll- °9l-

‘L1- *L1- *Ql~

*9le ‘ele 4pl- <02~ *02- *02-

*gl-""*e1- "%el-

*9f- *f1- *81= °*QT- °*gl~ °5l-
*gle *91- SL1- <3l *H(- *@I-
vl 91~ CLl- L1~ *fle ofl-

*gl- -Ggl- °91~-

*L1- *91- °*9t-

‘Sl- vl{~ *9f= *Cl~ °®a9f= *97-

"2tl= °fl~ *¥l= °Gle °G(~- °Gl-

LR TREK TS SNt 2
gt~ -2t~ 2=
*0t- *{f= <0f~

i

201~ ‘o
i Tt T T

*0t . *oV ‘ot *ot ot

(9%l=_*Cl~__*¢l= *°Gl-_*%[- °GI-

T3 S-S SRS £

*fla *2%- 221-
.m-

*o0t ot ot ‘0t . ‘0t __ ‘ot

*0T Té01 T 'sor ~rot  c0r o1
*0T ~ e0T ‘0T 0T *0r <0l
0f °0T__*0T °0f 0T °0f

sor TIvOTTI 0T

~eot T vatr ™
L ] | R —

9 Le 9%

Se e [4]

g

epy T el
*01  *0r ot o1
S°0V___*0T___°or _*0T_

9g-
‘12~
‘gt
*di-
91~
L=
°0Z-
o1
*ol=
LSS
“Li1=
*9l-
"9t~

‘agle"

‘ot-
“vl-
*2t-
-21-

6=

29

‘ot
ot
‘ot

ot
A
ot
‘ot

ot

t44

Le-
Ter2-
‘o1
*32-
“91-
°31-
°92-
g1~
*31-
*91-
*L1-
191~
*91-
oGl
*vi-
vl
“1t-
sot-
.se
.

D11




S N

T

e - - he chmme e e e v e et o

— e

LT .fon t48T  teB1. 481 *y8T 6BT °SOT 99T °SET ceut sl  *edl

*Let  *USt

et I I3 ST s 13 acd T3 aund T3 arma (3 St d 13 ek 13 SN A S IR 124
*IIT %96 | *601 °96
*QTI_ %6ty _*l21_ *t2t

*201 =20t
*911  *911

S S R TS S § ™ B § Y'Y 4 ¢

12T *ell
*9tr  °9l1

2261 °iSTt° *1S81 *eS1

‘86 *96 - *¥6 01
S2TT__*2TT °LIT %4y

26TT %611 *6T1 °*6l1
291T %911 *91L _°*911

*ETIT  *LIT LI °911 :°9ll”
S9TT S4IT SEIT_ °CIT . *€IT_ °*1il ‘601

TLT 69T 69T  CTLT_ DV ‘Tl Ut
TavlT ‘Gt

cegd -fga  *0

T PLTT__ L1t

TEIT P6TIT *HTT T *SIT LT ‘9l ‘91t

*9tt L1t

TELTTTSOTT T I T T AT AT T AT T T AT Tkt T SISO ITE 42017 2208 o201

°STU o111
_STIT_*tul
a1iadi
g1 1Tt
SITT_ 11t

e Vi e 2 VR aunn V3 ann 3 V5 Saach PR ARRLA 41

*n0l 60T
—BE__*96
*9¢ . °96
96 *g6
‘86 *gé6

. 96 g6

*C6_ 4008

eIt eTIT CTIT CtIt.

SYTT _STTT STV o281

T S O S S S T A 33
STTT  °TIL LIl “TI1
*YTT  CTTT "*TTL _-°*TI1T

TITT . cell - *TLT  * il
22071,

e ————t mw Jo-sou

2087 P61 1Ll 60T
20T °201 °ILi1 o0t
g6  °001 °*TLT *001

*%6  °96
*96___*96___*Ti1. 201

(PR

© 601
*601 °20T 007 °t¢ *gof *20l *tIt

*TIT - *60%. °20T ®001 °96 °*°007 ‘b0l
*001 60T _

60T__*601_*00%  *Cc __°46

(u— P

601 °*001 °1g °86 *Zo1 °*so0t

"60T _*001 _*96 __ *Ty__ °00%_ *201_ *60T__*
60T~ %001 *9%  *lg~ Vo0t °*201 °*601 <eil *91t
*60T *00T °96 °t8 °*p0l °*20l °&50%
T LV _CTTT_*201_.%96 18 _°9L___°G0 __ 20T __*601 _ gIT1__*eil

36 *96 ‘f6  °*0 ‘g8 . *z0l ‘eo0l
+20T *20T °20T °96 °*Ssg° °S3  *9
°20T °20T 60T 60T °*201_ °*86 _ "€6
g v e T Ve T %86 TS ILITTT 00T T 00t T 00 TS0t 00T veolTT T 20t
»321 - *201 .°68 0 0 °96
258 *0 . “e0__ *g3__°g@

°36" . *86 °96

*G8 S8 hd 1} a1 °se °18 ‘18

‘0 0 L *18 18 9L 1ty

0 T i . %0 *0 .0  °fvZ

TR T o ‘0 T *ee -TLL se2 .
*0 0 Y0  *9F1 °TLLE °GST. 0  °0 "0  °lg eI8 ‘9L ‘86
0__ o ‘0 - eIt +uLl_*6ll _
Ens Pt T Tanuts I vang I3 L vk 73 Inacld § skl Iarid Il g TN { BN
‘0 0 ‘0 %0 vz %0 . .0
92 61 el .1t 9t st .

(3 SPUPE 3 Jevutt T S § SR § SR )

°g8___ *18 __ 18 ____°‘Sé

TTegrr tett

v oo o+ o o ten o s B o8 b e e - e en m—

*o9T *e31 °*e81 °vg1 8T ceel g2 $2
LT *TLE STLT  °TLT °t2l ozt ‘ot L2
SEeU TN LG T ST TTEGT T oLeT T Y91 cs9T T (92T

