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PREFACE

This report is published to assist coastal engineers in the study of
s:~ rm surge and inland flooding for use in the planning and design of
protective coastal works . The work was carried out under the coastal
processes program of the U.S.  Army Coastal Engineering Research Center
(CERC).

The report was prepared by Robert 0. Reid , Andrew C. Vastano, and
Thomas J. Reid , Coastal Studies, Inc., who are also on the staff of the
Department of Oceanography, Texas A G M University, College Station,
Texas , under CERC Contract No. DACW64-74-C-00l5 to the U.S. Army Engineer
District, Galveston.

The authors acknowledge the help of many individuals of the Galveston
District, in providing most of the data necessary in schematizing the
Sabine-Calcasieu system, the data for tidal calibration, the wind fields
and observed water level data for Hurricane Carla, and the necessary in-
put data for the Standard Project l~irricanes. G. Marinos and M. Choate
assisted with various stages of the development and carried out the runs
for the Standard Project Hurricane via the GE series 400 computer.

G. Marinos was the Galveston District contract monitor for the report
under the general supervision of S. Tanner, Chief , Coastal Planning
Section. Dr. Jon Hubertz was the CERC technical monitor of the report
under the general supervision of Dr. D.L. Harris, Chief , Coastal Ocean-
ography Branch , Research Division.

Comments on this publication are invited.

I
Approved for publication in accordance with Public Law 166, 79th

Congress, approved 31 July 1945, as supplemented by Public Law 172,
88th Congress, approved 7 November 1963.
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p
CONVER SI ON FACTORS , U.S .  CUSTOMARY TO M E T RI C (SI)

UNITS OF ME ASU REMENT

U.S. customary units of measurement used in this report can he converted
to metri c (SI) units as follows :

Multiply by To obtain

inches 25.4 millimeters
2.54 centimeters

square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters

feet 30.48 centimeters
0.3048 meters

square feet 0.0929 square meters
cubic feet 0.0283 cubic meters

yards 0.9144 meters
square yards 0.836 - square meters
cubic yards 0 .7646 cubic meters

miles 1.6093 kilometers
square ru les 259.0 hectares

knots 1. 8532 kilometers per hour

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

m i ll i b a r s  1.0197 x ~~~ kilograms per square centimeter

ounces 28.35 grains

pounds 453.6 grams
0.4536 kilograms

ton , lon g 1.0160 metric toil s

ton , short  0.9072 metric tons

degrees (angle) 0.1745 radian s

Fah renheit  degrees 5/9 Celsius degrees or Kclvins 1

~~~~~~~~~~~~~~~~~~~~~~ a-fl znS fl ~~~~~~110 o b t a i n  Celsius (C) tempera~ ure readings from Fahrenheit (F) readi n gs ,
use f o r m u l a :  C = (5/9) (F -32).
To obta in  Kelvin (K )  readings , use fo rmula :  K = (5/9) (F —32) + 273.15.
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SYMBOLS AND DEFINITIONS

A cross-sectional area of a channel

Ab effective surface area of a block

Ac cross-sectional area of a channel

A5 surface area of an estuary at MSL

a0 amplitude of input tide to an estuary

B 8/31T m(A5w)
2 a0, a parameter which determines the phase lag of

tidal response in an estuary

SN right-hand side of equation (48)

BP ri ght-hand side of equation (46)

b (~ A/~ S)H const. ’ a characteristic of a channel

Cd dimens ionle ss discharge coeff icient character izing a constricted
opening between bay and sea

Cg admittance coefficient (with dimensions of velocity) ; nominally
represents the wave speed in the sea

C0 dimensionless overflow coefficient (generally less than 0.5
for a broad-crested barrier)

Cs dimensionless discharge coefficient for a submerged barrier
(generally less than i7 )

D total depth of water at position x ,y at time t

D a mean depth for the effective fetch across a block ; also mean
depth for a channe l (DN + Dp) / 2

Eh~, depth of water over the crest of a barrier

Dc effect ive depth of a channel A~ /w

Dmax iraximum depth to be expected anywhere in the system during a
storm surge

F L contribution to the forcing term in equation (17) due to lateral
transfer of mass and momentum

f dimensionless bed resistance coefficient for blocks

channel bed f r ic t ion coefficient - I

I I



I
SYMBOLS AND DEFINITIONS--Continued

G damp ing fac tor for channel s, see equation (44)

damping factor for x-transport on blocks , see equation (35)

damp ing factor for y-transport on blocks, see equation (36)

g acceleration due to gravity

11 water level elevation relative to local MSL datum

MB water elevation on the water-connected block of a channel

tIC common water eleva tion for a channel j unction

MM mean water level anomaly of connected channel and blocks

HX water level at the lower end of an x-channel

MY water level at the left end of a y-channel

HA Ii at point B in a channel

Fib water level on the hi gh side of a barrier

Hg input tide level at time t outside a bay entrance

H(i , j )  water  level anomaly H for block ident i f ied  by x and y
indexes i,j

tentative predicted U for a ponding block in the absence of
any contribution by longi tudinal  discharge to or from the
channel wh ich termin ates adjacen t to tha t block

H’ value of H at new t ime level

11I!~ new H value at point F in channel

H 1 ~ H~ water levels on the two sides of a barrier (both of wh ich
exceed Zb) , equation (10)

i x-index for grid b locks

j y-index for grid blocks

K dimensionless wind-stress coefficient, equation (6)

I. effective fetch length

2



SYM BOLS AND DEFINITIONS--Continu ed

Lf net time rate of gain of water volume per unit distance along
the channel by lateral transfer and rainfall

net time rate of gain of momentum (divided by water density)
per unit distance along channel

in fL/ gD~A~ or l/ g(C~AJ) 2

N denotes negative characteristic

n time index

P wind “push” term XE~t or Y~ t ; also denotes positive
characteristic

Q volume transport through cross-sectional area of a channel

mean Q value for channel , equation (45)

QCXP K flow at the upper end of an x-channel for channel block K

QCYN K flow at the left end of a y-channel for channel block K

QCYP K flow at the ri ght end of a y-channel for channel block K

QCXN K flow at the lower end of an x-channel for channel block K

Q at point A of positive characteristic

QB Q at point B of negative characteristic

Qd discharge f rom channel to ponding block

qf the flow (per unit length of channel) from the channel to
the adjacent block

lateral volume flux per unit length into the channel

q
~ outward component of volume flux at a boundary

q0 lateral volume f lux per unit length out of the channel

flow (per unit length of channel) from the channel block to
the channel (across the interior side of the channel)

Q’ new Q value - .

new Q at point N

- A _~4



SYMBOLS AND DEFINITIONS--Continued

Qt’ new Q at point P

specified river discharge

R ra infal l  rate

R(i , j )  ra infal l  rate for block i ,j

r relative ampl itude response

s distance along the axis of a channel

T tidal period

T5 longitudinal component of wind stress (divided by water density)
or

appropriate wind-stress component (X or Y) corresponding to
time level t for the associated channel block

t time

U vertically integrated x-component of volume transport per
unit width

UCF(K) lateral transport, per unit width per unit t ime , nominally from
an x-channel of block K to an adjacent block ; also denoted
UCF K

UCT(K) lateral transport, per unit width per unit time , nominally to
an x-channel from the interior of block I; also denoted UCTK

UN U value on left side of block

U(i , j )  value of U at the left side of block i ,j

U( i + l ,j) value of U at the right side of block i ,j

u typical fluid speed in the bay

U ’ value of U at new t ime level

V vertically integrated y component of volume transport per
unit width

VCF(K) lateral transport per unit width per unit time , nominally from
an y-channel of block K to an adjacent block; also denoted
VCFK
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SYM BOLS AND DEFINITIONS--Continued

VCT(K ) lateral transport per unit width per unit time , nominally to
an y-channel from the interior of block K; also denoted VCTK

VN 1 value of V at the lower side of a block

V(i , j)  value of V at the lower side of block i ,j

V(i , j+ l )  value of V at the upper side of block i ,j

V ’ value of V at new time level

IV windspeed at 10-meter elevation over the water

a critical speed taken as 14 knots (7 meters per second)

w surface width of a channel (conveyance width)

X x-component of the wind stress divided by the density of the
water

X(i+l,j) value of X for right side of block i,j

x horizontal Cartesian coordinate nominally alongshore, positive
to the right when facing shore

Y y-component of the wind stress divided by the density of the
water

Y(i,j+l) value of Y for top side of block i ,j

y hor izontal Cartesian coordinate nominally normal to shore ,
positive Iandward

Z elevation of the seabed relative to MSL datum

Z(i ,j) value of Z for block i ,j

Zb barrier crest elevation

channe l bed elevation

cx (gD)½ ~t/~s (Courant number); also Lc/DcAc, equation (77)

r L (CbDb ) 2/
~~~t

a head differential dependent upon barrier type

net lateral flow to the channel per unit length of channel

I
‘5



‘p

SYM BOLS AND DEFINITIONS--Continued

As grid si ze for blocks (distance between successive H values
in both the x and y directions); also written AS or DELS

At time step (time interval between successive H values at given
location); also written DELT

O the angle between the wind velocity vector and the x-axis

A w (gU)½/G

3.14159

o wfjQ~/A 2

+ latitude

absolute ~angular speed of the earth

w radian frequency 21T/T
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DEVE LOPMENT OF SURGE II PROGRAM WI Th APPLICATION TO ThE
SABINE-CALCASIEU ARE A FOR HURRICANE CAR LA AND DESIGN HURRICANES

by
Robert 0. Reid, Andi ’~~ C. Vaetcozo, c~’id Thomaa J .  Reid

I. INT I~~DUCTION

Numerical techniques for the solution of equations representing storm
surges in coastal areas were signifIcantly augmented in 1966 by the de-
velopment of a two-dimensional model (referred to in this study as the
SURGE I program) for the U.S. Army Engineer District, Galveston (Reid and
Bodine, 1968). At affout the same time a nuther of bay models emeiged.
Notable among these are the models of Leenderste (1967) and Pdasch, et al.
(1969), which have been applied to problems of both surge and circulation
in bays. These models include the Coriolis force which is neglected in
the Reid-Bodine model. However, the Reid-Bodine model produced the first
successful inclusion of flooding, recession, barriers, and flow over
barriers in the study of inundation of low- lying coasts . The actual
model is a nonlinea r system of equation s and boundary conditions solved
by numerical integration of time-dependent, forced motion. Its use pro-
duces the water response to storimi,inds over the region for a given storm
tide at the seaward boundary. The initial application was a hindcast of
the Hurricane Carla surge generated in Galveston Bay during 9 to 12 Sep-
tether 1961.

During Hurricane Carla, the wetted perimeter of Galveston Bay essen-
tially doubled, as accurately reproduced in the hindcast computations.
Serial observations of water levels for the storm period available from
stations throughout the bay were compared to levels computed with the
numerical algorithm. These records produced a standard deviation of less
than 4 inches, overall. The maximum deviation of the water level predic-
tion was 1.5 feet and occurred at the grid square corresponding to the
location of the Pelican Island Bridge which spans the channel between
Galveston and the Pelican Islands. Although this disparity was rela-
tively large, its effect on the computations was effectively reduced by
the smoothing operation of the numerical integration. However, this
difference points out a basic problem confronting any model--the minimum
definition of topographic features.

The basic problem of indicating subgri d scale effects in numerical
modeling is normally solved by parameterization of the omitted physical
mechanism. Often, an analytic relationship is introduced that requires
the specification of empirically derived constants; e.g., the wind-stress
equation for the transfer of momentum from wind to water. Another simple
and pertinent instance is the a p r iori rotation of wind vectors over
certain grid squares in the Hurricane Carla computations for Galveston
Bay. The model Galveston entrance channel was not in the proper orienta-
tion on the Cartesian numerical grid system and, as a result, did not
adait a realistic amount of water to the bay. A programed shift in the
wind vectors indicated this sthgrid scale feature.
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SURGE I has been applied to the study of Texas coastline surge sus-
ceptibility. The topographic features of this region are characterized
by barrier islands and shallow, river-fed bay systems surrounded by near
sea level land and marshes. The specific applications of the program
have therefore centered interest on the immediate environs of a bay. The
requirement for surge studies of appreciable distances inland from the bay
system has only recently been placed on the numerical model. The propa-
gation of the surge to higher ground through necessary subgrid scale topo-
graphic features has required an extension of the basic algorithm.

The new algorithm developed for the study of the Sabine-Calcasieu
region is referred to as the SURGE II program. This program incorporates
all the features of SURGE I with the further option of representing vari-
able depth and width channels along the sides of each grid square. The
flow computations for the channels interact with the normal grid square
computations and permit a complete suite of flooding conditions for over-
topping of levees . In this manner SURGE II provides a time-dependent ,
subgrid scale transport of water through the model.

II .  ThEORETICA L DEVE LOPMENT FOR SURGE II

1. Su~~~ry of Two-Dimensional Theo.~~~

The development of SURGE II was based on the SURGE I concept by Reid
and Bodine (1968). A part of this study is presented here to provi de a
complete description of SURGE I I .

The advection of momentum (or field acceleration) is considered neg-
ligib le except at singular regions of the bay (submerged barriers and
narrow channels) where the effect is included implicitly through the use
of appropriate nonlinear discharge relations. The effect of the earth’s
rotation is also neglected; this approximation appears justifiable for
systems of small spatial scale and shallow depth where frictional forces
are more dominant.

Within the norma l domain of the bay and immediate adjoining sea , the
vertically integrated equations of motion and of continuity appropriate
to the problem are taken as follows:

+ gD X - fqUD
2 

(1)ax

.~! + ~~~ 
-
~~~~~ — Y — fqVD
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where

x and y = horizontal Cartesian coordinates;

t = time;

U and V = vert ical ly integrated x and y components , respectively,
of transport per unit width ;

g = gravity;

[1 = water level elevation relative to the local mean sea
level (MSL) datum;

D = depth of water at position x, y at time t;

q = magnitude of the transport per unit width ;

f = dimensionless bed-resistance coefficient;

R = rainfall rate;

X and Y = x and y components of the wind stress divided by the
density of the water (the density assumed constant) -

Normal values of f are in the range 1O~~ to 10-2 for typical seabedconditions.

The valt~ of q is obtained from U and V by

q — (U2 + (4)

which is a positive quantity .

The kinematic forms of the wind-stress components in the absence of
rain fal l are taken as

X K W2 cos 0

Y K W 2 sIn O , (5)

where W is the windspeed at a 10-meter elevation over the water, and
8 is the angle between the wind velocity vector and the x-axis. The
dimensionless coefficient, K, used in the calculations is presumed to
be a function of windspeed as implied by the van Dorm (1953) relation
for wind stress. Specifically, it is assumed that

K K 1 for W < W
— c

W 2
K — K 1 + K 2 (i~~~~S) f o r W > W , (6)



where the constants K 1 and K2 are taken as 1.2 x 10 6 and 1.8 x 10-6,
respectively, and W~ is a cri tical speed which is taken as 14 knots
(7 meters ~er second) . For large windspeeds , K approaches the limiting
value of 36 x 10 6 which corresponds to a resistance coefficient of about
3.0 x iØ~~

3 if t he ratio of air density to water density is taken as
1.2 iO~

3.

In the presence of rainfall an added flux of momentum proportional to
RW occurs (van Dorm , 1953). The effect can be included by augmenting K
by R/W . For heavy rainfall , the resulting K is increased about 10 per-
cent.

The variables H and D are related by the simple expression ,

D = H - Z  , (7)
where Z is the elevation of the seabed relative to the MSL datum .
Presumably, z is a function of x and y only; i.e., the time-depen-
dent scour of th~ seabed is ignored .

The above equations ignore the direct e ffect of variable atmospheric
pressure which is relatively minor in a small, shallow bay. The effect
over the sea is incl uded implicitly through the specification of an
appropriate surge height versus time in the adjoin ing sea where the com-
bined effects of winds and differential atmospheric pressure give rise
to a coastal storm surge. This is presumed to be determined independently
of the detailed calculations for the bay and enters as a boundary condi-
t ion.

a. Boundary Conditions. Four different types of bounda ry conditions
are used in this system of computations. Two of these conditions apply
to the water-land boundary, one condition applies to the artificial bound-
ary representing the seaward end of the bay system, and one applies at
partial barriers internal to the system. (Additional internal conditions
are needed in the presence of irthedded channels as discussed later in
Section 111 ,2.) All four conditions relate the normal component of flow
at the boundary to the state.of the water level at the boundary.

In general , the boundary between bay water and lan d depends on the
water elevation and the land topography. The shoreline for dif ferent
uniform elevations of the surface of the bay is readily established from
a knowledge of the topography. For a bay with low-lying terra.in, the
rate of increase of surface area of water per unit increase of water
level can be cons i derable. in the actual rising stage of storm tide the
amount of inundation is controlled by the rate at which the water can
flow into the potential ponding areas. In the present scheme, which uses
a representation of the bay in terms of a discrete grid, the elevation of
the seabed or land is regarded as uniform over each grid square, thus
forming a two-dimensional , stairstep-type approximation of the actual
topography. The boundary condition on the normal component of flow, q~,at the juncture of a flooded square and a dry square is taken as

.j
~.
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q~~~~O ,  (8)
if the elevation , H, of the water is less than that of the adjacent
dryland . However, if the water level is greater than that of the dryland,
then the rate of flooding, qn. per unit length of land barrier, is
given by

- 

± C0D~ (gD~)~S , (9)

wh ere Db is water depth over the crest of the barrier, and C0 is an
appropriate dimens ionless overflow coeff icient, generally less than 0.5
for a broad-crested barrier. The choice of sign depends on whether the
flooding is from bay to land or from flooded land back to the bay during
the recession stage .

Equation (9) is considered valid for any barrier with in  or at the
boundary of the system for which the water level on one side of the
barrier is greater than the barrier crest elevation, Zb ,  and for which
the water level on the other side is less than Zb. Moreover? D~, is
simply 11b - Zb, where Hb is the water level on the high side.

In the case where the water level on both sides of an internal barrier
exceeds the barrier-crest elevation, the discharge is taken as that for a
submerged wier,

± C5D~(g1R 1 — l~2!)
½ , (10)

where I)i~ is the water depth over the crest of the barrier, H1 and H2
are the water levels on the two sides of the barrier (both of which exceed
Zb ) ,  and C~ is an appropriate dimensionless discharge coefficient for
the submerged barrier (generally less th an Ii) . In this case , Dim, is
taken as (H1 + H2)/2 - Zb. Again, the si gn is taken such that the flow
is directed toward the low-head side of the barrier. Both equations (9)
and (10) presume that the velocity of approach to the barrier is much
less than the velocity over the barrier.

In the numerical computational scheme, emphasis is placed on the eval-
uation of flow and water levels within a bay which is connected to a sea
of essential ly unlimited extent. An appropriate boundary condition is
required either at the mouth of the bay system or along some line within
the sea which delineates the outer limit of the computational grid. The
correct approach would be to treat the development of the surge in the
sea and bay as a single problem. However , the diffe rence in spatial res-
olution required for the two different regions of the system , as well
as computer storage limitations, makes this impractical. The assumption
is made that the effect of the conditions in the bay has only a minor
influence on the development of the surge in the sea and over the Conti-
nental Shelf. The evaluation of the latter can be determined independ-
ently of the bay problem or obtained fr om observation and used as an
outer boundary condition for the bay.
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The si mplest condition at the seaward boundary is of the form

H H g (11)

whe re Hg is the prescribed water leve l which would exist in the absence
of the bay at time t at the outer boundary of the bay system . SURGE II
presently uses this condition at the seaward boundary and at lateral
boundaries on the limited shelf part of the system. An alternative con-
dition for the lateral boundaries on the shelf is to prescribe that
aU/ax = 0 at these boundaries where x is taken alongshore (Jelesnianski ,
1966, 1967). An alternative condition for the seaward boundary is one
which allows for radiation of energy to the sea. The latter condition
is of the form

H = Hg + q~/Cg , (12)

where q
~ 

is taken positive outwards from the bay to the sea, and Cg
is an appropriate admittance coefficient (with dimensions of velocity).
Nominally , Cg represents the wave speed in the sea. The generalized
condition (eq. 12) is nearly equivalent to the simplest condition (eq.
11) if  Cg greatly exceeds the wave speed for the bay.

b. In i t ia l  Conditions. Since the system includes allowance for fri c-
tional dissipation as well as radiation of energy , the solution for given
fie lds of X and Y and given boundary function, Hg~ should be reason-
ably insensitive to the nature of the initial conditions after a suitable
lapse of time from the initial state. Thus, the initial conditions can
be somewhat arbitrary . As in the laboratory model experiments, it is
reasonable to start from a state of equilibrium in which U and V are
zero and H is uniform throughout the system, in order to minimize the
introduction of transient oscillations related to the starting conditions .
Moreover , a reasonable period (depending on the characteristic decay time)
can be allowed for the system to reach that state where its response re-
flects only the effect of the forcing functions.

2. Theory of Eithedded Ch annels.

Let s denote distance along the axis of a channel whose cross-
sectional area is A and surface width is w at position s and time
t. Let Q be the volume transport through A in the positive sense of

and let H be the water elevation above t.6L datum at the same section.
In general, A and w are known functions of H for a given cross sec-
tion , as determined by the geometry of the cross section (Fig. 1). In
particular , aA/~H = w for given s. The width w is to be the “convey-
ance” width , as used by Dronkers (1964).

The channel is considered an “open system” in the sense that water
and momentum may enter or leave the channel laterally; i.e., exchange of
fluid with adjacent bay area or flooded land can exist. If the longi-
tudinal velocity in the channel is considered uniform for evaluating the
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MWL

Fi gure 1. Schematic channel cross section showing
pertinent parameters .

long itudinal transport of momentum, then the equations of motion and
continuity for a given channel reach are (Stoker, 1957, Ch. 11; Dronkers,
1964, Ch. 9)

+ f- (Q~ /A) + gA = wT
9 

- oQ + Lm (13)

at as f ’

where

Is = longitudinal component of wind stress (divided by water
density);

a = wffQI/A 2 where f is a dimensionless channel-friction
coeff icien t ;

Lf = net time rate for gain of water volume per unit distance
along the channel by lateral transfer and rainfall;

Lm = associated net t ime rate of gain of momentum (d ivided by
water density) per unit distance along channel.

The units of Lf are square feet per second; L~ has the units cubicfeet per second squared.

It is convenient in the analysis of the channel dynamics to trans-
form the above equations into a characteristic form. There are several
different possible characteristic forms. The approach used by Stoker
(1957) is to work with u and H (where u Q/A) as the dependent
variables. Dronkers (1964) work s with either Q and H directly or
with  Q and total head (H + (Q/A)2/2g). Each method has certain
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advantages and disadvantages . In the present analysis , the vari ables
Q and II are used to be as consistent as possible with the computa-
tions in the two-dimensional regions of the system.

In transforming equations (13) and (14) to characteristic form, it
is noted that

3A aH

(15)

where

b E 1 ~1
~as) H const . (16)

(For a channel of uniform cross section the latter quantity would be
zero.) It can be shown, fol lowin g Dronke rs ’ (1964) analysis and con-
sidering equation (15), that a characteristic form of equations (13)
and (14) is

along the path s (t) where

(18)
dt A —  w

Th~ path line where the plus or minus sign is taken in equation (18) is
referred to as the positive P characteristic or the negative N
characteristic path , respectively. These are illustrated in Figure 2
where x corresponds to s, the two paths having point C in common.
Equation (17) with the upper sign applies along P and equation (17)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 2. Schematic positive and negative characteristic paths
to a conmion point in the x, t diagram.
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with the lower sign applies on path N. Thus, information with regard
to Q and H at points X

A 
and at time t and along the two

paths can, in principle , be used to predict the values of Q and H
at point C from two equations .

For a laterally closed channel (Lf, L~ 
0) of a uniform cross section

(b = 0) without friction (a = 0), in the absence of wind stress (T5 = 0),
then the quantity in braces on the ri ght-h and side of equation (17) van-
ishes . In this case only the information at points A and B of Figure
2 is needed to predict values of H and Q at C. To show that equa-
tion (17) is consistent with Stoker’s (1957) analysis for this special
case, let u = Q/A and D = A/w . For a uniform cross section at given H,
dH/d t = dD/d t, so equation (17) reduces to-

d(DU) + ~ U ± /~j 3 )  ff~ 
= 0 (19)

along

(20)

Equation (19) simplifies further to

wD~~~~(u ±2/~~) = O .  (21)

Thus, for this special case (u + 2vgD) is conserved along P where
dx/dt = u + i’~ 5, w h i l e  (u - 2/~5) is conserved along N where dx/dt =

u - v’~5. Thus , u and D (hence, Q and 11) can readily be evaluated
at C.

In the more general case the time integral of the right-hand side of
equation (17) must be estimated in a rational way . This is considered
later in Section 111 ,2. Also , in the general case it is usually not
pcssible to put the lef t -hand side of equation ( 17) in the simple form
shown in equation (21).

a. Lateral Transfer Terms. In the absence of direct rainfall , Lf
must equal the net gain of volume per unit length per unit  time due to
lateral flow into the channel on either or both sides . Let qi and
respectively, represent the volume fluxes per unit length in to  and out of
the channel. Then, Lf = qj  - q0 in the absence of rainfall , or

Lf = q~ 
- q0 + wR (22)

with rainfall. The corresponding lateral transfer of momentum (divided
by w ate r de ns i t y ) is

L q
1

U
1

— q
0

U
0

, (23)
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the transfer from rainfall being included in the wind-stress term as
discussed in Section 11,1. In equation (23) the quantity u0 is
simply Q/A for the channel while uj is the channel-directed com-
ponent of velocity of fiuid from the adjoining block water area. In
equation (17) the tern5 L

~ 
and Lf contribute to the right-hand side

the quantity,

F
L 

L
~ 

— ~ L~ ± . (24)

Using equations (22) and (2 3) yields

q~ Cu1 
— u) — wRu ± (q

1 
— + wR) . (25)

The lateral flows into or out of the channel can be evaluated by
relations such as.equations (8), (9), and (10) .  Th is is also discussed in
Section 111 ,2.

b. Simplifications. The SURGE II progr am uses certain simplifica-
tions of the

1 
above equations . For normal conditions , the propagational

speed (gA/w)1 significantly exceeds the speeds Uj or u0; i.e., Q/A.
Accordi ngly,  F is approximated by

F
L ± Lf. (26)

Elsewhere in equations ( 17) and (18) ,  Q/A is neglected compared with
(gA/w)½ . Moreover, each channel reach -within a grid block is considered
of uni form wid th  and bottom elevation Zc; however , w and Zc vary
from one reach to another. Thus , b = 0 for each reach and

A/w = D = H -  Z~ . (27)

Under these conditions equations (17) and (18) tak e the form,

± v/~~ ~~~~~ {w~r - flQfQ4b2w) ± /~~ (q~ - q
0 
+ wR)} (28)

along

(29)

where T3 = X or Y as s a x or y, depending on channel orientation. Equa-
tion (28) can also be expressed in the form, 

- : - -

- F  (30)

~~~~~~~~~~~~~~ _ _ _ _- ~~~~~~~~~~~ 

V - - ,



for a given channel reach where F is the right-hand side of equation
(28) . The neglect of Q/A relative to /~i5 in the above approximate
channel equations is tan t amount to neglect of long itudinal advection of
momentum ii1 the ori ginal equation (13) , an approximation already made in
the two-dimensional equations in Section II, 1.

I I I .  SURGE II PROGRAM

N umerical algorithms for two-dimensional blocks and sub grid scale
channels are given in this section, and the coupling between these is
discussed. A complete listing of the SURGE II program is in Appendix
A. A description of the program , as adapted for the GE-400 computer ,
and the required input and output options are discussed in Appendix B.
Append ix C is a user’s guide to the SURGE II program . The block algo-
r i t h m  is essent ia l ly  as discussed by Reid and Bodine (1968) excep t for
a change in the barrier comput ation and incorporation of coupling with
the subgrid scale channels.

1. Block Algorithm.

In the n umerical analog of the prognostic equations (1),  (2) , and
(3) , values of H are evaluated on a uniform Cartesian mesh at spacing,
~s , for uniform time steps , Eit .  The values of H are representative
of the water leve l for the grid square i , j which is centered at
x = (i - 1/ 2 )  ~s, y = ( j  — 1/ 2) t~s, at tine nt~t, in which i , j ,  and
n are integers . Values of Z are specified as permanent storage for
the same locations as H so that  D can be evaluated as needed at these
locations. Values of U are evaluated at even half steps of x, odd
h a l f  steps of y, and odd half  steps of t (Fi g. 3). This staggered
system gives the least storage consistent with a given spatial resolution.
It corresponds to the simplest scheme discussed by Platzman (1958) and
requires only hal f  the storage compared with the coupled scheme used by
Miyazaki (1963).

The variables X and Y are supplied at spatial locations consis-
tent with U and V, respectively , but at even half steps of t. Values
of Hg are supplied for positions and times on the outer boundary of the
bay consistent with the locations and times for the H values on that
line. Values of R are supplied at locat ions consistent with  H but
at a one-half time step out of phase with I-I. Arrays of X , Y, and R ,
for a single value of j and n , and the array of Hg values for given
n are read from tape as required. The fields of X and Y are gene- .

.-~~ - -

rated from a coars e spat i al and temporal array evaluated from the basic ~~meteorological data and then evaluated for the detailed mesh by l inear
interpolation -—.

27

-

~ 

_  
_ _

- 

.f__
~ 

a..* 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



(j + l T h s
1 E?IJ
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Fi gure 3. Example of grid blocks showing staggered
arrangement of variables LI, V , and H.

Information pertinent to the position, elevations , and discharge
coefficients for barriers (those not resolved by the limitations of the
grid system) is stored as permanent storage along with the field of Z.

The nwierical analogs of equations (1) , (2) , and (3) use values of
U, V. H, Z, X , Y, and R at locations shown in Figure 4 for a typical
calculation . In the present application a common value of R for given
time is used for the whole spatial array . The following not ation is used
in the recurs ion equations : H(i ,j )  represents H centered in block
i, j at t — nat; U(i,j) represents U for the left side of block i,j at
t (n - 1/2) ~t; v(i ,j) represents V for the lower side of block i , j
at t (n - 1/2) tat.

Primed syn~ ols are used to denote values of these variables at timestep E~t later. Thus, the difference U’ - U is centered in time at
the level of H, and the difference H’ - H is centered in time at the
level of U’ or V ’ . The notation for Z or D is consistent with -:

~
that of H

28



BLOCK 1,11+1

U C i  , j + 1  ) 
~~~~~~~~ ~~~ ~ UC i +1 ,j+1 )

~~~~~~

BL O~K ,~ BLOCK i #1 ,1
fl ( i  J )

Ut i ,j) Z(i ,J) U (i +1 ,j) H (i+1 ,j)
RC I ,J) X (i +1 ,j) Z (l+l ,j)

-V (i ,J) -V (i+I ,j) -‘

Figure 4. Basic block triad showing variables used
in computation of U , V , and H for block 1.