*0 SZet 2T *ZeT *Z8T  *aG1 -l s2
STl CTTD__°TIL__°*tit =0 X {3 ST 14 v
Vell Ve0r o911 v2g et 0 8 g
*9if °“IIl %631 *20T1 °elt -.6 138 22
“otl *60T *€IT °9rt °*9rl TIT  1IY 12
TeQTUTPEIT CTIL ONTT TOLTY TTenllT ezt T T 0277
SETT ‘etf  CTIT *9TT *2TT ‘sl -1t 6t
SCTL__*91T _*9UT__°9Tt._s21t__8tl 9ty ___ 81 _
SeTL Te9Tr Te9Ut T e9rr Szt Fytr  *3TL a0
SHEl  *9IT *9FT *9IT eziT 31T *31t 91
“efl *9TC °*9UI  °*91T <911 e*91f “olt [
e LT L R A 1S S ] S SR TS § SRS G
TSIl *9IT 91T °9fr ¢2IT ~311 9T €t
_.%9TU__ 91T __Satt__ecLvr gttt _ .2t
*CIT ol *9IT 911 *911 °*911 °Iit 134
20T STTT *oll. *vIl *91T °*EIT ;01 o1
001 *20U  vRIr_ °gll *gIl _-TIl 200 6
*00t” *001 "%w6 T *00T P50 Tez0ol TezoT  ‘aotl” L]
*9; *96 *36  *00t 20T *00T ‘Ce L
°9, %36 _*00T- g6 _-gu 9
Srg T Tigs e Tegg T epot es T Yo T s
9L *18 ‘1§ °*96 ‘9 -0 0 v
9L 's® _*0 *0 0 ____ 8§
L I ‘-0 g TTTT T
‘0 . ‘0 0 ‘0 o0 3
t 9 H v [ 2 1 N W

AN313144303 AZ3M)

D12




had St

Cat uini areh oA g

Liadt i e g

(B

I YA aun T TR S d YR Sl y YA mat k¥ i A Sk VA Sud TR AR TR Su VR AN YRS £ ) BN E - SR VR S 71 4
“0ST  *0ST  *OST- *0CT LT *2T" ~2¢T’. ®24¢1. °2¢l1 *0f1 .r221 221 °Sel  *ssl
.0 S0 0 SBTT_STLL. 4402 69T _ V8L, °2vl tefl. JSLTL SMIl CTLD . *911
*621 621 62T °IST 14T “&I1 -6T0 °221 “6l1 *51T rHIL STET *€IT - *111
*BFT SBIT LIT *6IT °TLT °*8TT “OIT CITL  §IT *9TT ¢t *8ll ~elT -g21 -2zt
2TZT 01T -T2l e221_ SILL_S6TT_“BIT_=WTT_~211_ *L11 =410 _-LIT =201 911 201
TVosY v g T Azt Tzl —»d.,.mm- TPTZTTFRTETVI2T T %6 TT YTl gulT o9t Cell T *LTY
L [ . . . .
SP1 Ce3b ceEp cREl ~ufn GEERCSRER SERY 4B MR GBRE GIRE el ceHF el
—~%6IT 6T €Tl - °611 anﬂn *ETT-"6TT - *61T-"6TT ~ %611 -*611 *S£IT °*8IT ~-5IT- *611
*6IT *61T 611 "1 <TLT S6IT °*6T1 *8T1 °@IT -*811 *gIl *TIT 211 -81l ‘@il
“gIt It SIT *RET ‘14T *2TT °*2T1 *9TT °*9IT *9IT *9TIk °eIl °vil “&II LI
e e R ) il e A e 2 S B 2 A e A S e S R I AL
Ll . . L] . £ Ll
SOV Soft SOHE SeRE: iigb: SURY SYRE- SYRE SRRE SMRE SYRE GRIb SRt GRIE GHH
Z09TT _*OTT fOYT _COTT  STLT . MTT__ WUl _*eTT °eTT  *ell [ °CIT *CIT *TIT  °(TQ_*I111
Tertt TeRIT T CTEU CTILT CTED O CUIT. CTIT ITT - 60T *Zol; *00T *00¥ 00V °00f
%601 °601 ‘601 °601 °TZl *60F *60T1 °601 °60T *20T *20T °00F *96 *3¥6 ‘86
*00T__*00T __ 00I_ *00T “T2T_ *20T. *Z0L__°20%. “20T_*00T_ 00T ‘000 °*86 ‘36 _ "35
T86 T %36 T 66 T 4 ||d4nqulqde_nuaco—.lqca~.|qee~x-uee~fuaeoA b9 T %86 ‘g6  *96
] 18 g6 - *96. 00T.°00T.-*00T ~*00T °*@6 '°86. °*96 °86  °86
0. *1e _ C.%*86_ '*86  .*86 __*h6e  "86 _ 86
00T %0 1 “0 *0 *0 °0 *96 96
‘0 °0 *TL1 *8IT 0 *0 *0 *0 °0 “0 w0
°9 °0 ‘TLT_etL_*0 “*0 ‘0 ‘0 .e °0 ‘0
JG".O .le dl'd I|-<°|u|-lﬂlll.ij.°|ll!.=l‘\.l-a 00..-.. .ca..llbe -
Te9 0. %0 *¢ .e “0 *0
s L RPOL B S T e L
A L 1+ 1€ T L Le 9z

691
°g9G1
621
*g0t
*911
*311
.w“n
of1
*elt
‘elt
Tttt
R4 ¢

L]
't
‘11t
* 46
26
46
- 36
“u6
*86
*36

LTRSS 3 2 g V3 0
*evl  *¥ST 96T
*grr _*t2t  *s2l
“TIT  *oIT °*60T
*QIt  *9IT °eft
_eLtr_ *91t  C*wil
SgIT eRIl Teatt”
L] L) L] o
H IR 13 Y13
*etr- 21T 111
6T *Crl 4911
*LIT *STIT °*91t
e LTE— R - 29T
St ORIt it
*TTL °TIT _°T1t
*00t °pot °g0T
‘66 ‘WG *¥6
*86_ *y5  *Be
Tegg”  6p T Tege
*86 . °§6 - *8S
°96 __ *86_. °86 _
*96  °9¢ °gé
"9 *0 “0
‘0 *0 *0
IOO T r,.ﬂ. "fnlte.lull-.
-0 0 °*0
*0. __..%0__ 20___°0
11 v €2

()
—t
(=)
39t 82
*ggt 12
e2¢t .92
*901 114
sLt (%4
A% § SUR 2
i
X1 43
"1y 6l -
g 8t
gt Lt
€l —91 —
.
it &t
1 4 4 SR 8
*3e 2t
a6 11
‘36 _ __o0t__
36 [3
*96 (]
96 Y
“ 9% 9
(] S
0 v
0 T
. 2z
0 v .
12 N oK




*0f *O0f 0T 6§ *0S__ *0C  0f °0f :0¢  °*0¢
maad Tt Thaed Tiamad Eassd T A,
“§2 %3z %82 *BZ. °BZ'i%8Z. a2 . A
092 *@Z . _°6T__ W2 *82 .- ‘9T - '8 .82 M2 __ °lZ_ 12 __
e Tuz T e 4z
oz

°0f °0< °ot

°g2 - %@z .°8C .v8Z . *92 9z
"0

T T e e e T T T ;
‘g2 82 *9z °*8Z- +8T 82 82 *€Z ‘12 L2
*g2  *§z . *8¢ cegz  vgZ_ *B2. ‘4T *LZ _ L%
bowid 14 2 P et Tarac FT Rt FE Rt 2
82 .82, *LT Lz °ae.
.92 *92-_*82 '8z __'82_
Vg2 TTee2 Tvye ez Tvs2
*§2 82 °82 °8Z _
“gZ__*82 9T *b2 .
BT EE LT e ke M d

292 %92 __"%T __°*682
Tgz " egz T sz T °82
g2 *8z 82 °*82
oy *gz__ ‘8z *82
i Tmat T anan T el T
*g2 .- %92 - 9T : °8Z
L swT___*ee_ 9z _ *®2.
TTegzTegz T epz T Te92
*gz '8z ‘EZT °82
*92_ *g2__ ‘9z _"_*82
o Tl e Tarei Tiwad Th
*§2 . *92 . 62 .. °92"

‘L2

g2 12
*0 *g2 ‘12
+g2 %82 ‘82 *8T __ *BT s Lz
N.IJAN.IJ.Z.I LYY et il e
L2 %Lz %92 °%2
L A S AL T S ]

‘o0 °g2  *°G2  *S¢ °s2
sGZ  "¥2 *eZ Wz w2
L L L P L AL L L L

PR d Taanas T aaal Taumd TRt st TR T il T o

T T T
1z e e,

"9z - %9282 .82 ¥ T 12,
Y T BN L INRE

ez e

‘0f 0% __*oOf
1

*92 e e

] gz _cee

TTre T et T e
e ez e

X4 ‘ee *Le

i X4 stz e

e e ‘L2

1z e e,

e e e
iz 2 M2
12 e e

te 12 ez
YT Y Y ¥ 4
Y T I ¥
92 T %92 "4 92
*92 g2 °*S2

le9z sz *s2

g2 ~ g2 °g¢e
A T4 e i 14
‘w2 W2 w2

q-io.e~||ac~|1.cut:.e~,:.culw.cwii.a

0 avz tee 0wz deE 000 0

00200050 L %0 SL00 .e.. AL UL B L L

0z 6f. 9t 4T 91 st ev grc ozt u et 6 @ Lt 9 s

~ 0 \. Kl . .n. .\- CAKNCN . ... Loy . -..uu\ . -....-.a -. -'“-f N ’ L ..— .... L . ... .-,n «-.A .

gz__*12__*92 9T __

he 14 *se 414 LA 14 [ ]
..°GZ _°*G2__ *s? 2 1L
°s? *s2 °s2 [ 11 9
M4 X4 *el M T4 *9 1
hd 14 *v 0 c0 [
Teg Theg TTeRTITTeGT <
Y] eg ‘- eg .0 2
0 *0 0. __°0 t

[PURRREI A . e Ve e ———

< e 4 N
zo-»:n—xnw-c ALINITWS WvILINT

‘ng __*0¢__ ‘og °o¢ 82
STegrTTTeWETTTeeE Tesz T T T a2
12 %12 -8z 42 92
gz _taz _ ez %3z 82
*te ‘0 ‘e * 8 [ 24
gz Lz s * £2
1z Lz 1z 2 22

g2t Tere’t ez Ttz TN
4z *1z 1z 2 e
_erz. sz ‘9T ez . 6L
2z’ ez c9 12 o1
TERREVY I TR T a.

TLRTTLETTMNIETT e 9 T v 92 m_
e viz *9z  *92 ot
etz _*Le . -9 ‘9T ___SU.
1z iz 9 92 21
92  *92 . *9Z °*92 "
92 *92 92 -9 ot
TTTegeTTT w9z T igz T 92 T T 6 T

D14




-*4s *1S IS L& 1§ T *i% 4SS 15 4§ *16.. -*LS

1€ vgs  C1s LS LS *LS IS s s 82
—ULE ST TS T LS T LG T LS T LS T LS TS T LS7ULSTTUNLST TTOLS TTUOLS TTULGT TIRLSTTTOUSTT oS TUee T T Ie T
AT VTR Y-S Y TRy SR ] .2 *2 . "2 °z x2 02 *2 *2 “LS  *lS LG *IlS IS *° 92
A X oFﬂ 1 uhﬂ.. .ﬂ .D A. g - 00 .'oe *0 0 .-9 °0 *0 .2 .2 *2 .2 chﬂ X ] Ge *
“afe  ele CeleelETTTN T wp T -EZTTTZTT TRz ez TRz TITAZTTeg T g TTUThQ T s 7T et Toen 7 e 0 e
'Ls LS 1S °LS 1S LS 1S *1S *YS IS 1S 1S 2 2 .2 2 2 °0 *0 *0 €2
IS  *25 ‘4% LS LS -*4S ‘LS IS ."LS LS *LS _°i§ °l§ & ‘L5 s s 2 0 ] 22
TvLET LS T LS CULS L™ LG 1§ LG VUG TTOLE TTVLSTTNLG U LS TT TL6 TINLS TS TS TTNSTT R U0 TTTTIET
Cle SIS 16 *16 26 26 YIS *4ST Y15 LS S5 - *I§ 1§ ‘LS IS 1S *ts  Sis s %0 02
°18  °LS °LlS LS LS ‘1S ‘IS *16 *4§ , °lS  I§ 1S °lS *IS LS 'S s 0 6t
TAIS T MG T e T LS T TTLS TTLe T TS T T eps TTTeps LS T TS tUS 1S Te1sT Tere T oers  tys T oc0 T oeU”
*LE IS *IS  *LS IS °1S 15 *lG  *1Ge LS IS ‘LS LS LS ‘LS LS °1s *o o0
16 %16 IS  *IS IS °lS 16 *16 ‘IS *iG - °f§ LG *LS IS *LG °LS *Ls ‘1S us ‘0 9
G T e T L E T LS T VLG TV LS TN LS T LS TTOLS TS T LS TS TUE T LS e ETTNIG YIS T LS T T T TR
SIS  *LS  *26 LS T TIS U 1§ 1S %8 LS IS LS LS - °US 1S °LS° °LS  *lu  *l1S %S °0 ot
“le  *1§ IS LS 167 %4G  *46 L& MG LS LS ;L5 °4§ LS __*L6 _ _°lS __"ILS _ *ts__ as ) €1
et S IE T LG TNl TV G T G TG T LG T LG e T e T LG s TS TTTALS TS TTepe TR T g T TTTTUCT
16 *IS IS *1S IS °IS 15 *L1S 15 *0 2 I *I% IS IS LS 15 °lSs 1S *) 13
*16 IS  *IG °LS "G - %16 *IS *1§ - *ls *O *0 *16  *1S LS IS LS ‘IS *!S s 0 ot
g e I T e T LS T G LSS T LS T VLS TN TN T S T T AG T TTUS T IOLS T TS TG TS TS TegtTTT e
SIE °46 °lC . *1& *28 .-*16.0 1§ -°2 ‘'Z ;%15 US . °l§ 4§ ‘4SS cls °US *1s 15 9 ]
LG . *LlS .%L§ LS - *1G TG ' IS .°0 *0 ¢ *I§ LS SIS *IS ‘LS . °LS 1S _ LS __°lS  *1S °0 L
ez ey ez e T TR g LG TG TR T UL TS T MUST TeLs T LeTT LS T s T ae Tege s 3l T TTTel T
“0 ‘0~ <0 16 . *ls 'tS ‘¢ *0 ] 6 *¢S  *IS  *1§ ‘2§ ‘1§  °LS s %15 2 .0 s
*0 °0 0 ‘15 Lts ‘IS ‘0 *0 ‘0 €16 1S LS *IS IS LS 2 2 2 *0 *0 .
—vgr—e g T g e LG T LG TG T T 0 TR O TTTITOTTITOLGTTTOLE TN TUUUG T NS TN T T T f0r T T 0 Teg TR
.0 *0 . Cc0 e yrigelee .no AEEY B 2 . 2 0 °1s *z %0 *0 *0 *0 -0 *0 2z
Tr .0l %0 .0t tess [ 00 401700 S0 0000 %0 00 fM6. 00 L M0 f0._ %00 000 T
02 6t . 6 @ L 9 s " € 4 t N o