The frictional terms in equations (1) and (2) are represented by
• fAU ’D 2 and fQV’D~

2, respectively, where the estimation of Q and D
is centered spatial ly at the position for U’ or V’. Since U, V, and
D are not available at common locations, this requi res a suitable spatial

• average in order to obtain centered values of Q and D. The resulting
recursion equations for U, V, and H, using -centered differences for
the spatial derivatives, are as follows :

U’(i+l,j) — c ( i j) {u(i+i,j) 
~~~~~~~~~~~ (D(i+1,j)

+ D(i , j )]  [H(i ,j) — H(i+1,j ) ]  + X(i+1,j )A t}  (31)

V’ (i ,j+l ) 
G2(i ,j) {v(i,j+1) ~~~~~~ (D(i ,j+l.) -

+ D(i ,j) ] (H(i ,j) — R(L ,j+ 1) ] + Y(i ,j+1)At} (32) ;~~~~~~

_
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H ’(i ,j) — R(i ,j) + [u ’(ij) + V’(i,j)

— U ’ (i+l ,J )  — v’(i,j+l)J + R(i ,J ) à t , (33)

where

D(i ,j) — 11(1,3) — Z ( i , j ) ,  (34)

and G1 and G2 are the factors which incorporate the effect of the
friction. These are given by:

G1(i,j) 1 + fAt {[4u(i+1,j)]2 + [V(i ,j) ~+

+ V(i,j+1) + V(i+1,3÷1)]2}½ [D(iJ ) + D(i+1,J)] 2 
(35)

and

G2(i,j) 1 + fAt ([4V(i,j+i)2 + [U( i,j) + U(i+1,j)

+ U(i,j+].) + U(i+1,j+1)12}½ (D( i,j) + D(i,j+1) ç.2 
. (36)

The latter factors are always somewhat greater than unity unless the flow
or friction factor vanishes.

The prediction relation for 1-1 given by equation (33) does not con-
sider any possible contributior of flow to or from the block due to the
presence of a subgrid scale channel. This will be considered in a subse-
quent section.

It should also be emphasized that the effect of Coriolis force is not
considered. The relative importance of the Coriolis force compared with
bottom fr iction can be estimated in terms of the ratio , r, of these two
forces which is of the order,~

r = AD/fu , (37)

where

A = Cor iol is parameter (2~l sin •, ci being the absolute angularspeed of the earth and ~ the latitude);

D = mean depth ;

a bottom-friction coefficient ; - .
~

u typical fluid speed in the bay.
- •
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For 300 latitude A = 7.3 x b - 5 ; typical D and f for gul f coast bays
are 10 feet and 2 x ~~~ respectively. For u = 3 feet per second, which
is reasonab le for storm condi tions , r is only 1/10. However, for
norma l circulational regimes u may be only a fraction of 1 foot per
second and r is of order unity. Hence , while it may be justifiable to
neglect the Coriolis term for short-duration storm surge studies for
shallow bays of limited horizontal dimensions it cannot be neglected in
long-term circulational studies.

Al though it does not appear difficult to add the effect of Coriolis
force, it can be shown (Platzman , 1958) that a different scheme for the
Ii, V, and H arrays is necessary for numerically stable computations using
an explicit time-marching procedure as used here. The coupled scheme
required for stable explicit computations at least doubles the computing
time . The present scheme could be used with an implicit time-marching
procedure to maintain stability and similar accuracy , but this too can
be achieved o.fl y at the cost of an increase in computing time by a factor
of at least two. In the presence of friction, the destabilizing effect
of the Coriolis terms in an explicit scheme such as that used by Masch
(1969) is suppressed; however, this is accomplished only at the sacrifice
in rendition of the frictional terms . Thus , the omission of the Coriolis
force from a program intended primarily for gulf coast estuaries is moti-
vated primarily for reasons of economy of operation , in respect to surge
calculations .

a. Stability. Numerical stability requires that t~t be taken at
less than the value L~S/ (2gD~~~)½, where Dmax is the maximum depth to
be expected anywhere in the system during the storm surge (Platzman ,
1958).

b. Barrier Algorithm. Equations (9) and (10) are assumed to apply
for values of q~ i %, and t~H at the same time and in the immediate
vicinity of the barrier. In the grid scheme used , howeve r , the flow and
the water level are staggered in rime ; moreover , the water levels like
Hi and H2 represent in effect the spatial average for blocks 1 and 2,
respectively, at a given time rather than local values in the vicinity
of a given barrier, which in the scheaatization are presumed to occur on
lines separating two blocks. As a consequence the above relations can-
not be applied directly. Instead, the evaluation of U or V across
a barrier (if the water level allows such flow) is carried out by a
modified version of the predictive equations (1) and (2), or thei r
numerical counterparts, equations (31) and (32), where f is replaced
by an effective value related to the barrier discharge coefficient so as
to be consistent with equations (9) or (10). The effect is to maintain
proper time ph asing and to consider possible tilt of water level across
the block ; i.e., difference of H at barrier relative to the mean value
for the block .

~pecifica11y, the frictional terms in equation (1) or (2) are takenas ~~~~~~~~~~~~~~~~ where Cb is the barrier discharge coefficient
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(C0 or C5, depending on type of barrier), q~ is the transport per unit
width norma l to the barrier (either U’ or V’ , depending on barrier
orientation), Db is the water depth over the barr ier , and D is a
mean depth for the effective fetch L across the blocks. The gravita-
tional slope term involves the same scale length , L , and mean depth ,
D. The resulting relation for prediction of q~ at a barrier , given
q
~ 

at the previous time step, is:

+ rq~ — F , (38)

where

L(C D
b
)2

F E  b (39)
DAt

and

F g(C~DI~)
2th + I’ (qn + P) , (40)

P being the wind “push” term (XA t or YA t) , and AH a head diffe rential
dependent on barrier type. For steady state (q~ = q

~
) and no wind (P = 0) ,

the above reduces to

q~ 
= ± C.DD.D 

/g~AH~ , (41)

which is consistent with equation (9) or (10) with and AH taken
as C0 and Db or Cs and (H 1 - H2), respectively , depending on the
barrier. The more general relation (eq. 38) provides an added effect of
the wind and of the inertia of the water on the blocks. For a submerged
barr ier , L is taken equal to AS; i.e., from the center of block 1 to
the center of block 2. For an overflow barrier, L is taken as half
this distance since the inertia and wind setup are effective only on the
hi gher of the two blocks.

Thus , Cb ,  L , H , and- % are taken as follows :

Submerged barrier (H1 > Zb and 
~~ 

> Zb)

Cb = C5

~~ :~ + H2)/2]~ 

AH = H~ - H2 

(42)
Overflow barrier (H1 > Zb or H2 > Zb)

Cb CO H1 - Zb (a)

L a AS/2 AH or

= IAH I Zb - H2 (b) , ~~~~~ 

-
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where Zb is the elevation of the barrier crest, relation (a) being for
H1 :b and (b) for H2 > Zb . If Zb exceeds both H1 and 112 , then
q~ = 0. The meaning ful solution of the quadratic equation (38) is

q~ = ± {fJ F J + (r/2)2J ½ - ~/2) ,  (4 3)

where the sign is taken as that of F , as verified from equation (38).

The above relations for barriers differ from that used in Reid and
Bodine (1968) and in the ori ginal SURGE I program . The present barrier
relat ions have a more realistic response when applied to the numerical
simulation of a natural oscillation of a bay having a submerged barrier
across i t .

c. Barrier Specification. Since only certain blocks contain barriers,
they must be identified by I , J location ; specifically, the program
ident i fies the Kth barrier block by location I = IB(K) and J = JB(K) ,
K = 1,2 . . .  KM. A given barrier block potentially has a barrier on the
ri ght and upper side of the block in an x , y plot . These are desi gnated
x and y, respectively ; i.e., an x barrier is one normal to the x-axis
(the flow over it being in the x sense) . For both potential barriers
on a barr ier block , values of Zb, C0, and C5 must be prescribed. A
real barrier is one where Zb is larger than the Z value for either of
the adjoining blocks . A nu l l  barrier is one where Zb equals the larger of
the Z values for the adjoining blocks (thus, in effect , the higher block
is a potential barrier) . The program requires that information pertinent
to both nul l  barriers (Z b , C0, and C5) and real barriers be provided .

d. Vo lume Check. During the recession stage of flood ing when water
is draining off flooded blocks (via the barrier overflow relation) , it is
possible for the volume leaving in one time step as computed from q~At
to exceed the available volume . Therefore, a test is included in the
program such that if this occurs, the flow is adjusted to only drain
the b lock dry (D = 0) , and the flow to adjacent blocks adjusted to be
consistent.

e. Depth Check. When the water depth is very shallow the effect of
the wind is such that a given block could become partial ly dry unless the
flu id is flow ing fast enough for the bottom stress to balance the wind
stress. To avoid anomalous computations for very small D (e.g., in
areas where rainfal l  is occurring over regions above the surge level),
the wind stress is arbitrarily set zero when D is less than 0.1 foot.

2. Channel Algorithm.

a. Channel Specification. As in the case of barriers, those blocks
on which channels occur are identified by the I and J values; for
channel block K these are denoted by ICG(K) and JCG(K)I respectively , 4
where K = 1,2 ... KCM. Also each “channel block” may contain two channels ,
one on the right denoted the x channel and one on the upper side denoted •

the y channel. Each of these channel reaches is characterized by a

H 
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channel width (w) , a channel-bed elevation (Z~ ) ,  and a channel-
friction coefficient (

~ c) •  Figure 5 shows a schematic of a channel
block ind icatin g nomenclature for d imens ions as used in the SURGE II
program. Figure 6 shows the dependent variables pertinent to the
channels as used in the program and stored for the channel block K.
These include the channel flow s, Q, at each end of the channel , one
end designated N, the other P (correspond ing to the negative and
pos iti ve character istic ends of the channel , respectively). Also in-
cl uded is the he ight , H, of the water level at the point in common to
the two channel s for block K (HC(K)) .  The lateral transport (per unit
width  per unit time) nominally to the channel from block K and from
the channel is also ind icated: UCT(K) and UCF(K) , respectively, for the
channel normal to the x-axis , and VCT(K) and VCF(K) , respectively , for
the channel normal to the y-axis. In the formulas in this study, these
are ref erred to as q

~ 
and q~, respectively. Note that IJCF(K) and

VCF(K) correspond to U and V , respectively , on the right and upper
sides of the genera l block flow . Also , the quan tity HP(K) corresponds
to the block (pool) hei ght for the channel block . Values of H at the
“negative” ends of the channels for channel block K are stored as HC
values in adjacent channel blocks to minimize duplication of storage.

b. Computation of Ch annel Variables. The time phasing of block
variables versus channel variables is indicated in Table 1. The H
values occur at common times thus facilitating evaluation of head dif-
feren tials used in determi ning lateral fl ow between channel and adjacen t
blocks .

Table 1. Time phasing of computations
for blocks and channels.

Time Block Channel

t +At II H ,Q

t + A t /2  Q

t H 11 ,Q

t - A t / 2  Q

t - A t  H 
— 

H,Q

For a given channel reach, application of equations (28) and (29)
can be made for two characteristic paths, as shown schematically in
Figure 7. As in the case of the block computations, the friction term
in equation (28) is taken proportional to the product of a new Q and
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Figure 5. Channel b lock , show ing channels and the ir dimensions.
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Fi gure 6. Channel block K at coordinates I = ICG(K) and
J = JCG(K) , showing associated flows and water
level variables .
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Fi gure 7. Characteristic paths on the time-distance
diagram for an individual channel reach .

the absolute val ue of the old Q. Specifically, for the positive char-
acteristic path from A to P’ in Figure 7, equation (28) is approxi-
mated by

- 

~~~~ 
+ WYç~~~ (H~ — H

A
) = - + v’~~~ Aq ] At , (44)

where ~ = (D~ + Dp )12 , T5 is the appropriate wind-stress component
(X or Y) corresponding to t ime level t for the associated channel
block , ~q is the net latera l flow per unit width , and Q is taken as

= f (Q ~ + Q~)/2] ¼ 
- (45)

The subscripts on Q, H , and D desi gnate the points at which these
apply (see Fi g. 7) and primes denote new time level.

After regrouping terms , equation (44) can be written as

Q ,  + (w I~~/G)n’ = 

~~~ 
+ ~ /~~~

H
A
) + (WT + /~~~ Aq) AtJJG , (4€ ~)

wher e

C l~ + . (47)

Si m i l a r l y ,  for the nega t ive  character is t ic  from B to N ’ ,

Q
~ 

— (w4~~~/G)}1~ = 