BT 2t Cetlliet et g1 2t 1 et

MCLI¥4 ANITIN 44300 NIIS¥IeSIQ X

D15



A

-

Al

“0 "8 8 "0 "0 "0 "0 %0 , 0 %0 -0 0 D 0 0 0 0 0 ‘0 3 82 ot
et Bty Beraant) s T Jrscad mumen o nene ' e 1 eaverd snatd husrad Sucall Entatl Rt l il Suand Rl el R S T a
.t °0 ‘0 *0 . 0 0 290 - 0 " *0 °e ‘0 20 0 °0 ‘0 °0 °0 ‘0 ‘0 *d 92

*0 0 *0 0 - . *0 b B ‘0 L] °0 9 0 °0 *0 ML °0 °0 *0 °0 9 sz
Teg T T e QT eI gUTYTA QAT g T TTe g TG eI T Teg TTheg Tiegt T eg T Teg TTe0 N0 0 00 A

*0 9 .0 g .c0 ‘e ‘0 0, ‘o0 ) 0. 200 0 -0 ‘0 0 °0 0 ‘0 0 €2

*0 ‘0 °9 °0 0 °0 0 °*0 . *0 . ‘0 ‘0 - ‘0 0 *0 °0 °0 *0 0 L 9 2z
~eg -—eg e TheQTmIEQTIT e T iwgUTTTeQTTTUeQ TS egcTiteq YT tTTUeQUUTaQUTIeg TUUeQ TUUQUT U@ T @ 00 T TGS

‘0 ‘0 ‘0 ‘0 0 ) ‘0 ‘0 0 0 ‘0 %0 °0 0 *0 0 0 e ‘0 *9 [ 14

0 0 0 - 0 _ %0 *0__ ‘0 %0 _ ‘0 *0 ‘0 _ 0 "0 0 ‘0 *0 _*0 L I 6t
Teg T eg e ITeg TURQRTTTRQTTUNG TTeg tegTT Ueq eq. 7Tt T Ut0 T 0 *0 *0 0 T e0  c0 *9 et”

*0 . QB . 0 .0 [X ] *0 . LX (4] *Q *p .‘too .0 .G. ‘0 0 .9 g .0 -0 *3 Lt

LY (T eQ ep LY} LY} °0 LT .0 .0 KT ] *0 g - 9 °0 .q g 9 91
. b R I IR - 0" . 0T %0 0 *0 o4 MR L Dt B d Rt d RS R [

‘0 .G e -0 L] g *g "’ L ] N .g 0 moo ‘g - *0 Ly ] 0 LL ] LX] X
0. °0 °0 °0_ - *0 *0_ ° ‘0o _ "0 *0 _*¢ _°0 0 ‘O e °0 °0 °0

“~dp .0 eg T Teg T o T e . R T D Y
[} ‘0 *0 0 <0 °9 0 ‘0 *0 e *0 *0

°0 ‘0 ‘0 -0 *0 ‘0 ‘0 ‘0 ‘0 0 *0 ‘0

hd EERd B *0 ‘0 20 TTRET T 0T T TROTTTMET TR T T

g TTeg Té0 T e 7O

De .° oe .° c°

‘0 *0 "0 0 . ‘0
—g—vg—sg——v

eg  c0  c0. : .o L0, *0 - *0 *g 0 0 -0 0 0 0 - 0 0
30 __ 0 s0 .30 .00 L. 200 o t0 €0 0 - %0 . %0 0 c0 0 0 %0
.0 ig 4..,.ae R "0 ‘g L] L] °0 . LX) (3] (Y] LY ] .0 g 0
0 ‘0 - "t .0 ‘0 *0 *0 *g ‘0 0 ‘0 °0 e ] *0 ‘0
*0 ~0 0 °0 -9 ‘0 *0 °0 °0 *0
ad' cessepTeTIegT TS Rt TeQUT Ceg T egTITTegTTTeg oo
3 °0 9 - *0 *p %0 .00 0 *0 +°0.--"0
l.. llr‘tol" ), uhﬂ_.. t.i.L;.-'O . .AQ L .9 .oeg *0 Oﬂll-.. llu.ﬂ © ep . Oﬂvl i
t .
ﬁ. 0z 6t €T’ 1t 91 14 (44 [ et 1t [2) 6 v 1 d 9 S [ $ 2 A N W

w. 135430 LINITIT 34303 NIISHIESIO ¥




WLy

« 0 & £

W e e 3 ’ U S anany . LA LA e - IR p '~ RPN R It L NN AR Hh
e e e e e e et e ———— s ot vtk gt ¢ T b .. e e e e e e e e C e s
\ . IR M .
‘0 . .0 *0 *0 *g- - *g °0 L B | ‘0 *Q .0 ‘o __*g e __°0 o "0 _ @
T U T YT a7 e 77 saee s S ') e ST SmatV & ey« X -Sra VY- THALYT Snat /- MY T RY LAY 3 $167TRIRT TS 16 LS L2
LS SIS *LS . LSS fLET LS D LG CLS LS I5.vTCUS o .S NG *1G. LS -°LS IS "t§  L§ - °LS 92
LS LS, LS LS °LS_ %l - °1S LG . *UG. _*2 _ .f0 %0 _ C0 T S _°L§ _ "LS. %S §2 _
18 1S *IS LS LS~ 1S s 016 "o gTTIaNgT Teas s LS 1S 2 *0 *0 *Ls 174
1S *I1S  *1S  *1S IS *Lls ‘1S 16  Uig I *16  *l1§ 16 IS LS iS¢ 0 0 &2
LY R S Y LAY 5 TN L R 1 el  *le  *46 Sl ‘26 _ *4S ‘1S _ 1§ 1§ tus %S
TTRLSTTT 0SS LSS TTOLeTTT 18 TS CleTTTRLE TTIRTTALS T tes T cus TRLs T s 1S s 12
‘LS . *LS S L5 046 %16 IS °lLS *LG LS *ls *IlS °ls °ls  °!U5 02
s s _ eLs LS P26 . &S _ SIS _°S__°1S _*15.__ c1S 1S _ €l _
TTRS TTves T s Ls 15 16 LS LS LS 15 IS °ls 8t
LS 1S *IS " LS *lS 'LG *IG °*L%  °I1& LS ~u1Ss  °LS Lt
*LS  *LS  “iS *Ls SLS_ _ML6__ S __ 1S LS 1S 1S __ 1S _ I ) S
TTELGTRIGT SIsT L LS vie T L T PLG T SIS T s T veeT s T TSt ) I
IS 1% *2% *L5 SIG  *L1G ‘&S LS IS 4§ . IS - IS 3
%S %15 _ 1S 21§ SIS L6 L 06 . teS_ tes__cMs__ s Mls. ST
S16 Tere T oy <18 “16° Te1s 1S IS LS °lS ts 1S 2t
18 LS s “L8 eI 1§ °*L1S *LS LS °l§ °*IS *LS "
SLS LS SIS 1S | ‘1S 1§ ‘4§ s16 %G 2 LS LS 1S LS LS __ ts _ts __ ot __
TTRLGTTALGT T NS T S TG sn-l:mla.;..ll.n..!.: 16 T 1§ | 'lS T LS TS T LS eus s ‘6
_*LS 1S *lS  s1S ‘1S et °2 el  %L§ LS. *4S. LS IS *IS§ s °ls s ‘' US ]
16 *1S _ ®IS__ %S °LlSH (R S %0 %2 "lS _ U6 LS LS %S tl6._ 1S 1S .. s _...b .
16~ *LS ‘18  *1§ LS - Y} sz 1s LS LS 1S LS ‘LS *LS L s 9
‘o0 °0 0 °0 ’ i1 %46 *16 1S, 1§ ‘LS °Ls LS ‘s @ ] s
*0 °0 «0 *Q °g 2 sl ‘L6 Cls _ CLS_ Cis__tts__*2 0 c0 »
TG TTTTeg Mg TTTeg T ST TTegTTT v E T2 Tteg T eg T W2 ey TTep 3 Y .0 - l..... [
,*0 °0 .0 .0 .p 2 0. *0 0 . .o *0 °0 *g ] 9 . T2
9 °0 *0 0 00 0 S0 00t *0___.%0__._"0 0__.'0 | SR
02 6t 8T L% 13 ¢ ot 6 ] L 9 S v € 2 t N M
o ¥O1IV4 INJIDI 44303 NIISVILSIO A
3 T e g € 8 P & - AP b e et et PO I an t TR o 4 »

D17




TR

.

A

-

.

P

.

n.. ‘0 .. *0 °0 °0 ] ‘0 *0 82 ®

0T Tee T M TTT eg T TTeg TT g T e T e 0 T & =)

b, 0 *p ] *0 -0 ‘0 "3 . 92

- %0 _ .0 _"*0____ *0___*0___ "0 _°*0 ___ __Ssz_

: °0 ‘0 .0 ‘0 n *0 0 .2
*0 P ‘0 °0 *0 *0 °0 ] °0 €
*0 ‘00 *0 *0 k *0 *0 *9 *0 "0 *0 22

. BTN RV, TR 00T TTeg T cTTTeg T T QTTIT ¥QTTTTeg TG TTeg TTTIT T

. Y] . .e T oeg . [} ..oe *p oe .o eQ Al ] .q 0

N " eg ceg . %0 _*0 __°0 _. R *0 -0 ‘0 €t

. ‘0 ‘o ‘0 *0 °0 0 *0 *0 *0 8t

. Oﬂ -0 .° .0 .° -D .6 QO 'U Fﬂ

. R *0 *0 *g .~ 7 *0 *0 ‘0 *0 .0 ¥ ] *0 91

g %8 v0 - %0 30 e U S R I I 9T TR T el

. %0 7 0, 0 L0 e 0 0 0 0 *0 *0 0 ‘0 ot

: S IS T *0 . *0: _*0 __ %0 .. %0 __ ‘0 _°0 _*0 _ *°0 e 0 kI

N 0 ‘9 *0 [X'] *0 ‘0 0 0 0 ‘0 *0 -0 0 21

‘ *0 ‘0 *0 (] ] .0 ‘0 °0 ‘0 .9 0 *0 +n un

T . e . s .o. .,e LY)] oellhloe, °0 . [} (¥ *g .0 0 ot

. THTTTTE YT S0 Y0 T T R e T Tt T T 0T T T hpT 0 T T

.. ..quc. - ...oo, *0 °0 LT} “0 (') LX) ] LT v

B L ..%0 _s0 07 0 C0 *0 . 0 00 L

2 ] “0 '0 *0 o0 *0 *0 0 *9 9

, *o "0 *0 ‘0 0 -0 *0 ) .9 s

F.. Lq] g .0 00 .o *0 L] *0 Y

K eQ TTTRQTTTAQTIT Teg TRt TTeQTTT sQ T ey T AT [

. *0. *0 -°0 .. -*0 *g - °0 *0 . *0 .0 *0 2

3 0 %0 .. %0 0 *0.. %0 _*0___*u__*0 0 _ *0____ T __

b, o oot e 8 L 9 s v £ 2 t N oW

b, 135440 ¥WOLIVJ AINITIL44300 NIISYUIASIO &

’

.

(3

P

).