~~~ 
w/

~~~
H
B) + (WT - J~~~A t ] / G  , (48)

where ~ and C are as defined for the positive characteristic.

The values  of Q and II at points A and B are determined by
interpolation from values at N and P at t ime t , us ing  equation
( 2 9 1  for the path . The distance from A to P or B to N , using
the mean wave speed for the channel at time t is v’gbAt . The interval

N to P is equa l to M. Let

• U ; (49) 
-~ ~~~-



this should always be less than or at most unity for stability of com-
putation . The linearly interpolated values at A and B are then

= a + (1 — a) Q~
(50)

= (1 -a) + (1 Q ,

and similarly for 11A and HB in terms of HN and H,~.

The evaluat ion of Aq is the most sensitive part of the computations
and is discussed in a subsequent section. Presuming Aq is known, the
problem of eva lua t ing  the new Q and H individual ly at the channel-
end points is considered. Note that equations (46) and (48) yield pre-
dictions for linear combinations of Q and H at two di fferent points.
Thus, information from adjoining channels, or other information in the
case of channel end points , is needed to solve for the new channel Q
and 11. For a simple continuous channel without branches and consisting
of a series of reaches of length As but not necessarily of equal width
or depth, then Q and H are readily solved at a common junction , using
the information from the positive characteristic from one channel and the
negative characteristic from the adjoining channel. However, branches do
occur and it is therefore desirable to use a sufficiently general pro-
cedure which will accommodate either branching channels or continuous
channels.

In the scheme chosen for represei~ting channels in SURGE II it is
possible to have four channels merging at a common junction. Figure 8
shows this  junct ion  with  four different volume transports , but w~th a
common H. The designation of the different Q shown in this figure is
that used in the coded program (see App. B); QC for channel transport,
X or Y denoting the channel (not the direction of flow) , and N or P
denoting whether the flow is at the negative or positive end of a given
channel reach . Each is identified by a channel block index K.

For any given channel reach equations (46) and (48) predict , for a
given point , values of the quantities

BP Q’ + A l-I’
(51)

BN E Q’ - AH ’

where

A~~~ w / ~~/G . (52)
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Figure 8. General channel junction , showing
flows and channel identification .
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For simplicity of notation let 1, 2, 3, and 4 denote the me rg ing channels
with 1 being the lower channel , 2 the left channel , 3 the upper
channel ,and 4 the right channel (Fig. 8). Then, with this notation

Qi’ + Al . II’ = BP 1

Q ’ + A2 II’  = BP2
(53)

Q3’ - A 3 II ’ = BN3

Q4 ’ - A4 H’ = BN4

Now , continui ty requires that

Qi’ + Q2’ - Q3’ - Q4’ = 0 (54)

at a common junction. Thus,

(Al + A2 + A3 + A4) H ’ = BP 1 + BP2 - BN3 - BN4 (55)

from which I I ’  can be calculated at the junction . With II’ known , the
values of Ql’ , Q2’, Q3’, and Q4’ are readily evaluated from equation (40).

For those cas es where one or two of the above merging channels do not
ex ist (i.e., null channels) , then their width and A value are zero .
Moreover , the program yields zero for the BP or BN values of any n u l l
channel.  Thus , eq uat i on s (55) and ( 53) can apply for a general junction
consisting of from two to four real merging channels.

c. N et  Lateral  Flow. The net time rate of water accumulation in the
channel per unit length due to lateral exchange with blocks and by rain-
fall is

= qt - qf + wR , (56)

where qt corresponds (if positive) to the flow (per unit length of
channel) from the channel block to the channel (across the “interior”
side of the channel , Fig. 6) and qf (if positive) is the flow (per
unit length of channel)  from the channel to the adjacent block . These
f lows can be posi t ive , negative , or zero . To all ow for channel s wh ich
have w i J t h s  w much sr~il1er  than the block gr id s ize  ~s , and since the
above q values  are comparable to those  t h i c h  exis t  across the s ides  of
b loc k s , the  change i n cha nnel  water level can be vc~y sensitive to the
difference q

~ 
- q~~. h ence , sp ec ia l  can mus t he t aken  in the model to

avoid possible i n s t a b i l i t i e s  caused by improper calculation of these
tran-;vurse flows . However , there is no p a r t i c u l a r  d i f f i c u l t y  w i t h  the
r a i n f a l l  term in equation (56) which is generally at least one order of
magni tude  s m a l l e r  than  that  of the “ n e t ’ l a t e ra l  flow . In a sense , the k
p o t e n t i a l  d i f f i c u l t y  w i t h  the transverse f lows , ~~ and qf’ a r i se s  k
because t h e  At  chose n for s t ab le  ca lcu la t ion  on the blocks  is  usual ly
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too large for s table  calcul at ion for narrow channels , unless the coupling
with blocks exists only in respect to longitudinal flow from the channels
to blocks at end points of s~ ch channels .

On a given side of a channel , bas ically four phys ically distinct sit-
uations can occur: (a) a barrier (levee) or block ground level of suffi-
cient hei ght exi’ts to prevent lateral flow; (b) overflow exists from an
adj acent flooded block into a channel where the water level is less than
the adjacent barrier or ground level; (c) overflow of adj acent barrier
(levee) exists fro m the channel to an adjacen t dry block or one wh ere
the water level is lower than the barrier elevation ; or (d) both the
channel water leve l and the water level on the adjacent block exceed
the height of any intervening barrier and the lateral flow depends on
the di fference of water level. These four situations are illustrated
in Fi gure 9. In the fourth situation , the water level could also be
lower on the channel side with the associated lateral flow reversed.

For situation (a) there is no problem , the appropriate lateral flow
or qf) being constrained to zero value . For situation (c), the

predicti’ve-type barrier relation (eq . 55), with auxiliary relations
(eqs. 39 and 40) , could be used. In principle , the above predictive
barrier relations should apply for situation (b) as well , provided that
L in equation (39) is taken as the channel width w .  However, since
w can be much less than As for many applications , r can be so small
that the relation for q~ reduces virtually to a diagnostic-type rela-
tion of equation (40), or more specif ical ly of equation (9) for barrier
overflow . Since situation (b) might occur on one side of the channe l
and si tuation (c) on the other , and since both should be evaluated by
relations compatible with  a common time leve l , the simple diagnostic
relation (eq. 9) has been adopted for both situations in the SURGE II
program. This, howeve r , still demands special checks and possible
adj ustments , as will be discussed later. Final ly for situation (d), a
submerged barrier-type calculation mi gh t seem appropriate if the depth
ove r such a barrier is smal l compared with  that of the channel or adja-
cent block ; however , use of such relations in prel iminary versions of
the program proved to be very vulnerable to numerical instability . The
reason for this is rel ated to the above discus sion concerning the usual
case where w/As is very small. As a consequence, for situations of
type (d), a special calcula tion is requ ired which treats the channel as
essen tia l ly an integral part of the associated chann el block or the
adjacent block .

As stated above , for overflow si tuations (b) or (c), i.e., to or
from the chann el , the relation , -

q~ 
= ± C0D~ (gD~)½ , (57)

is used where Db = H - Zb ,  H being the water leve i on the high side of
the bar r ie r .  W h i l e  th i s  re la t ion  gives a valid value of qn (qt or qf) at
the time t, the val ue of 1 q~ 

may change si gn i f i can t ly  over the predic-
tion interval At if (g%) i > w fA t .
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Figure 9. Di ffe rent situations along a given side of a channel.
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Under such circums t ances , an approximate pred iction based on the
in i t i a l  values of q

~ 
could lead to physical ly  impossible changes of

channel level. Thus, tests are included in the program to constrain the
lateral flow , such that qt - qf alone will not cause the channel level ,
H~ , to f a l l  below a minimum possible value nor rise above a maximum
possible value , depending on the situation . Six different  situations
requiring tests are illustrated in Figure 10 (the “mirror” version of
each is also a possible situation). Situations where one side of the
channel is blocked are special cases of those indicated.  For si tuations
A , C, and E , ou t flow exceeds inflow and the horizontal  dashline repre-
sents a minimum level based on the sill depth of the channel. On the
other hand , for situat ions B, D, and F , the horizontal dashline repre-
sents a maximum possible level. In each case, the max imum poss ible change
in TMc is indicated as AH~ .

For any of the si tuations i l lus t ra ted in Fi gure 10, the SURGE II pro-
gram compares qt - 

q1
c~ with I wI-I~/A tI . If the latter is exceeded by the

t r ia l  value of 1~~t 
- qfl then an adjus tment is made in qt or qf such

that 
~t - 

~~f I equals I wAH~ / A t I .  For cases A , B , C , and D, both qt and
qf are prorated by a common factor to satisfy the above constraint. For
cases E and F, on ly the overflow q is adjusted to be consistent with
the above constraint.

For situation (d) where the channel and block are connected by a
continuous water surface (Fig. 10), the net lateral flow to the channe l ,
Aq, is taken to be that which would be required to bring HC to a value
equal to the existing mean level, HM, of the connected channel and
block. For a channel connected to a block on one side only then ,

HB • L + .HC W (58)
(L+W)

where FI B is the water elevation on the water-connected block , L is
i ts  width , whi le  [IC and W are the water elevation and w idth for the
channel. The block width L is AS - W if the connected block is the
channel block containing the channel , or is AS for an adjacent water-
connected block . If the channel is water connected on both sides , then
the above relation is replaced by an appropriate average over both blocks
plus the channel.

The Aq for ei ther of these situat ions is taken as

= (104 - HC)w/A t . (59)

To determine the individual q
~ 

and qf on either side of the channel ,
the mean of these is taken to be that which is calculated as the flow
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between b locks , ignoring the presence of the channel (but considering
barriers) . Letting this be denoted q

~ ’ 
then

qt = q~~ + Aq/2
and (60)

qf = - Aq/2

Th is system of calculation leads to stabl e resul ts.

d. Channel End-Point Computations. At the end point of a given
ch annel system , special computations are required. Two types of end
conditions are used : an “H-end condition” is used where a channel dis-
charges into a lake, bay , or sea , in which case the channe l H value at
the end point is taken equal to the H of the adjacent channel block
into which the channel discharges (or vice versa) ; a “Q-end condition”
is used at the head of a channel or river at which point the discharge
is specified.

For a Q-end point

Q’ = ± Q
~

II’  = (Q’ — B ) / X  , (61)

where Q~. is the specified river discharge (taken as zero if not speci-
fied) ; B equals BP or -BN , as defined by equation (51) , for end
points occurring at the positive or negative end of the channel reach ,
respectively , and A is as defined in equation (52). The sign of Q’
is taken such that Q’ is directed into the ch annel , depending on the
channel-end orientation . There are four possible orientations (see App .
B, Fig. B-3).

The H-end points also have four possible configurations ; these are
depicted along with the associated adjacent “pend ing” areas (i.e., a
b lock with Z < 0) in Figure 11. For an H-end point neither the longi-
tudinal flow to or from the channel nor the H at the junction with the
pond ing block is specified a p ri or~i. It is required only that the pre-
dicted H at the channel-end point and that of the ponding block be the
same. Let H* be the (tentative) predicted H for the ponding block
in the absence of any con tribution by lon gitudinal discharge to or from
the channel which terminates adjacent to that block. Thus, IP~ corre-
sponds to the H resulting from the routine block calculation using
equation (33) with appropriate adjustments for contained channels as
mi ght  occur for situations 3 and 4 shown in Figure 11. These adj ust ments
are discussed in a subsequent subsection . The correct predicted H for
the ponding block in the presence of longi tudinal discharge from a
channel is given by

H ’ = H* + (Q~~
+ Qd)At/2~ 

, (62)

- -i-- 
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Figure 11. Possible end-point configurations and index
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where Q,~ and 
~d 

are the new and previous values , respectively, of
the discharge from channel to pond ing block , and Ab is the effective
surface area of the block . For situations 1 and 2 in Figure 11,

(A s) 2, but for situations 3 and 4 a channel mi ght exist on the
ponding block in which case = (As w)As.

Equation (62) invo lves two unknowns H ’ and Q,~ 
. However, for the

channel ,

Q~~+ AH’ = B  , (63)

where B = - BN for end-point type 1 or 2 and B = BP for end-point
type 3 or 4 , BN , BP and A being those quantities defined by equations
(46) to (52). Note that for end-point type 1 or 2, Q~ is the negative
of the QC value for the channel.

The resulting H’ and Q~ 
for an “H-end” condition are

H ’ = (F + BAt/2Ab)/ ( l  + AA t/2Ab ) (64)

Q’ = (B - AF) / ( 1  *. AAt/2Ab) , (65)

where

F H + QdAt/2A .b . (66)

e. Calculation of H on Channel Blocks. For blocks with D > 0
and containing one or two channel reaches , the prediction relation for
H given by equation (33) is not valid. The correct relation for a
channel block k having location i , j  is

H’(i,j) = II(i ,j) + [U’(lj) — UCT’(k)]At/(As — vx)

+ (V ’(i ,j) — VCT’(k)JAt/(As—wy) (67)

where UCT and VCT are as shown in Figure 6 and correspond to the q~
discussed previously. If only one channel exists (i.e., if wx or wy
is zero) , then

UCT’(k) = U’(i + l,j)  if wx = 0
or

VCT’(k) = V’(i,j + 1) if Wy = 0 .

IV. APPLICATION TO THE SABINE-CALCASIEU SYSTEM

1. Adopted Grid and Simulated Topography.

The Sabine-Calcasieu system geographically bridges the Texas-Louisiana
border and is physically linked by a system of manmade channels and a low- ••

ly ing region extending 25 miles between Sabine Lake and Lake Calcasieu.
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A local chart of the region is shown in Figure 12. The rectangular
border indicates the reg ion included in the n umerical analog. The
selection of the size of this rectangle is dictated by the basic hydro-
dynamic features required to adequately represent the region and then
the logistical and economic limitations placed on the computations by
the availability of computer storage. The region selected is 56 x 40
nautical miles . The grid size (DELX) is taken as 2 nautical miles , so
that IM =28 and JM = 20.

Figure 13 is a contoured plot of the schematized topography super-
imposed on the selected grid system. The offshore topography is regular
with  the exception of a shallow region adj acent to Sabine Pas s and a
slight ethayment lying between Sabine Pass and the outlet from Lake
Calcasieu ~t Cameron. Both lakes are adequately represented by the grid
interval c f  2 nautical miles . Fi gure 14 clearly delineates three hi gh
topographic areas in the numerical model: the Beaumont rise in the
northwest , the Orange rise , and a more gradual rise northeastward to the
Lake Charles area. The low-lying region between the lakes, immediately
behind the shoreline barrier , and fo rward of the rises , forms a large
ponding area during the inundation sequences . Between each rise a major
channe l is present , the Neches River , the Sabine River , and in the Lake
Charles region , the Calcasieu River runs northeastward from Lake Calcasieu .

The deepest block in the system is -24 feet (?‘ISL). Assuming a 10-
foot surge , a value of DELT equal to or less than 260 seconds (Sec . I I I ,
1 , b) i s  required . The va lue  chosen for DELI is 240 seconds.

2. Channel and Barrier Schematizatj on.

The numerical discretization of the are a shown in Fi gure 12 is given
as an overlay in Figure 15. In this illustration the channel network
(shown by full lines) shows the landward interconnection of Sabine and
Calcasieu as well as the link with the Intracoastal Waterway as the
lower lef t - and r ight-hand channels.  Each channel segment has been
provided the ph ysical  characteristics of width and cross-sectional area
that best reproduce the pertinent information for the channel reach that
was provided by the Corps of Eng ineers. The extent of the channel system
was chosen on the basis of past inundation history and the judgment of
the authors.

The barrier system , also show n in Fi gure 15 , represents the maj or
manmade and natural obstructions to flow above 1.~ L. At the shoreline
the major dune line is continuous with the exception of an apparent open
area east of Sabine Pass. The block elevation of that area equals the
adj acen t barrier hei ghts. Jetties are included at each of the openings
to the Gulf of Mexico. Wi th in  the region the majority of barriers are
manmade levees erected for protection . The heights of all barriers were
chosen on the basis of data provided by the Corps of Engineers .

Appendix 0 has a listing of all data used for the Sabine-Calcasieu
region in the s imulat ion of the Hurricane Carla surge. The topography ,
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Fi gure 13. Topography contours at 5-foot intervals for
Sabine-Calcasieu region (broad uncontoured area
bet w een Lakes Sabi ne an d Ca lcas i e u has ele vati ons
between 0 and 5 f ee t ) .
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harrier da t i . and channel data are the same for the a s t r o t i d e  s i m u l a t i o n s
and the standard p r o i c ct  s torms . There arc ~) l ba r r i e r  b locks  and 121
channel blocks  of wh i c h  53 are common to h a r r i e r  b l o c k s .  l i x a mp les o f n u l l
channel  b locks  a re for K = 4 , 6 , 18 , 21 , 2-1 , e t c . . a t o t a l  of 19.

Appe n dix  E show s a p l ot  of the block topography with the channel  and
barrie rs superimposed . This p lot is g i ven on two pages ; x (or I)  runs
from le f t  to ri ght and y (or J) runs from bot tom to the top of the
~a~ e (I  values ~rc i nd ica ted  along the top of both pages and J along
t h e  l e f t  side of th e  f i r s t page) . Also  in Appendix E is a l i s t i ng  of
the key a r r ay s  for channels  as generated by the program . Note  tha t  the
f i nal array si:e for channe l s  is 128 (KC ~~ ) ,  there  bei ng 6 channels which
te rminat e on the boundary of the gr id.

•\s an i l l u s t r a t i o n  of bar r ie r  input note from Appendix E that  for
bl ock ( 2 , 2 )  a y barrier exists , but not an x barr ier .  The bed eleva-
t ion of b lock  (2 , 2) i s -10 feet while  that  of block (3 , 2) is —13 feet .
Th us , a value of :X of -10 feet should have been input for th is  block .
The l i s t i ng of the bar r i e r  input data in Appendix U g ives the information
fo r block (2 ,2) at K = 12 wi th  :x = — 100 ( tenths  of feet)  which checks .
The actual ba rr ier  on the upper side indicates a positive 6 fee t .  How-
ever , barrier block K = 13 at the adjacent block (3,2) shows a X
value of -12 feet. Reference to the topography in Anpendix E indicates
that this is the elevation of adjoining block (4,2) which is hi gher than
block (3 , 2) and hence is the correct entry.

For an i l l u s t r a t i o n  of the sign coding concerning barriers along
channels , re fer  to the channel input  data in Appendi x U and the plot  in
Appendix  E .  Channel  block K = 1 located at (8,1) shows a negat ive
IWCX and a negat ive  IZCX which is the coding for  double le vees of
equal height with the channel in between . This is the locat ion of the
double  j e t t y  entrance channel for the Sabine reg ion.  Channel block S at
location (7,4) shows a (+ ,-) si gnat ure for the x channel and a (+ ,+)
signature for the ‘

~ 
channe l .  Hence , the barrier for the x channel is

on the inner  l a t e ra l  bounda ry whi le  th at for the y channel is on t i ’
outer lateral boundary (see App . C,6). Reference to Appendix E key
array listings shows KCB = 37 for channel block 5. Barrier block 37
has the sa me locat ion (7 , 4) and indicates val id barriers of a 5-foot
e leva t ion  above MSL for both the  x and y channels.

3. River Input and Ilydrograph Gage Locations.

There are three ri ver discharge locations provide d for the Sabine-
Calcasicu region . These locations , as given in block 9 of the input
(App. U), are (28,15), (4,19), and (14,19) which are respectively for
the  C a l c a s i e u  Rive r near Lak e Charles , the Neches River north of Beau-
mont , and the Sabine River north of Orange.

N i n e  gage l o c a t i o n s  for the ast rot ide calibration and Hurricane
Carla simulation are shown as small circles in Figure 16. All of these
w i t h  the exception of the N o r l h Sabine Lake gage are located on channels.
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V. TIDAL CALIBRATION

1. Tide Data.

The tidal cal ibration is a required step in the preparation of the
n umerical storm surge model.  These computations permit the adjustment
of the parameters representing the fr ict ional  effects  in the channels
and low-lying regions of tidal inundation . The calibration adjusts the
t idal  f lows in order to adequately predict proper phasing and tidal
excursions in the mode l reg ion . Comparisons are made wi th  actual tide
records from geographical locations corresponding to blocks or channels
in the grid.

Calibration of the Sabine-Calcasieu reg ion was carried out for the
springtide conditions that existed from 0000 hours, 22 August to 0000
hours , 27 August 1973. Tide recordings at nine locations in the region
were furnished by two U.S. Army Engineer Districts (Fig. 16): Sabine
Pass (southwest jetty), Port Ar thur , north Sab ine Lake , Brakes Bayou
(Beaumont), and Orange , Texas , provided by the Galveston District; Cameron ,
Hackberry , Calcasieu Lock , and Lake Char les, Louisiana, provided by the
New Orleans District.

The tidal calibration must be accomplished during a period when the
tide is effectively the only forcing function operating on the system.
This requires no abnormal riverfiows into the region and winds which will
not substantially alter the slope of the water surfaces. Such conditions
existed for the first 96 hours of the 120-hour record period and this
interval was used in the tidal calibration.

2. Estimation of 
~~ 

for Entrance Channels.

Many of the bays or lagoons alon g the Texas coast are of such dimen-
sions that their l argest natural period is small compared with the tide
period. Moreover, virtually all have narrow connections with the Gulf
of Mexico. These two features conspire to produce a reduction of tidal
range and a significan t lag within the bay compared with the gulf tide.
in addition , the tidal range is nearly uniform throughout the bay except
possibly in some of the upper reaches of adjoining rivers. For these
systems , the approximate response can be calculated in terms of the
channel-friction coefficient , 

~~ 
(or discharge coefficient) plus

appropri ate dimensions of the bay and entrance channel (Love, 1959)
These relations can be used to get at least a prelimina ry estimate of

~ 
from the observed response.

Consider a hay of total MSL surface area, As, which is connected to
the sea by a channe l of cross-sectional area Ac, surface width W ,
effective depth Dc (defined as Ac/W), length Lc, and channel-bed
friction coefficient 

~~
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Let H be the volumetric response in the bay at time t (where
11 A represents the impounded t idal  volume above MSL at time t); let
Q be the tidal flux from the sea to the bay . Then,

A 4 ~~= Q  . (68)

Neglecting the inertia effects in the channel for the slow tidal variation ,
the slop e forc e in the channel is balanced by friction at any time t ;
thus ,

- H = mIQ !Q (69)

wh ere Hg is the given tide level at time t outside the bay entrance
and m is a dimensional constant for the system given by

fL
gDA 2 (70)

This can also be written in the form ,

1za =

whexe Cd is the discharge coefficient characterizing the constricted
opening between bay and sea.

Assuming the input tide H~ is s imple  harmonic with period I and
amplitude a0 then ,

Fig 
= a0 cos ut (71)

where w = 2v/T. Ignoring the second-order comp oun d tide due to non-
l inear i ty  in equation (69) , the response wi l l  be roughly of the form ,

U = ra0 cos (wt-4), (72)

where ~ is a phase lag and r is the relative amplitude response. If
these are substituted into equations (68) and (69) and the quant i ty  !Q I Q
expanded in the Fourier series form , it can be shown that

r = c o s~~ (7 3)
and

sin + 1  ( 74)
where 

8B — m(A w)2 s.~, (75)3ii s
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(L ove , 1959). A plot of r and ~ versus the dimensionless parameter
B is shown in Figure 17. The timelag of the hi gh tide in the bay rela-
tive to that outside the bay is simply T = ~/2ir , for ~ in radians
(or I = 4/360 for 4 in degrees).

Thus, if r or $ is est imated from observations it is possible to
get an estimate of B. Generally, the value obtained from the observed
r will differ from that obtained from the observed ~; in this  event
an average of the values of B can be used to estimate 

~ 
In terms

of B , 
~c 

is given by

3~ gB
= T a2A2w2a ‘ (76)

where
L

(77)
D A2

C e

It is emphas i zed that the above analysis pertains to a bay system
connected to the sea by a single channel of uniform dimensions. The
results can be generalized for the case of a series of N channels of
d i f fe ren t  dimensions or of N channels  in paral le l  or combination of
both (as in the Sab ine-Calcasieu system) by using an effective value
of a2

Let a~ designate the value of a2 for an individual channel as
evaluated by equation (77). Then, the effective value of cz2 for a
series of N channels is simply

N

~ cz~~~~. (7 8)
n= 1

h owever , for N ch annels in paral le l  the effect ive  a2 is g iven by

1!
For a series conta in ing  a para l le l  subset , the effective a2, for

the latter is used in  equation (78) . I f  two or more complex entrance
channels are in parallel then the effective values of a are used in
place of a~ in equation (79).

The ~se of this procedure will be i l l u s t r a t e d  for the Sabine-Calcasieu
system. In the numerical  simul ation scheme there is a total of 40 blocks
of 2 x 2 nautical miles covere d wi th  water and in communication with the
sea. This represents a surface area of 5.91 x l0~ square feet. In addi- --tion , the channels contribute a total of 0.64 x square feet. Thus,
the total surface area for the combined system is As = 6.55 x square
feet (3.77 x lO~ square feet for the Sabine part and 2.78 * 10~ square
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feet for the Calcasieu part) . The two parts of the system are coupled
via the Intracoastal Waterway and their responses are about the same,
so the combined system is treated as one.

A summary of data and calculations pertinent to the entrance channels
for the Sahine—Calcasieu system is given in Table 2 (see also Fig. 15 and
App. D). The simulated Sabine Pass between the gulf and Lake Sabine con-
sists of two sections (1 and 2 in Table 2) of d i f ferent  dimensions in
ser ies. However , Calcasieu Pass consists of a pair of parallel  channels
(4 and 5 in Table 2) in series with a simple channel (3 in Table 2). The
individual a2 for each channel is also shown in Table 2. The effective
-i ’ for Sabine Pass is the f i rs t  partial  sum shown in the last column . The
effective value of a2 for the parallel  part of Calcas ieu Pass is shown
in the last column , opposite entries 4 and 5. The effective value for
Calcasieu Pass is the partial sum indicated in the last column. The
eff ective value for the entire pass sys tem is evaluated from the Sab ine
Pass and Calcasieu Pass values, using equation (79) for parallel systems :

= 0.32 x l0 6 (square feet)~~

Table 2. Data on simulated Sabine Pass and Calcasieu Pass.
i~ ( Wc Dc A

~ 
Lc a2 x 106 a2 x 106

L(f t ) (f t) (f t2) (f t) 
- 

(ft 2) (f t 2)

Sabine Pass
1 2,330 20 46,600 24,360 0.561 0.561
2 2 ,860 21 60,060 36,480 0.482 0.482

Subtotal 1.043

Calcasieu Pass
3 800 32 25,600 24,360 1.162 1.162
4 500 40 20 ,000 12 , 160 0.760 0.455 1
5 1,000 16 16 ,000 34,480 8.960

Subtotal 1.617

‘Evaluated by parallel channel relation.

The observed ranges and times of minimum tide for 25 August 1973 for
the Sabine-Calcasieu system are given in Table 3. Gage 1 is used as the
input gulf tide. The average of all other gages is used as the response.
The indicated amplitude response is

r 
~ 

— 0.58 .

Using a tidal period of 25 hours the indicated phase lag is

360 ~~~~~~~• — (20.8 — 17.5) -
~~~~~
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1-
Tab l e 3. Ranges and time s ( c . d .t ~ of available observed