4

"

'

\u~.- ..-, e .. et + ) .. .m. ... N .... ...-. ... ... .. 'Y _.~ .q. -.‘.., .-...... 0 ... .‘., - a ... ... { .. .-- Py




1
t
1
!
.
H

SO S

e
Ly
" 9y
S
(1
<
1c
o
9t
[
33
g1’
2t
"
(/) St

N R R R R R R R R R R R o N K o Rl ]

.
i
N
!
i
!
1
\
]
'

)
|
s

et et 4 mq ol et d S el ot

i
i
-
|
i

,

L R R R R R R R R R R R R R R N R R ]
el ke e R K K

yilyuve




CaCuiey ., Asa et Jay ey 2 ) >
T HEOITONINTTRET . g
;92081011 86 "
YU gZOWIOIIT LG
gzocrortt  9¢
%20210T11  GS
820110111 oG
B S A N O A A B TUETTTTTTTY T RR0000II TES T
L ' S ) 82060081  2¢ :
e L 8205007 1T 14
20290117 0%
: RZ0J001TT 6
. 22050011 R
N R LT : —HzowooLTU Tz T .
s : i : §20£00111 9
e e et e et e e i e ... BTOZOOIIT G
620190TTT oo
PZ0GY0I2T v
L2065%0121 24
e - “QZOGMOT2T TTTe T
: 62000121 O
e . 20690121 68
- - T . €206v9t21” T8 -
220ce0t2r (L€
120690121 9¢
T : TTT0205%012T7TTGETTTTTTTITT
' ' 610000121 o€
e = *. © e emme st ermma b aimiamt = - v s semmde t e - — l,CﬁQOQQﬂNH nﬁ - —
Lt06votet 2¢ T
910600121 1e
. . ) SIowvpl2l  Of
7~ - — eT0600121 T 6T
- * : €1064012T 32
.. Ztoswolzt 2
: Ttosv0t2l 92 T
0t9e6v0t2t G2
. 00090121  #2
hemnta-C iy Setnn T T 7T T Rpose0t2T T g2 T T T
. RZ0T00T2 22
. T L e _rzoto0012 Lt 2
- : 92019012 ez T 770
620t23012 6t
wZotnorz Rl
- o Tzeetoore Tt
12oto012 9t
e e e o 02010012 _ St
s1019082 7 Tt T
1010012 €1
1101002 2t
Bt 1 { 2 4 1) £ § S
. - atotoote (]
e e ¥TOT0OTZ 6
: : ctornove I
2toto0t2 L
A ttotoo0t2 9
TR Al ) § 2 €11 & S S
. . «gotoote ..
e o et =+t et e e e o o i e 3000000 €
(] fdasiver L001001¢ 2
] rgoauott vootinot2 1
YOLI3A AUYONNROG NOISSIWSNYYLl=~-Sd0L)IA A¥VONNOE 39¥VmISIQ ONY WOIL

D20




Omen) D " Y e g .
- Chd I . - . CRACNC ava b ® ’ sos s 0 vt T sV s A s AN

TR W

- Aallh

L Rl Sl Aoy

~.‘ -.‘-

e
SN

A URERAN

.
]

TTazdav0TIT 26
R20¥v0IIT 16
H20Lv0ITT 6

o T 2Z0960TIT 68 T

820540111 P9

geose0Ilt L@

CELINT 13 S S I

GZo2v01IL S8

R20Te0TITL 8

- A ; QZoosOtIT g9 T

P206£0TTY 28

ezoscorTt 1@

wz0LcoTlt 08

e239¢C00LT 6L

QzoseoTTt 9§z

Bt ARt + 1 1741} 4 { SN ¥ N

320€€0TTt 9L

gz02co0Itt S¢
qzoIcotIr” o2 "
€209¢C0TTL €

205201ttt 22

et T4 FT-{ 1 £ § SEEE § S

- s2042011t, O

9209201t &9

D21

- 3zos2ottt 89 T
czoveottt 19
R205205T1 99
220220111 §9
°Z0LZOTIL &9
e - «Z0020C0C €9
Toov e N R - - 9206101 29

s2ostottl 19
szoLtoNTY 09




Jed Kol gigceaat (3333
619851 496° 2808 109¢

956661
961°C09T  261°6901
9991 e96°0s01

9696091 tci-¢col
it T2 £ ] Sy

%1919t

v
¥E9°6L 81
tet*t20t
496°820¢
(A IR ITSSL)]
" 013° 8291 r06°8S01” "7 7
922°0€9T 6§ ]
. Ee9°TCIT  grecient
090°5CL  sz4°wvol
9L oI CLoGNOT
€64°6C91  259°04018
bl 1LY T T I {1 L 2 1
92L°0EIT  ¢99°2A0L
COLo0e¥t  L9setsnt
T 895 169l 925 sl
92,2091 s1e°gs0t
(AR GIEIOE 1
et 1AL {1 1 Sald STIFTY | Raumment T35 2o

. 922-1v9T  geEeeeet eet
_EV9°e9T  LTce6set tet
T a%0ceset  9rzeselt T9el
SLOCTSIT  wc2eintt o9t
' 622690 Zite29tL telt
it 1T INTT I AT ST LTS SR L1 O
92245591 ol eell 1131
... SereLsIt  g90°s9LT 13,3
\ 995 9591 920°90tt tost
i LTSS TARETTEL T18Y Teny
' Y9y 2991 Gig-R0tl
TTTTTEELSYYL C te
0L Q99T qrz-dtit [324]
L. o_ . Rtectast goecsttt  te2t
S w171 1SSeNNY Tett
1SY 4291 w9ev-QItl ot
PN GICT02ML Tzt
TUTTGEZENNT tagtAT T IS T
10299991  912°211 e
LFTTERYT BEICN21T Ve
Co- 291 158wl Tt
15:° 4090 9964211 [X73
RV LEWT

saceengt :
T8 EHET  gILEETT
lats-eart  sgecggnt
6€S 6041 1SG 6CTT
1Se 2121 yevetetl
09C-SNLT sageelt
T 68Z-SULE  togesett
102 T3t wu2-eott
LI NZLL sERegett

166 6241 weE°s1L 1
SROTS 299VNIS I

D22




TS - v v

g
-

Pade iy

8- yut

Cala Sl

LA Sl e )

5.

et 17
iret
1281
teay
test
terl
tusty
Teat
19t
Tect
Teel
tegt

Tt
tezt
1821
el
ot

1
SILAINTIVS J9WVHISIG

D23




Dl et - . . ra - LY AT gV e e e by

*8962 OBOOWILOWWMIHGO'N €2962 *y962 *L982 °*SL62 *0F52 *L862Z *6852 “1662 ‘4652 6662 *2662 *0565C *20T *H56Z *0162 vcrwm 92
°000C °L66Z °L662 °L662 °*9662 °9566C °*vaS2 02862 *3L32Z °*9L62Z °*3FLSZ *6ISZ 3T TILZ 9852 L3352 *GT0C “6T0¢ *°CL62 *tTEZ te
ICTTIERT” '
vezozse} oa.uww
‘162

2
3

5 o It O A I K}

00923 50925 S1062 XL IZ6L 229 0L " €2 L]