tides in the Sabine-Calcasieu system for 25
__________ August 1973. ________ ________

Gage No. Place Range Time
(ft) (hr)

I 
- 

Sabine Pass, southwest jetty 2.59 17.5

2 Port Arthur 1.53 19.0
3 North Sabine Lake 1.40 21.5
4 Beaumont 1.52 21.5
5 Orange 1.40 23.0

6 Cameron 2.05 17.5
7 Hackberry 

- 1.06 22.0
8 Calcasieu Lock, west 1.45 20.5
9 Lake Charles l .6~) 21.5

Avera~ge of 2 to 9, inclusive 
- - - 1.50 20.8

From Figure 17 the corresponding values of B are 4.7 and 3.6, respec-
tively, with an average of 4.1. The tidal frequency is

25 x 3,600 7.0 >~ i0~~ radians per second

and a0 = 2.57/2 or 1.3 feet. Consequently , the estimated 
~c 

for the
entrance channels is from equation (76) : 

~c = 0.0018.

The final selected value of fc for the entrance channels is 0.0015
as determined by trial runs. This is somewhat less than the above esti-
mate. The difference mi ght be accounted for by the fact that the tidal
hydrograph is not really simple harmonic but contains compound tides (of
hi gher frequency) giving the sharp minimum and broad or double-peaked
maxima. The effective frequency is consequently somewhat greater than
the w given above , thus y ield ing a smaller 

~c 
closer to 0.0015.

3. Final Calibration for Tide.

The major control on the response of the bay to the tides are the
dimensions and friction factor for the entrance channels as discussed
above. In this connection , it should be pointed out that  channel dimen-
sions (width and depth) were taken such that  the average cross-sectional
area (under P.tL conditions) for a given reach is represented by the pro-
duct of these dimensions . Thus, i f  the depth is taken as the mean for
the reach , then the width will be somewhere between the width of the
dre dged channel and the surface width of the na tura l  channel .

The values of channel friction for the remaining channels and of the
b lock fr iction were selec ted by a trial-and-error procedure , starting .~ 

-
• - w i t h  a un i form value throughout . The f ina l  value s of channel f r ic t ion  - -

for the upper reaches of the Neches and Sabinc Rivers were taken as
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0.0025 to give a reasonable agreement for the Beaumont and Oran ge tide
response; it was necessary to use a low value (0 .0005) for the upper
reach of the Calcasieu River to reproduce the Lake Charles tidal hydro-
graph. The latter three gages (Beaumont, Orange , and Lake Charles) have
connections to the inner bay areas only via channels , hence their re-
sponses are fairly sensitive to the channel friction . The low value for
the Calcasieu River may be due to underestimates of the effective channel
widths , which would demand a less than normal friction factor.

The block friction for the tide calculations was taken as 0.0015 to
get a reasonable agreement for the north Sabine Lake gage . Howeve r ,
later calculations for the Hurricane Carla simulation (which is more
sensitive to block friction than the astrotide) indicated that 0.0025
(as used in the Galveston Bay simulat ions) was more appropriate.

The results of the final astronomical tide simulations for a 96-hour
period starting 0000 hours c.d.t., 22 August 1973, are given in Figures
18 to 26, arid Appendix F. The input tide (Fig. 18) corresponds to the
observed tide for the period at Sabine Pass (southwest jetty). In the
subsequent eight figures the compute4 (full line) and observed (l ine
with circles) are compare d for the eight different gages within the
system; the gages are identified in the figures . Note that the observed
values for each gage have been adjusted with respect to a local datum,
taken as the gage mean for a 120-hour period starting 0000 hours c.d.t.,
22 August 1973. In all cases , the computed ranges are in fairly good
agreement with the observed; however, there seems to be a consistent
tendency for the computed to lag the observed. This might be due to a
possible time-shift error for the input gage. Although a lowering of the
f r i c t iona l  coeffici ent for the entrance channel would decrease the lag
with in the system, it would also increase the range of the tide every-
where in the system. It was felt that it was more important to reproduce
the range than the t imes of hi gh and low water , and hence the value of

= 0.0015 for the entrance channels was retained.

For the upper Calcasieu River (Figs. 25 and 26) the computed water
level (which refers to a common MSL dat mi for the system) and the observed
water leve l display an apparen t vertical shif t . Th is could be related to
possible wind effects in the second part of the record , which have been
ignored in the computations.

The steady river discharges adopted in the astrotide runs were 800
cubic feet per s~-cond for Calcasieu River , 1, 100 cubic feet per second
for Neches River , and 1,500 cubic feet per second for Sabine River.

Serial listings of the computed water levels at the gages discussed
above are g iven in Append ix F , along with listings of volume transport
at six channel positions. Flow at points 1 and 2 correspond to input
(if positive) to the system throug h Sabi n c P ass and Calc asic u P as s ,
respectively. Since the tide amplitude is less than the  seaward barriers ,
the two passes represent the only  source of water  for normal condi t ions .
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Reproductions of channel output at three different times (30, 60, and
90 hours from start) are shown in Appendix F. The output shows flows
(in cubic feet per second), direction of flow , and water level along the
various channel reaches at the specified times.

VI . HURRICANE CARLA VERIFICATION

1. Forc ing Function Input.

a. Wind-Stress Fields. The x and y components of the wind stress
for each 3 hours in a 72-hour period for an 8 by 6 coarse grid for Hurri-
cane Carl a are given in the input listings in Appendix D. For convenience
in spotting possible errors in input, the wind-stress vectors were plotted ,
based on the above input , by a special subprogram. Samples of these plots
for each 12 hours. are shown in Figures 27 to 32. The plots showed sus—
pect entries , which were subsequently corrected before any run s were
attempted , and have I increasing upward and J increasing to the left ;
i.e., the seaward boundary is on the right.

b. River Discharge Input. The river discharges for the Calcasieu
River , Nethes River , and Sabine River for each 3 hours are listed as
block (IDENT) 12 in Appendix D.

c. Gulf Hydrograph Inp .~~~ The final input for HG , the water leve l
input along the seaward boundary, was taken as interpolated values between
Sabine Pass and Calcasieu Pass with input sequences at those passes adjust-
ed to match the observed values at the Sabine Pass U.S. Coast Guard Station
and Cameron after some modificat ion due to flow through these passes. The
input is given sequentially at 3-hour intervals along with the wind-field
input in Appendix D.

2. Further Adjustments and Results.

a. Adjustments. In the series of runs for the Hurricane Carla simula-
tion , it was necessary to make some adjustments in the block topography,
particularly in the upper reaches of the Neches River, in order to provide
more ponding area at the levels of flooding encountered. These changes,
which are reflected in the final topography (App. D), do not change
the results of the astronomical tide calibration because the changes were
at levels well above those encountered with the astrotide runs.

A further modification was the reduction of the wind-stress values to
80 percent of those shown in the listings and in the vector plots for the
upper lef t -han d region of the grid. Specifical ly for I.LE.3 and J.GE.4,
the wind-stress con~ onents were so reduced in the f inal  runs for Hurricane
Carla. This reduction was also used in the later application for Standard
Project Hurricane (SPH) simulations. The rationale for this adjustment is
based on the greater sheltering in this region due to both topography and
vegetation . The initial II for all locations in the bay was taken as
3.2 feet.
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Fi gure .~7. Wind-strc -s vectors for Hurrican e Carla , over
Sah i n e - ( a l c a s i e u  reg ion on an 8-naut i cal m i l e
grid; time = 12 hours .
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Figure 29. Wind-stress vectors for Hurricane Carla , over
Sabine-Calcasicu region on an 8-nautical mile
grid; time = 36 hours .
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Fi gure 30. Wind-stress vectors for Hurricane Carla , over
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grid; time = 48 hours.
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Fi gure 31. Wind-stress vectors for Hurricane Carla , over
Sabine-Calcasieu region on an 8-nautical mile
grid; time 54 hours .
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b. Results. The results of the Hurricane Carla simul at ion are given
in Fi gures 33 to 41, and Appendix G. The input (observed) hydrograph for
Sabine Pass is shown in Figure 33 for a 72-hour period starting at 0000
hours c.s.t ., 10 September 1961. These results are based on a block
f r i ction fac tor  of 0.0010 .

The computed and observed values (where avai l able) at gages 2 to 9
arc shown in Fi gures 34 to 4 1. The p r inc i pal discrepancy occurs at Beau-
mont where  the computed peak surge exceeds the peak observed value by
about 0.8 foot . It was found later that by increasing the block friction
to 0.0025, this difference was reduced to 0.4 foot without materiall y
changing the results at other key locations in the system.

The auxiliary sample output for the simulated Hurricane Carla run
(A pp. G) g ives , in addition to the serial listings of the above hydro-
graphs and flow at the two main passes , sample listings of channe l out-
put at elapsed times of 30 and 60 hours .

VII. STANDARD PROJECT HURRICANE (SPE!)

1. LR-ST Storm Data.

The large radius , slow translation (LR—ST) storm was utilized as an
atmospheric forcing function for the veri fied model of the Sabine-Calcasieu
system. The storm parameters were extracted from the pertinent gul f coast
-~e~~t ion of the Nat ional Hurricane Research Project Report No. 33 (Graham
and Nun n , 1959). Table 4 lists these values which were also used in con-
junction with the analytic storm representation given by Jelesnianski
( 1965) .

Table 4 . Atmospheric parameters  for the large radius , s lo w
t r a n s l a t i o n  (ST) and mediu m t r a n s l a t i o n  (HI) storms.

Parameters ST storm 
— 

MT storm
Radius to maximum winds 27 r~mi 27 nnii

~Iaximum windspeed 100 mi/h 100 mi/h

Central pressure 27.55 in 27.55 in

Wind-s t r e s s  vector plots  have been prepared beg inn ing  at t = 30 hours
and at 10-hour increments to t = 80 hours (Figs. 42 to 47). The storm
tra ck , which is taken normal to the genera l shoreline , has the Sabine-
C a l c a s i e u system on the ri gh t -hand  side of the storm approaching the
coa-~t l i ne .  Landfa l l  of the storm center is close to  g r i d  block 1, 1.
The o r ien ta t ion  of these plots relat ive to the topography is s imi l ar to
the wind f i e ld s  shown for the Hurricane Car la  ve r i f i c a t i on . The gul f
hydrographic input , provided by the Galveston Dis t r i c t , was developed
by an app l i ca t ion  of a one-dimensional  bathys t rophic model (Marinas and
Woodward , 1968; Bodirse , 1971) . A tidal componen t has been added to t h i s
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Fi gure 33. Hydrograph at Sabine Pass, southwest jetty for
Hurricane Carla.
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Figure 34. llydrographs at Sabine Pass , U.S. Coast Guard Station for
Ilurri cane La n a  ( FK = 0 .0 ( 1 10)
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Fi gure 35. ilydrograph at Port Archur for h urricane Carla (FK 0.0010).
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Fi gure 36. Ilydrograph at north Sabine Lake for
Hurricane Carla (FK = 0 .0010) .
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Figure 37. hlydrograp hs at Beaumont , Neches Rive r , an d B rakes Ba y ou fo r
Hurricane Carla (FK = 0 .0010) .
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Figure 38. Hydrographs at Orange Naval Station , Sabine River for
Hurricane Carla (FK — 0.0010) .
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Figure 39. hlydrogr aph at west end of Intracoastal I~aterway forh u r r icane Carla (FK = 0.00 10) .
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Figure 40. Hyd rographs at Cameron , Calcas ieu Pass for Hurrican e Carla
(FK = 0.0010).
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Figure -11 . Hydrograph at Lake Charles for Hurricane Carla
(FK = 0.0010 ).
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Figure 42. Wind-stress vectors for 5011 large rad ius , slow
translation (LR-ST) on an 8-nautical mile grid;
time = 30 hours .
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Figure 43. Wind-stress vectors for SPH large radius , slow
tnanslation (LR-ST) on an 8-nautical mile grid;
time = 40 hours .
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Fi gure 45. Wind-s t ress  vectors for SPH large radius , slow
transl ation (LR-ST) on an 8-nautical mile grid;
time = 60 hours .
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Fi gure -16. Wind-stress vector- , for SPII large radius , slow
translation (LR-ST) on an 8-nautical mile grid;
time = 70 hours .
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open-coast surge . A total rainfall of 16 inches in 24 hours is included
as input . The results are l,ased on a block friction factor of 0.0010
and are there fore tentative .