TouEed CEUET 06562 %L ¥A2 ogus2 *CI4Z *9592. *ei82 *26L2-*0TL27%0: .7 STOL2-°6692 T
{16 Ye0ue V616 é Zre ] ] 0
SEEEZ *CL62 °CL82 *OLBZ °*9L82 °9L92 °1682 9162 *94€2 *9062 *GIRZ " AL92 0792 e9uZ “Iesg 2622 “01L2Z *20L2 *5592 °599¢C
*950z *0v8z * 1592 SEEZ_$L99Z 20102 6992 2682 *SHAZ *6C02 24482 SVEZ - (992 1980z “T1f2 Tleii STILI T8l 21592 *4>92

gvezogz6z "0 - 0t

i f1) Ll P4 Lkl L L b LB A AL St LB T Sig L s L
(384 2209592 202 *TINZ  *TVAZ -*C092 SSIGL 2 RTLR. 6692 A,.‘_c.—.kn.«.:aoocu YORQLT Y
V39

“gIaZ “0IRZ "ICOZ-CSOLZ NLTLZ ' PT122 06592 S12L2 °STYE °
1002 SLA4C °TI5¢ °t0L¢ °LEli °55L¢ °6 70 i ] 3 0572 Y002 Suh T3
eetZ 2652 *SUEZ *HLTZ 20002 *¢IEZ °I5GZ *LOLZ *USLE 94T *LilZ 012 °L2T *GLLT *FILL *LE A9 e2L2 *wl92 *L292 9t
29202 0182 2922 °5L28 °v92E 02wz *1liZ 1042 *p2LZ *21RZ SZORZ ‘6002 1292 1642 2212 0L2 “6K92Z *y2LT *9192 92 1
ndsuuunapsuuuquu S TTIONLSTRILS) ~¥CLIZTV0VLE S OLUT SHULE YL00L VI VLI VL v g : ™ pad 117 2amms 3 gra
regese o.nuu.nnuu..uonaxuomuuﬂuo'ou ULTTOCELTIO6TL T P26LT YCILT *£20T 929 ‘6Lz oLELE SLOLVPEEOT SVZLZ PLOYT 2356 ST -
LOLLEE *VSET *6e2Z 602 *2t BTGZ "9v92. *0GLZ °9ZL2 SLWl2 °T03I2 °9232 *2LLZ °STLZ 2012 °20L2 9282 “o0862 *0LS2 188
V6462 P0Ce2 9962¢ 0612 °LLOZ °50¢C °SIGZ 1092 ‘S09c 'O 0wl 6L J 1E S1iZ Y2l %9 :
09942 202 *G0ZZ *ve0Z %2561 *6SG¥C *VLEZ *0ZGZ *6ILZ *ThLZ *9iLZ 0272 1012 9eLZ “f0Lg 0022 *¥642 0042 *v6T “55e2 0t
*6162 *2112 *Le02 *0991 16891 *6542 *9922 *£I22 0122 62162 w12 €132 8132 LLLZ -6L2 6112 *9WE2Z *5292 *GGe2 *Gaed ®
1961 L 1AL 0 n ; ” . CTYRTVIT VT T -
restia esizioreszfraLaziveet 0 20) Y
: 00022 99292 -SHLEL P TEVZ 10602 78
° Il °L%GC vWisZ “ITL "$99Z 0992 08GZ ‘1961 v
0 *CHIZ °Tel °*19%2 °0 *0 .0 *L9G2 hiv2 02382 'T20T CWLT ‘€521 elel *nl22 Y0552
) °cOMl °CSP  *Llv *GONE *0s0e °TL32 *91%  *0VIT °GL1Z °) )
a7 4 ad Y L7 aad ) L7-rod Bmminle 14
PR RE.| JPULY BRI L I

LeBGLT  CRELT CEMLT CLLST TSNZ 0L, o
*oIR2 ' vALZ *SHLZ SITGT S0veZ 1TveZ
e SeeC BEL]

[A{ [ 3 [

002¢ = 3¥lLl 384 2000 Q21 L AV ALINITYS ¢

e eoE LTt P re N IR - ottt a9t el e g L e e w e, . 0 o o ey , .00

D24




—_——

i b inaitts. aniiit-hak S AR T I3 ....2 “9008° 1262 .:.n 2600 9105 0%S 92"
117 LA M 4 3 %
[LTY I LT Y no- 1z ez .-nu~ 208 %0 .e ”

CLI2 19y

Tagld €2 a2 .u.u [T TN .n_a~ ALl .qn\u cyzer -n
‘002 "204L 042 164 “Gall *TIAT YUEAT COIHE "7lel
nnauliaaasldﬂ-ndIl!aHM|1ﬂdHN|lHﬂNuJl-4quldddd|114¢ﬂ4|||¢ddil
LATE IR L TR IR T I TARTITY Bg L TS
CLZ SgOLT “000Z *1SLT *S6(Z

[ 22 A ST T ARE A I i 47 22T § T-ERE & K20 T C SN X4
COZE 2132 QL T  IN4Z CVLZ o512 *aLe *SA2
SORIZ CTTIN CTLLZ 62 *2Q1Z “KILT *TSLT TAULT "Ll

YR Ca kit £ chle AR 141 A i 13 L “ﬂ"“ "-ﬂﬂ Iﬂ.ﬂﬂ -ﬂﬂﬂ “- -
R I T RTTTE T IT B ST CT32. 11}

S0R92 “21LZ 1892 992 *6£92 °"

D25

4 3 Gk
"I29¢ *AZOC *9N9F °5

*cLe2

29pz 8812 *he3z

]
93

9602 18t *Z260¢

*at0C 6%

463 *LTE2 *41%e *todg 0282 SHRLE *44E2 CTT02 24512 01272 satel I CTAET *e962 ”
C490Z “h6L2 *2VNZ *28VP 2992 *E002 *£042 w2 9 COH2 CZONZ  eTi2 2192 *itel 2
L) *1182 S9LLT THLLT *INZ -aﬁsu 46862 (23

: ] e
TRGLE Culee tuwil -oa_u SIS IR 22
CTLLZ SLSLZ *5LZ STLLE "0TLT *OILT *NI2Z *4nel "C9UZ "ZZIT *5082 *weal e
..z.u WITE RIS .:: SOI9Z *ARLZ NZLZ C¥¥4Z SIEZ °HLLE CCLLT °l1e2 (13

[ {1 =
Ssszteraz; eetib O STy N erivzeaey

ﬁ.n:nm:.u-u atiez o:.u iy
.u.-u;.:u .:: ave S92 C9CHT TELIT UV 162 S3nez ensl .3«.3:«.