2. LR-ST Storm Results.

Nine simulated hydrographs arc presented in Fi gures 48 to 56. The
hydrograph locations are selected to coincid e- with the locations of the
Hurrican e Carla graphs and are shown on the base map in Fi gure 16. The
maximum ~— a ter leve l excurs i on in these graphs is nearly 19 feet and
occurs at the Beaumont gage (Fig. 52) at approximately t = 80 hours .
The h i ghest  e le vat ion at  Sah ine  Pass , southwest j e t t y  (Fi g. 48) is  13
f~-~ t and occu rs at t = 77 hours . The Port Arthur surge crests  (Fi g. 52)
at s l i gh t l y g r e a t e r  than 14 feet shor t ly  a f t e r  h ig h wate r  is reached on
the open coast. The gage at north Sabine Lake (Fig. 51) reaches a maxi-
mum of 15.3 feet wh ich coincides with Port Arthur. The surge at Beau-
mont develops continuously from the 7-foot level at t = 66 hours to a
maximum at 80 hou rs in direct correlation with the sur ge cha racte r at
the coastline. However, the 7-foot leve l is reached at the coast approx-
imately 6 hours before Beaumont. At the Orange Naval Station (Fig. 53)
the surge development appears more monotonic with a steady climb from
t = 54 hours to the peak surge of nearly 16 feet shortly before the
Beaumont peak . The recession stage at Sahine Pas s occurs quickly w i t h
passage of the storm , and the open-coast water leve l has returned to
normal leve l by t = 90 hours .

Drainage inlan d slowly reduces water levels and , at t = 90 ho urs ,
Port Arthur and north Sabine Lak e have water elevat ions of approximately
10 feet. Farther inland , the water elevation at Beaumont and Orange
stands at 13 feet .  The system continues to drain over the next 10 hours
of prototy~ c computation but slows cons iderably since the runoff reaches
peak rate at the end of the run .

Recalculations at the Galveston District , using a block friction of
0.0025 which imp roved the Hurricane Carla simulation , indicat ed signifi-
cant reductions in the peak surges for the LR-ST storm (Table 5). The
greatest reduction is for Beaumont , as in the case of Hurricane Carla;
howeve r , the amount of reduction is disproportionately greater than
th at seen for h urricane Carla.

Table 5. Comparison of peak surges for the LR-ST storm ,

— 
using two different block friction factors .

I )( -iti on 
— 

Surges (ft above ~~L)
FK = 0.0010 FK = 0.0025

Port Arthur 14.3 14.1 I

Beau mont 18.7 17.1
Oran ge Nava l Sta t ion 15.9 15.2
Lake Charles 14.1 13.9
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Figure 48. Hydrograph for SPU, LR-ST at Sabine Pass,
southwest jetty (FIC = 0.0010).

I

95

~

r7f’ 
- 

.~~— 
— —--  ________  _________



p

‘9

II

‘7

Is DATLRI- P151

II’

12

‘I

ID

p I I I I -I- I I I I I I I t I I I~—

-I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ELAPSED TI tIE (HRS.) —

Figure 49. Hydrograph for SPH, LR-ST at Sabine Pass, U.S.
Coast Guard Station (FK 0.0010).
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Figure 50. Hydrograph for SPH, LR-ST at Port Arthur (FK =

0.00 10).
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Figure 51. Hydrograph for SPH, LR-ST at north Sabine Lake
(FK a 0.0010).
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Figure 52. Hydrograph for SPH, LR-ST at Beaumont, Neches
River , and Brakes Bayou.
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Figure 53. Hydrograph for SPH, LR-ST at Orange Naval
Station, Sabine River (FK - 0.0010).
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Figure 54. Hydrograp i for SPH, LR-ST at west end of Intra-
coastal Waterway (FK = 0.0010).
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Figure 55. Hydrograph for SPII LR-ST at Cameron, Calcasieu
Pass (FK a 0.0010).
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Figure 56. Hydrograph for SPH, LR-ST at Lake Charles,
Calcasieu River (FK a 0.0010).
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3. LR-I~.ff Storm Data.

The large radius , medium translation (LR—MT) storm has identical
characteristics to the LR-ST storm with the exception of a hi gher trans-
lation speed of 11 knots. Wind vector plots from t 15 hours to t = 40
hours are shown at 5-hour increments in Figures 57 to 62. The storm
track is identical to that of the LR-ST storm. The gulf hydrographic
input was derived by one-dimensional , bathystrophic analysis and pro-
vided by the Galveston Distri ct. Runs were made both with and without
rain f a l l .  Again , the results given graphically below are the tentative
results based on FK = 0.00 10.

4. LR-~’ff Storm Results.

The more rapid movement of the storm center across the Sabine-
Calcas ieu system yielded generally smaller water level excursions in-
side the bay system in comparison with the LR-ST storm. Hydrographs at
the established prototype locations are shown in Figures 63 to 71 for
the computer run with rainfall (16 inches) and without rainfall. Note
that direct comparison between the LR-ST results and LR-~ff results
should be made on the basis of Figures 48 to 56 and 63 to 71, respec-
tively . All of the SPH runs use an initial water level of about 2.5
feet in the bay system.

A summary of the peak values and relative times of water level at
seven locations for the three different SPH runs is given in Table 6.
Al tho ugh the absolute values of the water levels depend on the value
of FK (as discussed in previous sections), all results in Table 6 are
based on the same FK and hence the difference between values is not
too sensitive to FK.

Table 6. Con]parison of peak surge and tilDe of peak surge, showing effects of translational
speed of storm and rainfall (Ps 0.0010 for all three cases).

Slow speed Mediuis speed
Location With rainfall With rainfall Without rainfall

(ft above ~~L) (tilDe
1) (ft above t6L) (time) (ft above 1~tSL) (time)

Sabine Pass entrance 13.0 0 14.9 0 14.9 0

Port Arthur 14.3 2 13.2 2 12.5 2

North Sabina Lake 15.3 1 15.3 1 14.7 1

Beaumont 18.7 4 15.1 S 11.5 6

Orange Naval Station 15.9 4 14.5 5 11.7 6

Cameron 11.3 1 11.0 1 10.8 1

Lat e tharles 14.1 6 14.2 6 13.2 6
1Nearest hour after that of Sabin e Pas s entrance.

Conq arison of the first and second sEts  of peak levels in Tab le 6
indicates a reduced response at nearly all stations within the Sabine-
Calcasie u system with an incre ase in the translational speed of the
storm , in spite of the increased surge at the shoreline (Sabine Pass
entrance) . A reduction in volume response within the system is expected
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Fi gure 57. Wind- s t r e s s  vectors for SPII large radius , mediu m
t r a n s l a t i o n  (LR- ~1r) on an 8 -nau t i ca l  mi i i’ g r i d ;
time = 15 hours .
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Fi gure 58. Wind-stress vectors for SPII large radius , medium
translation (LR-M T ) on an 8-nautical m ile grid;
time = 20 hours .
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Figure 59. Wind-stress vectors for SPIt large radius , medium
translat ion (LR-~’fl’) on an 8-nautical mile grid;
time = 25 hours .
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Fi gure 60. Wind-stress vectors for SPII large radius , medium
translation (LR-M1’) on an 8-nautical mile grid;
time = 30 hours.
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Fi gure 61. Wind-st ress vectors for SPII large radius , medium
translation (LR-P.ff) on an 8-nautical mile grid;
time = 35 hours .
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Figure 62. Wind-stress vectors for SPII large radius , medium
trans lation (LR-MT ) on an 8-nautical mile grid;
time = 40 hours .
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Figure 63. Hydrographs for SPH , LR-MT (with and without
rainfal l )  at Sabine Pass , southwest je t ty .
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Figure 64. Uydrographs for SPH, LR-MT (with and without
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Station (FK = 0.0010) .
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Figure 65. llydrographs for SPII , LR-MT (with and without
rainfall) at Port !I.rthur (FK = 0.0010).
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Figure 67. Hydrographs for SPU, LR-MT (with and without
rainfall) at Beaumont, Neches River , and Brake s
Bayou (FK = 0.0010).
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Fi gure 69. Hydrograph s for SPH , LR-I~ff (with and without
rainfall) at west end of Intracoastal Waterway
(FK = 0.0010) .
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for the greater speed (shorter duration) storm because of the constricted
connection to the sea. Port Arthur shows a reduction of 1.1 feet for the
MT storm relative to the ST storm; north Sabine Lak e appears to show no
ch ange . An examination of the wind f ields close to the t ime of the peak
surges (Fi gs. 46 and 61) indicates that a greater wind-induced setup
wi th in  the lak e occurs between Port Arthur and the north Sabine Lak e
station for the medium speed storm , due to the favorable orientat ion of
the winds near the time of peak surge at the lak e entrance .

The response at Beaumont and Orange , both of wh i ch are well  in land
of the main lake area, shows a si gnificant reduction (3.6 and 1.4 feet ,
respectively) as we l l  as a greater t imelag for the faster storm . More-
over , the peak elevations for both of these stations are somewhat less
than that at north Sabine Lake for the ~vfl’ storm in contrast to the situa-
tion for the ST storm . The limited access of water to these regions is
apparentl y responsible for this sensi t ivi ty to storm duration .

The inf luence of rai n fal l and associated runoff from drainage are as
wel l  inland is shown very dramatically from a comparison of the second
and th i rd  sets of peak levels in Table 6 , particul arly for Beaumont and
Orange Naval Station , where runoff produces a differential flooding of
3.6 and 2.8 fee t , respectively. A differential of about 0.6 foot due to
runoff and r a in fa l l  occurs even wi th in  Lake Sabine . The effects within
Lake Calcasieu and upstream to the northeast are less pronounced due to
the smal ler  runoff.

V I I I .  CONCLUS I ON

The use of a modi fied program for inclusion of subgrid scale ch annels
has been demonstrated to be essential for simulation of tides in the
upper reaches of a system like the Sabine-Calcasieu region , where the
primary connection to locations such as Beaumont , Oran ge , and Lake Charles
is via river channels wh i ch woul d not otherwise be resolved by a grid
scheme of the order of a 1-nautical mi le  scale. Eve n for conditions of
extreme flooding, as occur during hurricanes , the incorporation of the
sub grid  scale channels provides a degree of freedom for ret urn fl ow in
the presence of water leve l gradient , which would oth erwise not exist in
models wh i ch exclude sub grid scale channels. The simulation of Hurricane
Carl a in par t icular  is improved over that attainable with the SURGE I
program which did not allow for the subgri d scale channel subroutine.

Wh ile programs such as SURGE I can , in pri nc iple , simula te the effec ts
of channels, prov ided the gri d scale is of the order of the channel width ,
the required computer time is usually prohibitive at least for explicit
numerical models. Some advantage can be gained in respect to econon~’ by
the use of implicit  numerical models such as that of Leendertse (1967) ;
howeve r , the accuracy of such schemes when used on a competitive basis ,
fro m the standpoint of economy (large t ime steps) can suffer relat ive to
that which can be achieved with the sub gri d scale channel routine . How-
ever , the best procedure for such numerical simulation remains to be
determined.-
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APPENDIX A

SURGE II PROGRAM

This appendix includes a complete listing of the SURGE II program.
Except for SUBROUTINE cHAN L , the program is much the same as that used
in Reid and Bodine (1968). I&-should be emphasized that the coding of
calculations of flow and water level for blocks does not include the
effect of Coriolis force. Moreover, no attempt has been made to opti-
mize the coding since the original version . The actual new part of the
program is embodied in SUBR9&ITINE ~HANL and the way in wh ich the channel
computations mesh with the block calculations . Thus, while many users
may prefer their own version for calculation s over the main grid , it
should be possible to incorporate SUBROUTINE GHANL with their own pro-
gram when applied to systems l ike  the Sabine-Calcasieu region in which
allowance for channels is essential.
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APPENDIX B

DESCRIPTION OF THE SURGE II CODED PROGRAM

The gen era l strategy of the program is d iscussed and certain special
features are pointed out which may not be apparent without detailed study
of the program. Operational aspects of the program are discussed in some
de tail in Append ix C.

The version of the program adapted for use on the GE 400 computer
system by the Corps of Engineers consists of the following parts or
subroutines:

MAIN whose primary job is to read and check the sequencing of the
basic data for the block computations ;

PART 2 which controls the basic computational sequencing, initiali:a-
t ion , and updating of storage, interpolation of coarse wind
fields for the actual grid , and routine computation of U, V ,
and 11 for all  b lock s, considering barriers (basically , the
SURGE I program)

~ 1ANL(l)  which is ca l led  only  once to read ch annel dat a and to estab-
l i sh  certai n key arrays for routine ca lcula t ion ;

QlANL(.~) which is cal led routinely to compute fl ow and wate r  levels  in
channels and at channe l end points ;

O’IANL(3) whose task is the routine calcul ation of H on blocks con-
t a in ing  channels ;

cl-I ANL(4)  wh i ch is cal led for l i s t i n g  of channel computations ;

LI ST( l )  wh i ch is cal led only once to read control data for block
l i s t ings  and to list the topographic Z f i e ld ;

LI ST(2 )  which l i s t s  the H field for blocks if cal led;

LIST(3) which lists the U, V. and H f ie lds  for blocks i f  ca l led  in
pl ace of LIST(2);

SAVE(l) which is called only once to read the positions of certain
gage locations for water level or flow ;

SAVE (2) wh ich is called routinely at preselected time intervals to
save water levels and plow for gage locations defined by
SAVE (l);

CONTIW(l) which is called only once to read basic storage in COMMON
BLOC KS 1 to  10 in  the cast ’ of a con t inua t ion  of a given
problem;

CONT IN (2)  which  is ca l l ed  at the t e r m i n a t i o n  of a run to output the
c o n t i n u a t i o n  dat a called for by C O N T I N ( 1 ) .  7
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The version of the program used in the testing and calibration work ,
using an IBM 360/65 computer system , has an additional assembler language
subroutine for clotting positions of barriers and channels (see Fig. 15).
This is useful in checking input data for channels and barriers to spot
possible errors in coding the positions of channel blocks and barrier
blocks. Unfortunately, this subroutine is not compatible with the GE 400
system. Subroutine PLOT in Appendix A however can he used for this pur-
pose. Subroutine LIST is not used in the version of the program in
Appendix A.

1. Flow Diagram.

-\ schematic flow di agram for the SURGE II program is given in Figure
B— i. If a new problem is being run then the first phase is reading in
the bas ic  data and checking the data sequencing to mak e sure it is in
order and comp le te.  This is carried out in MAIN and the beginning of
PART 2 w h i c h  ca l l s  s ub routines Q-IANL(l) , SAVE ( 1) , and LIST( l ) .

I n i t i a l i z a t i o n  of block arrays is carried out in PART 2; in i t i a l i za -
t ion  of channel array s and e s t ab l i sh ing  of key arrays are carried out by
C11 -’oNLI,l). These key arrays are discussed in a subsequent subsect i on .

Step 4 of the flow diagram is th e beginning  (or reentry point)  of the
rout ine  computations for each t ime .  After  genera t ing ,  th e deta i led  inter-
p olated f i e lds  of x and y comp onents of wind stress for the blocks
(step 4) and a l l  b lo cks  ( i . e . ,  all l,J) are swe p t to compute the flow
co mpon en ts , U and V , i gnoring at f i r s t  the presence ( i f  any) of sub-
gr id scale chan n els , but considering barriers for any barr ier  blocks
(ste p 5 ) .

I n step 6 cI I ANL(2)  is cal led to sweep through a l l  channel  block s to
evaluate a l l  channels Q and II except those for H-end points and all
lateral flows to and from channels . In the latter operation , the flows
U and V computed in step 5 are replaced by corrected U or V be-
tween block’~, considering the presence of the channels.

Step 7, wh i ch is carried out in PART 2, sweeps all l ,,L to compute
water levels on blocks ignoring for the present , the presence of any
subgrid scale channels.

In  s tep 8 , (:II-\ NL(3) is ca l led  to correct the block II values on
those blocks con ta in ing  channels  and to compute the H and Q values
at I l -end p o i n t s  of channels .  This a lso  provides corrected H values
for those blocks  i n to  wh i ch the channels discharge .

Steps 10 and 11 are output  operations for block and channel  comput a-
t ions  c a r r i e d  out in PART 2 and QIANL(4). This is followed by a time
updating and test for end , dependent upon a prescribed maximum nun~ er of
time steps. Before termination of a run , the contents of all data in
( l ~

)
~ arc saved for possible continuation of the problem , if des i red.

2. Identification of Adjacent channel Blocks.

To provide rap id access to values of II and Q in channels adjoin-
ing a gi ven channel reach , special arrays are generated in subroutine
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CIIANL(l) . There are four such a r rays :  KCX(K) , KCY(K) , KCXP(K) , and
K C Y P ( K ) .  These g ive the channel block i d e n t i f i c a t i o n  index for those
channel blocks which are adj acent to the Kth channel block as indicated
in Figure B -2 .  Thus , KCX( K ) is the identifi cation of the channel block
wh i ch has an x -s ide  channe l a d j o i n i n g  channel block K on the negative
ch a r a c t e r i s t i c  s ide  ( i . e . ,  on a preceding row) , wh i le KC XP( K ) is th e
i d e n t i f i c a t i o n  of the channel block which has an x-side channel adjoining
channe l block K on the pos i t ive  side ( i . e . ,  on a fo l lowing row). KCY(K)
and K CYP(K)  have analogous mean inps for blocks wi th  y-side channels
adj o i n i ng tha t  of block K . These arrays are generated by ‘

~~I appropriate
se r ies o f tests in wh ich th e I ,J i-d ues of blocks adj acent to that of
channel  b lock K are compared with the ICC and JCG value s of al l
other channel  blocks.  This  is carried out only once during any run , and
is not particularly t ime consuming; moreover , it avoids any human error
which may easily occur if such arrays were required as input.

CHANNEL
DL OCX

CHANNEL CHANNEL CHANNEL
DL OCX BLOCK DL CCX
KCY~ K KCYPg

CHANNEL
DL OCX

Figure B -2.  Channel block identification for
channels adj acent to those of block K.

The arrays KCX and KCXP have the prope rties K CXP( K CX(K) ) = K and
KCX( KCXP(K)) = K wi th  s imi lar  relations for KCY and KCYP. - 

-
‘ :.

C - - . 4

As an exan~ le of the use of such arrays , suppose the value of HC in
¶ an x channel adjoining tha t  of ch annel block K is needed. This could ~. 

-
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be add ressed as }I C(KX) where KX = KXC(K) . Using Fi gure 8 as an
example , the value s of channe l flow e n t e r i n g  the  junc t ion  from ch annels
1 and 2 would he addressed by QCXP (K1) and Q C Y P ( K l ) , respect ively ,
whe re K i  desi gnates the channel  block conta in ing channels  1 and 2.
h owe ver , th e f low lea vin g the j un ct ion woul d be addressed by QCYN ( K 2 )
where  K2 KC\ F ’(K l )  and QCXN(K3) where K3 = K C X P ( K l ) . W h i l e  redun-
dant sto rage of such II and Q value s would also sa t i s fy  the require-
ment of rapid access to such values adjoining a given channel block , the
use of the integral arrays KCX , KCY , KCXP , and KCYP saves storage for
most computer systems .

An examinat ion of the l i s t ings  of the values of the  arrays KCX , KCY ,
KCXP , an d KCYP , as output by the program , in dicates that th e maximum
va lu e  of any of these can and usua l ly  does exceed the number of input
ch annel  b locks  (KCM) . The reason for th i s  is t ha t  dummy storage posi-
tions are created for blocks adjoining channel end points . This is an
artifice of the program which allows routine computation for all channel
reaches before special  computat ion for channel end p o i n t s .

3. B a r r i e r I d e n t i f i c a t i o n .

The pos i t ion  of the Kth barr ier  block is given by the arr ay pair ,
I B ( K )  and J B ( K ) , w h i ch is input to the j )rogram . I t  is convenient  to
have rap id access to barrier  info rmation for those barri ers which  h appen
to fall on a given ch annel block . The array KC B (K)  gives the ident i f i -
c at i o n of ti -’ b a r r i e r  b lock which coincides wi th  ch annel block K.  Thus ,
I C G ( K )  = I B (KCB(K) ) and J CG(K) = J B ( K C B ( K ) ) .  I f  no barriers ex i s t  in a
g ive n channel  b lock then the corresponding value  of KCB is zero . Thus ,
in  the rout ine  program , a test for zero value KC B is made; if  nonzero ,
then a ca l l  can be made for barr ier  dat a such as e levat ion and bar r ie r
c o e f f i c i e n ts  via the ha r r i e r  index KB = KCB(KC)  where KC is the
cha nnel  block concerned.

The array K C B ( K )  i s  generated in  C I I A N L ( l ) ,  v ia a scan of all lB
and JB values for g i ven ICG and .JCG for channel  block K .

An a r ray  KLB(K)  is a l so  generated which i den t i f i e s  those h a r r i er
bl ocks not common to channel b locks .  This is used only in  the IBM 3 > M / 6 5
a-A s emb l er language p l o t t i n g  rou t ine , not in routine ca l cu l a t i ons .

1. Q~annel h i n d — P o i n t  I d e n t i f i c a t i o n .

a si gnal  tha t  at le ast one channel  end point occ ur s in a chann el
block K , the value of ICG K )  is nega t i ve . If  two end poin ts  occur ,
the va l ue of .JCC(K) is also negative ; otherwise , it is positive . If
no channel end point occurs , then both ICG and JCG for the b lock are
positive . This positiv e-negative coding is generated automatically in
OIAN L(1) by appropriate testing ; namely, to check if a valid channel
connects at et c h  end of a valid channel in the  block concerned.

In a d d i t i o n , t he arrays K E N ( l , K) and K~- N ( 2 ,K) are generated in - - .~~~ ~

CII A N L ( l )  t o  i d e n t i f y  the  type of end point  for , at most , t w o pote n tial .
‘ - .

~~~ 

f
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channel t e r m i n a t i o n s  in given channel block K. If there is no channel
te rminat ion both K F N ( l , K) and K E N ( 2 ,K) arc zero ; i f  one te rminat ion
occurs for block K , KEN(l ,K) w i l l  have an in tegra l  value  from 1 to 8
and KEN(2 ,K) will be zero ; if two terminat i ons occur , both KI~N arrays
wil l have nonzero value . In use, Kl~N(2,K) is called only if JCG(K)
is negat i ve .

The coding for the type of end point is indicated schematically in
Fi gure B-3. Value s of KEN from 1 to 4 represent “il- end” type termina-
t i o i i s  where a ponding block immediately adjoins  the channel end. Values
of KEN fro m 5 to 8 are those for which Q is specif ied;  e . g . ,  r iver
discharge . Value s w i t h i n  e i the r  group in dicate th e relative ori en tation
of the channel end poin t in question to ass ur e callin g the co rrect data
and us ing  the ri gh t si gns in the routine calculations .

3 7

POSSI BLE
ORIENTATION S
OF ENDS

2 ,61 _________J* ,a

1,5

TYPE OF END
KENK = 1 ,2 ,3 ,4 HC=H OF ADJACENT BLOCK
KENK = 5 ,6 ,7 ,8 Q SPECIFIED

Figure 8-3. Identifi cation of type and orientation of a
channel end point by the coded identifier KEN(K).

_ _ _ _ _ _ _ _  
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A P P E N D I X  C

USER’S GUIDE To SURGE Ii

The coded program SURGE I I  is  in t en d e d  for use in  the  numer ica l  sinu-
Lit ion of storm suri~e-~ or ast ronon t i  cal t ides  in bays and estuaries for
specified tine sequences of w a t e r  leve l at the seaward boundary of the
hay o r es tuary  and speci f ied  wind  stress and other  storm data ove r the
ba y or e s t u a ry . The user may use one of two d i st i n c t  modes of operat ion :
(a) the storm mode , in wh ich  a l l  s torm data  are required as well as sea-
ward h edrogra p h d a t a ;  o r (b~ t h e  t ide mode , in w h i c h  no storm dat a are
required , the only fo rc ing  be ing  the input  wa te r  level var ia t ion at the
seaward boundary . Moreover , in both modes the user has the option ofm i t  i it i ng a new simul ation or c o n t inu i n g  a previous  s i m u l a t i o n , the
input requirements being diffe rent for each .

In general , the input consists of the  following types of informat ion :

(a) Control Data- -For input-output operations , initializa-
tion , array s i ze , time stepp ing, and run durat i on .

(b) Bay Schematization Data--including block topography,
barrier data , and channel data.

(c) I-a rcing Data--including sequences of water leve l at
scaa a rd h oun darv  • w i n d - s t ress components over bay , rai n f a l l
data  over hay , and ri ver d i scharge  da ta .

( d )  Proble m S p e c i f i c a t i o n  i n f o r m a t i o n .

Ce r t a i n  ch eck- ~ are made as the da ta  are read i n , w i t h  regard to proper
orde r of i npu t , proper amount of ‘-~c qu cn t i a l  da ta , and  proper s i z e  arrays .
A l l  st ops r e s u l t i n g  fro m these e d i t i n g  cheeks of inpu t  are i d e n t i f i e d .

In t he subsequent  subsect ions , the i n d i v i d u a l  input  parameters  arc
ide n t i f i e d  ( w i t h  appropr ia te  units), the sequence of data input for the
different modes of oper it ion is g ive n in some detai l , and special require-
ments concerning dat  a i npu t  for barr iers  and channels are discussed ,
followed by a summary of output information and output options .

Definition of Input Variable s .

The following variables are l i s t e d  in tlu order in which they are
input (asterisks separate data blocks):

h E A R t )  Contro l index: 0 for s t a r t i n g ,  1 for continuation .

B l s ,~ C

I I)ENT Dat i block identific ation ;

62



IBL starting column (I value) for listing of block H output
(normal ly taken as 1);

KEM total numb er of blocks wi th  ch annels  ( i n c l u d i n g  nu l l  ch annels ,
see subsec. ( of t h i s  a p p . ) ;

NO W I N I )  control for storm data input : 0 for normal input oreration for
wi nd s t ress , rai n f a l l , and runof f ;  -l  for omi t t ing  such input
for t i de comp u t a t i ons ;

I N J ’ L R  i n te rva l  in SAVE operation ( t ime interval  is INTER*D ELT) ;

NGAGE n umb er of Ii gage locatior,  sa ved;

n umber of Q gage locations :;aved;

1MIN minimum expected II (feet) ;

I M A X  maximum expected U (feet) .

N O TE-- -- - I M I N  and IMAX are used only in sub routine GRA F , app l icable  to
IBM 360 or 370 .

.-
~~~c~

-
~;: 1

Ni IME Initial time level (normally 0, unless a continuation run is
bei n g ca rr ied out , in w h i c h  case NTIMIi should equal the final
value of the previous run) ;

maximum number of time steps for the problem;

MMIN minimum “map time” for wind-stress input ;

~4’4AX maximum map t ine  for wind-s t ress  input ;

NFU number of i t e ra t ions  per map t ime in te rva l ;

lOUT i n t e r v a l for rou t ine  output  from blocks and channels  equals
TOUT ÷ 1;

INFLD special output f l ag :  0 for standard output , 1 for ext ra
listing of channel output for one iteration preceding normal
listing.

B~ -~~:c 2

I M  Total numb er of x- grid in~erva 1s;

.JM total nuther of y-gri d interva s;

KM total number of blocks having barriers ;
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total number of coarse x—gri d points for wind-stress input ;

total n um b e r  of c o ar a c  y - g r i d  points for wind -stress input .

DEIX Spatial grid interval or block size (nautical miles) ;

DELI time i n t e r v a l  between block II and flow comput ations (seconds);

CI)O overflow coefficient for natural low-lying ground such as
barrier islands ;

FK bed- resistance coeffi cient for blocks;

FC bed-resistance coefficient for channels (used only if values
for individual channels arc not entered) ;

U G T initial water leve l above MSJ in the bay (feet).

B~~~ -: 4

K I Number  of i n t e r p o l a t i o n  subd iv i s ions  of each coarse x-grid
in t e rva l  K I * ( K M A X _ l )  =

U number of interpolat ion subdivisions of each coarse y-grid
in te rva l  [~J*(p~\ X _ 1) = . J M ;

K I I  number of coarse x - g r i d  i n t e r v a l s ;

LJJ number of coarse y-grid intervals;

JBL , JBR number of “open boundary ” J- i n t e r v a l s  on le f t  and ri ght
of system (not used in version in App. A).

I R ( I ~) I locat i on index  for ba r r i e r  block K ;

.113(K) .1 location index for harrier block K;

I : :xi ’ K )  e levat ion of x - h a r r i er  (right side) on barrier block K (tenths
o f f e e t )

1:1( K) e l - v a t  ion of y -U a r r i cr  ( upper side) on barr ier  block K ( t en ths
of f eet) ;

ICDOX(K) overflow coefficient for x-barricr (value 1,000) on Kth
harrier block ;
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I C D O \ ( K )  over flow c o e f f i c i e n t  for y-har r ie r  (value x 1,000) on Kth
ba rr ier b l ock;

I CD SX (K )  s ubme rged w i e r  coe f f i c ien t  for x-barr ier  (value x 1,000) on
Kth barr ie r  b l o c k ;

ICDSY(K) submerged w i e r  c o e f f i c i e n t for y-barr ier  (va lue  x 1,000) on
Kt h b a r r i e r  block .

1( I ,.J) Elevation of ground or seabed (feet) relative to MSL datum
for b lock  locat ion I , J .

BLc~~ : 7

IMRO Number of rive r input (runoff) locations;

JMRO nu~iber of  map time s with runoff values;

KR n umber of c h a nn e l - s t r t - sv  va lues  ( n o r m a l l y  same as JMRO) ;

ISTR sta rt o f  r a i n  (map time);

I N D  cu d of rain (map time) ;

NOt, number of iterat i ons bet~ et-n rive r input values (normally
same as N F 1 I )

K U-I n umber at iterations between channel-stress values (normally
same a s N  EU )

NORT numbe r at  i t e r a t i o n s  per hour  for  r a i n  ( n o r m a l l y  same as I N I E R )

B ~~
- 8

RE T o t a l  r a i n f a l l  ( i n c h e s ) ;

fract ion ot~ rainfall not absorbed by ground;

S convers ion factor for wind stress (5,~ 8t)/3,60O)2 ~ 1.1/ 10.

Bi ~

LRO I K I l oc : i t  ion index  for  Eth  river input block ;

LRO.t (K)  1 local i o n  index for KIli r i v e r i n p u t  b lock .
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4
Block 10

DIST(M) Percent of total rainfal l per hour for 24 hours.

Block 11

CHST(M) Channel-stress values at map time M (entries are used only
if KCM = 0) .

BZ~*~k 12

RO(K ,M) Discharge (cubic feet per second) from Kth rive r input block
at map time M.

Block 13

MT I MJi Map time for given block of wind-stress input and seaward
wate r level.

Block 14

FI GR( K ) Seaward water leve l above MSL (feet)  at MT IME for coarse
grid position K.

Block 15

HBR(J) Water level on ri ght open boundary above MSL (feet) at
MTIME for grid posit ion J (not used in version in App. A ) .

Block 16

XR(K ,L) Wind-stress component in the x direction (units of (miles
per hour) 2/ lO)  for coarse grid position K , L at time MTUIE .

Block 17

YR(K ,L) Wind-stress component in the y direction (units of (miles
per hour) 2 / l0) for coarse grid position K , L at time MTIME .