*ecrd Cvetd .
‘Bull ‘eed "Zlag °RCee *IGEC *LGL?
*se8 -nuhu *Seld sl ‘esSLe
cﬁuhn

z
N

WPt

..ona-..a l: ..:ﬂ.. ia. bl

43 ° h uznco 2 .cn‘u.- 04

*stee .uvnn
‘o223

st
*y

-Jn& ‘vz .~n~
*EICT CRWET °2ee

.-0m 4092 G2
CLOWT SPLRR SATNT CANED

19 oamou uuroﬁ . ehu .hahn .ann« 9292
*8692 SRAIT 99T °TOLT 2072 °6 .92 °Cier

anu.« WET AIZHL, 2C4ET; S0t 2582 Pruur
.nto- 29292, Ouan *eL92 -nncu oanan on.an -oonu i.opn bt 3.} AL 15 onnOn (d 1 ¢ -nonn il & N

.nhﬁ«
‘L3t

[]
092 *SE92 “EO¥Z 1892 *GON

962 *9092 °966L 3212

onuin “0592 .hauﬂ i1 -anhn oqchu .nuﬁn -h- hed 124 on-u It -00n~ ML
*SiLe v»Ohn SOSLZ “RELZ *SSL2Z  TSIZ CAGLZ  COL2 °MIIZ CONLZ °UTHT CTLL2 05l




B
APPENDIX E: CRAY 1-S JOB CONTROL LANGUAGE
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Global Grid Hydrodynamics and Salinity

COESR,T17,1060,STCRA.

ACCOUNT (H48511KV00,921C0933-ACO ,ACOCOE , 6343809 )
JOB, JN=COESR, T=120.

SWITCH,CARET=+.

ACQUIRE ,DN=$PL , PDN=SFMSHYDDU ,RT=0 ,MF=I1,UQ, ID=COFH0933.
UPDATE, C=DATA,E,DW=80, IN.

DELETE ,DN=$PL NA.

RELEASE ,DN=$PL.

ACQUIRE ,DN=$PL , PDN=CLMSHYDPU, RT=0,MF=11,UQ, ID=COEH0933.
UPDATE, C,F, IN.

DELETE ,DN=$PL,NA.

RELEASE ,DN=$PL.

AUDIT,PDN=- , ID=COEH0933.

CFT,I=$CPL.

REWIND ,DN=DATA.

COPYSBF, I=DATA , 0=$0UT .

REWIND ,DN=DATA.

ASSIGN,DN=DATA,A=FTO5.

LDR,MAP, LIB=DISSPLA.
REWIND,DN=FT07 :FTO8:FT09 : FT10:FT11:FT12.

COPYD, I=FTO7.

COPYD, I=FTOS.

COPYD, I=FT09.

COPYD, I=FT10.

COPYD, I=FT11.

COPYD, I=FT12.

DISPOSE ,DN=FT99 ,SDN=COETGS1PLOT , ID=COEH0933 ,DF=SB,DC=ST ,WAIT.
DISPOSE ,DN=FT25 , ID=COEH0933 ,DC=ST,DF=TR, WAIT, +
TEXT="USERNO, 868 , XUMPOM . MASS . STORE FT25:TINSH1.'.
DISPOSE ,DN=FT35 , ID=COEH0933 ,DC=SI ,DF=TR, WAIT, +
TEXT="'USERNO, 868 ,XUMPOM.MASS STORE FT35:TINTS1.'.
EXIT.

REWIND,DN=FT07 : FT08 : FT09:FT10:FT11:FT12.

COPYD, I=FTO07.

COPYD, I=FT08.

COPYD, I=FT09.

COPYD,I=FT10.

COPYD,I=FT11.

COPYD, I=FT12.

DISPOSE ,DN=FT89 , SDN=COETGS1PLOT , ID=COEH0933 ,DF=SB,DC=ST ,WAIT.
DISPOSE , DN=FT25, ID=COEH0933,DC=ST ,DF=TR, WAIT, +
TEXT="'USERNO, 868 ,XUMPOM.MASS STORE FT25:TINSHI.
DISPOSE ,DN=FT35 , ID=COEH0933 ,DC=ST ,DF=TR, WAIT, +
TEXT="'USERNO, 868 , XUMPOM.MASS STORE FT35:TINTS1.
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Refined Grid Hydrodynamics and Salinity

COESR,T17,1060,STCRA.

ACCOUNT (H48511KV00,921€0933-AC0,ACOCOE ,6343809)
; JOB, JN=COESR, T=820,CL=C.

N SWITCH, CARET=+.

ACCESS ,DN=FT24,UQ,NA.

- ACCESS ,DN=FT34,UQ,NA.

DELETE ,DN=FT24,NA.

DELETE ,DN=FT34 ,NA.

RELEASE ,DN=FT24.

RELEASE ,DN=FT34.

ACQUIRE ,DN=FT24 , ID=COEH0933 ,RT=0,DF=TR, UQ, +
TEXT='USERNO, 868 , XUMPOM.MASS . GET FT24:TINSH.'.
ACQUIRE ,DN=FT34 , ID=COEH0933 ,RT=0,DF=1R, UQ, +
TEXT ='USERNO, 868 ,XUMPOM.MASS.GET FT34:TINTS.'.
REWIND,DN=FT24:FT34.

ACCESS ,DN=DATA , ID=COEH0933,UQ,NA.

DELETE ,DN=DATA,NA.

RELEASE ,DN=DATA.

ACQUIRE ,DN=DATA, ID=COE}0933 ,RT=0,UQ, +

: TEXT="'USERNO, 868 , XUMPOM.MASS . GET DATA:H485TRSD.'.
- ACQUIRE ,DN=$PL , PDN=CLMSHYDPU ,RT=0 ,MF=11,UQ, ID=COEH0933.
» UPDATE, C,F, IN.

- DELETE ,DN=$PL,NA.

" RELEASE ,DN=$PL.

‘ AUDIT,PDN=- , ID=COEH0933.

CFT,I=$CPL,L=0.

REWIND ,DN=DATA.

- COPYSBF, I=DATA ,0=$0UT.

A REWIND ,DN=DATA.

-. ASSIGN,DN=DATA ,A=FTO05 .

LDR,MAP,LIB=DISSPLA.

REWIND ,DN=FT07:FT08 :FT09:FT10:FT11:FT12.

COPYD, I=FT07.

COPYD, I=FTO08.

COPYD, I=FT09.

COPYD, I=FT10.

COPYD,I=FT11.

COPYD, I=FT12.

DISPOSE ,DN=FT99 , SDN=COERTSPLOT , ID=COEH0933 ,DF=SB,DC=ST ,WAIT.
EXIT.

REWIND,DN=FT07:FT08:FT09:FT10:FT11:FT12.
COPYD,I=FT07.

COPYD, I=FTOS .

. COPYD,1=FT09.

COPYD, I=FT10.

COPYD,I=FT11.

COPYD,I=FT12.

DISPOSE ,DN=FT99 , SDN=COERTSPLOT , ID=COEH0933 ,DF=SB,DC=ST,WAIT.
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