Block 18

ICG (K) I location index for channel block K;

JCG(K) J location index for channel block K;

IWCX(K) width of x channe l (right side) on channel block K (feet),
with sign (see subsec. 6 of this app.);

TZCX(K) depth of x channel bed on channel block K (feet), with s i gn
(see subsec. 6 of this  app. ) ;
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I WCY (K )  w i d t h  of  y channel  (upper s i d e )  on channe l  b lock K ( fee t ) ,
w i t h  si gn (see subsec. 6 of t h i s  app . ) ;

I :cY(K) depth of y channel bed on channel block K (feet), with si gn
(see ~uhs~’c. 6 of t h i s  app . ) ;

IFC(K) bed-resistance coefficient for channels on block K (value x

10 , 000) , i f en t ry  is zero (blank) then I FC is t aken  as FC
(entered in ~~~~~ 3) 10 ,000.

~~~~~~~ ]:~

l ( ; . \E J (K)  Locat ion index for  the Kth hydrograph , if J~ AGEIK ) ~ 0 the n
I G A G E ( K )  is t he I location of a block U ; i f  JGA GE ( K ) = 0
the n I GAG E (K) is the channe l b lock index for a ch anne l. H;

( I )  i f  n ot zero , th i s  is the J loca t ion  of a block II ; i f  zero ,
a channel U is i n d ica ted;

K FLOW(K)  channel  block inde x for the Kth f low gage , the flow being
that  of the l owe r end of the x channel , or the l e f t  end of a
y cha n nel  i f  an x chan nel does n ot exist , or a channel end
point i f one exists in the iden t i f i ed  channel  b 1ock .~

B:~ 20

lENt )  Maxim um I in listing of block arrays of H, U, and V;

NF n umber o f i t e ra t i on s betwee n l i s t in gs ;

IBEGIN first I in listin g of block arrays;

N J  maximum i in listing of block arrays ;

NCAR D total numbe r of alphanumeric problem identificat ion cards ;

A LP }I A(J)  al phan umeric charac ter  data  which i d e n t i f y  the p rob lem and
gage locat i ons by name .

2. Input  for I n i t i a t i n g  Storm Surge S imula t ion .

The sequence of input for s t a r t i n g  a problem in the storm surge mode
is given below in the form of a s umm ary of the REAL ) s tatements act i ve in
this  mode , together  w i t h  a summary of the appropriate FO RMATS for data
input in different blocks . For all data blocks requiring an entry of
the i d e n t i f i c a t i o n  in teger  I DENT , on ly  the w~~t~a digit of the data block
number is entered in  column 1 of the data  input card.
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RE A L) 1 , ICARI ) (0 fo r s t a r t i ng )

a:c~~~ 0 (1 card)

READ 1 , lI)LN I , I B L , KCM , NO WI ND , I NTER , NGAGE , NFLOW , I M I N , IMA X

N OTI I M I N  and IM AX are lef t  b l a n k  unless sub routine GRAF is used.

~~~~ 1 ( 1 ca rd)

RlAI ) 100 , ID F N T , N I I M E , NM , M M IN , MMAX , NFU , TOUT , INFLD

( 1 card)

REAL) 100 , I DENT , IM , JM , KM . KMAX , LMAX

B o3k 3 (1 ca rd)

REAE ~ 250 , I DE NT , DELX , DEL T , COO , FK , FC , HGI

b l 3k 4 (1 card)

READ 100 , IDENT , KI , U , Ku , LJJ , JBL , JBR

B~ o~k t (total of KM cards of barrier data)

00 500 K = 1, KM

READ 100 , b ENT , IB(J) , JB(K) , IZX(JQ , I Z Y ( K ) , ICDOX(K) , ICDOY(K) ,
ICDSX(K), ICDSY(K)

500 CONTINUE

B~s c~ 6 ( to ta l  of 2*IM cards of block topography)

DO 550 1 = 1, IM

READ 100 , I [)EN T , (l Z ( r ,J ) ,  J 1, 10)

READ 100 , IDENT , ( I Z ( I ,J) , J = 11, JM)

550 CONTINUE
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7 ( 1 ca rd)

READ 100 , I DENT , I MRO , .1111W, KR , I S I R , I ND , N ( )W , KIM , NORT

~ (1 ca rd)

REA L) 250 , l O I NT , RF , CON ST , S

~ (1 or 2 cards , depen dent on I MRO )

READ 100 , b E N T , (LR O I(K) , L ROJ(K) , K = 1 ,5)

I F  ( I M R O . LT .6)  GO TO 575

READ 100 , I DEN T , ( LRO I (K) , LROJ(K) , K = 6 , I MRO )

575 CONlINUE

Block 10 (3 cards)

READ 250 , I DENT , (DIST(M), 11 = l , 0)

RE AD 250 , IDENT , (DIST(M) , M = 11,2 0)

RE A D 250 , I DENT , (DIST ft I ) , H = 21 , 24)

2:Lo~~ 11 (L + I card wh ere L = K R / b . I f  KR = 0 , block 11 input is
omit ted . )

REAL ) 250 , IDENT , (CI IST(K ) , K = 1, 11)

READ 250 , I DEN T , (CUST(K) , K = 11 ,20)

READ 250 , IDI NT , (CH ST(K) , K = KL , KR (KL = 10 * L + 1)

Bi~ck 1:~ (.JMRO cards of river discharge data)

DO 700 M = 1, JMRO

RE AD 250 , IDENT , (RO (K ,M),  K = 1, IMRO)

700 C O N l I N I J I .

~ r~ :~a .v~d Water Level For cing
(t ~f f L  sets  of blocks  13 to 17 where MTL = N~1AX - N~.iIN + 1)

710 CONTINUE
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13 (1 ca rd)

RE AD 100 , I DENT , MT I ME

14 ( 1 card)

REAL ) 250 , IDENT , ( I I G R ( K )  , K = 1, KMA X)

~~~ * 1, (1 card)

READ 250 , ID EN T , (IIBR(.J) , J = 2,8)

BJ ‘~~ 26 (KMA X cards )

DO 790 K = 1, KMAX

READ 230 , IDENT , ( X R ( K , L ) ,  L = 1, LMAX)

790 CONTINUE

i~Zo~~: 1? (KMA X cards)

00 800 K = 1, KMAX

RE Al) 250 , I1)EN1 , (Y R (K , L) , L = 1, LMAX)

800 C0~.FIN ITE

II (~flIMli — MMAX) 710, 1 ,015 , 1,015 (710 returns to read block 13)

1 ,0l~ (CONT INUE)

B~~~,k 18 (KC M cards with channel data. If KCM = 0, the READ statement
is bypassed and block 18 should be omitted.)

IF  (KC M. G T .0) CALL C I I A N L ( 1 )

DO 50 K = 1 , KCM

READ 100 , I DENT , ICG(K) , JCG (K) , IW CX(K) , IZ CX ( K ) , IWCY ( K ) , ECY (K),
LF C( K )

50 CONTINUE
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B 1~~k 19 (2 cards)

CALL SAVE( 1)

READ 350 , ( I GAGE(K) , JGAGE ( K ) ,  K 1, NGAGE)

READ 350 , (KFLOW (K) , K = 1, N FLOW )

Block 20 (NCARD + 1 card)

CALL LI ST( 1)

READ 1 , IDENT , [END , SF , I BEGIN , NJ , NCA R D

DO 250 J = 1, NCARD

READ 450 , (ALP II A(J) ,  J = 1,40)

250 CONTINUE

Forma t Statements for Input. The fol lowing formats were used in
all the testing operations . It is recommended , however, that for routine
operations those READ statements using FORMAT 1 be replaced by FORMAT 100
to make all basic numeri cal input consistent in card column range .

1 FORMAT (Il, 13, 19, 14)

100 FORMA T ( I I , 2X , 15 , 9(3X , IS)

250 FORMAT (II , F7.0, 9F 8.0)

350 FORMAT (20 I 4)

450 FORMAT (15A2 , l5A2 , 10A2)

3. Input for Tide Mode.

For calibrat ion of a given bay system , under virtually no wind con-
ditions , for its response to forcing by astronomi cal tide at the seaward
boundary and a steady-state river discharge , allowance is made in the
coded program to bypass the detailed input of wind-stress components,
and rainfall and channel-s t ress  data;  moreover , since a steady river
discharge  is assume d only a s ingle card is required to define this input.
In  essence , the data  blocks 10 to 17 are replaced by a shortened version
of block 12 plus a modified version of block 14 in wh i ch t ide data at the
seaward boundary are prescribed at hourly intervals  as the map t ime inter-
vals. The i nput is summarized as follows :

17 1
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0 in column 1

0: see Sect i on IV , 1, NOWIND = -l

~~~~~~ I to see Section IV , 2

3~ c~ k 12 (1 card for steady river discharges)

READ 250 , I D ENT , (RO(K ,M ) ,  K = 1, JMRO )

Bl o, .i (1 card for each 12 hours)

905 READ 91U , IGA , MTIML , (1I(1 ,J)  , J 1, 12)

MU = ~rF i Ml + 12

IF (MU.LT.’IMAX) GO TO 905

91u FUR~L\I  ( 12 , 14 , 12F 6.2)

( I G \  = 1)

3 .j:~; 1d ~~ 20: sec Section 1V , 2

o.~ ~~~~~~ ‘Io d.~ The n~ap t ime i n t e r v a l  for the tide mode is
1 hour .  Ihe ~ff [ME ent ry  Foi the as t ro t ide  block is the  t i m e  (hour) of
the  fi rs t of 12-hourly va 1ue~ of lI ~ (entered as 11(1 , 1 )) .  The t i d e  is
assumed uni form a long the  seaward boundary of the  bay s y s t e m , hence one
HG va lue  per hour  is s u f f i c i e n t .

I n  s t a r t i n g  the  t i d e  mode from rest s t a t e  (U = V = 0 and II = JI G I  = 0 ) ,
u s u a l l y  one or two d i u r n a l  t i d e  cycles  are required for the  numer ica l
mode l to reach a nea r ly  per iodic  response to an a lmost  p e r i o d i c  inpu t .
Thus , i f  t h e  f i n a l  i i u rn a l  cycle is to  be free of initial transients , at
leas t  72 hours of h G  da ta  shou ld  be provided.  This may requi re  an
a d j u s t m e n t  in  the d i m e n s i o n s  given in CO~~1ON /BLK o/ w h i c h  appears in sub-
programs M A I N , PART 2 , and CON TIN , i f  t h e  ful l da ta  set i s  to be stored
for one run . An a l t e r n a t i v e  is to mak e use of the  c o n t i n u a t i o n  o p t i o n ,
u s i n g  less da ta  i n p u t  per run (e.g., 24 hours ) .

4 .  I nput for C o n t i n u a t i o n  of a Run.

Since  the main  purpose of the t i d e  mode is for c a l i b r a t i o n  of the bed
friction coefficients for blocks and channels , it is expected t h a t  many
trial runs will be made for a given bay system. In order to keep the
machine t i m e  to a minimum for each successive run , it is desirable to
use an initial field of ti, V , or H wh ich is close to the true re-
sponse at the starting time . This can be accomp l i s h e d  by using the re-
sulting U , V , and II arrays from a previou .s tide run for the bay system
as the initial values. (This should be done even if the previous run has
different values of the bed friction coefficients.) The mechanism for
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accomplishing this is the use of the continuation mode option , as con-
trolled by [c..\RP. In this node, the contents of common from a previous
run arc inpu t  along with any additional forcing function data.

To make the program as f l e x i b l e  as possible , the continuation option
c m  be used for either storm surge problems or astrotide problems , the
only  difference in input being in the type of forcing function input .
Such fo r ci n g fun ctio n data sho u ld be con s i s ten t t. ’i th the cont inua t ion
t i m e . Mo reove r , the value of NTIME input in data block 1 should be
equal to the f i n a l  NT I ML in the previous run which is cont inued.

The seq uen ce of inp ut for con ti n ua t ion of a problem is as follows:

~~~:~ r._ l  ..‘.z� ’.~: I in column 1

~~~~~~~ ?c~k: Contents of CO~4’4ON output from a previous run

3. ..i:.~ 0 to 3: s ee subsect ion 2 of this app . (4 ca rds)

Deck : For storm surge mode , b locks  13 to 17 , i nc lus ive.
For t ide inode-as t rotide deck .

A flow diagram summarizing the READ operations as control led by ICARD
and NOW INU is given in Figure C-i.

5. Comments on Barrier Input.

a. Possible Barrier Locations.  A l l  barriers in the sch eina t iza t ion
occur paral lel  to the sides of a given barrier block . Barrier data
qualified by an X in the coded name (e.g., 1 X , TCDOX , ICDXS) ref er
to barriers norma l to the x-axis  on the ri ght s ide  of the barrier block ;
those qua l i f i ed  by a Y in the coded name ( e . g . ,  IXY , e t c . )  refe r to
barriers  norma l to the y-axis on the upper side of the barrier block .
If a channel exists parallel to either bar rier , thcn such a barrier may
occur on either or both sides of the parallel channel , depending upon
the coding of the associated channel input data (as discussed in a sub-
sequent subsec t ion) . Barriers which mi gh t exist  along the left  or lower
side of a g iven block are represented by appropriate data  coding of a
barrier block in a previous row or column .

b. Precaution. It should be emphasized that for any barrier block
it is up to the user to supply appropriate barrier elevations ZB for
both the ri ght  and upper sides of the barrier  block even i f  a real
barrier occurs only on one side of the block . The important point to
observe is that the specified ZB values should aZw~j s  equa l or exceed
the larger ~;f the block elevations at or adjacent to the side of the

i’ block ~ question. Othe~~ise , errors can occur in the computa-
tions.

c. Array Size. The number of barrier blocks KM is normally
limited to less than 100.
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Read Control
Card

Y~! If ~~~~~ D O  no

Read CO
Deck

[read iflocks

yes
~~~~~~~~~~~~~~~A~~~~ = 0 n°

Read Blocks
4 ,5,6,7 ,8,9

yes If NOWIND ~ 0

Read Blocks
10, 11

Read Block
12

yes If NOWIND ~ 0

Read Blocks  Read A st r o — T~ã~113, 14 , 15, 16, 17 D a t a

_____ 
noyes If ICARD = 0 -____

Read Blocks
Beg in Calculatioiii]18,19,20 ___________________

Fi gure C-I. Flow diagram for read statements.
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6. Comments  on Channel  Input.

a. Possible Channel Locations. All channels in the schematization
occur along the right side or the upper side of a given channel bloc ’
Channel data qualified by art X in the coded name (e.g., IWC X , IZCX )
re fer  to channe ls  norma l to the X - a x i s  on t he  ri ght side of the channel
block ; those qualified by a Y in the coded name (e.g., IWC Y , IZCY)
refer to channels normal to the Y-axis on the upper side of the channel
block . If a block has both  an X and Y channel , one data card speci-
fies b o t h .

b. Ch annel Junctions. In the schematization of a channel system
junctions can occur with adjoining channe l reaches parallel to each
other or perpendicular .  Moreover , one- , two- , or three-way b ranches :~rc
possible.

Four possible right-ang le channel junctions are illustrated in Fi gure
C-2. The simplest junction is that shown in the upper right panel of the
figure where the joining channel reaches are in the same channel block
KI . Ri ght-ang le junctions involving two adjacent channel blocks are
illustrated in the upper left and lower right panels of Fi gure C-2.

I 
- _ _

CHANNEL CHANNEL CHANNEL
BLOCK ‘~‘ ~LXK 8LQ~’K

K! /c2 K!

CHANNEL CHANNEL
BLOCK BLOCK

K3 K3 /t\

CHANNEL I
BLOCK 1 CHANNEL CHANNELBLOCK BLOCK

NULL ~t1ANNEL
BL~~~(I WCX—I JCY—O

Figure C-2. Four possible simple bends for a ch annel reach .
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The final possible ri ght turn is illustrated in the lower left panel
of the fi gure . In this case, the program requires that a channel  block
(KI) join the connecting ch annels of the nonadjoining channel blocks
(K. and k3 even though no channels exist on the joining block Ki. In
such cir cums tances , the required “n u l l ”  channe l  b lock would hove zero
width for both the N and I channels (I\~C~-~ = I~~h~ = 0) as input . The
hi value at the junction of the connecting channe l reaches for this case
is stored as hiC (Kl ) ; i.e., in association with the nul l channel block .

Colinear adjoining channels always involve two adjacent channel
blocks. Four possible junctions of this type are illustrated in Fi gure
B- .2 in relation to central channel block K.

c. Channels w i t h  Levees. The program allows for the following possi-
ble situations with respect t e  harriers parallel to channels:

(a) Single harrier on the “ inner ” l a te ra l  boundary of a
channel;

(b) s ing le  h a r r i e r  on the “outer ” lateral boundary of a
cha nnel ;

(c)  ba r r i e r s  of equa l e leva t ion  on bo th sides of a channel.

NOTE . --Th e term inner  or outer side of a channel re fers respec-
t i v e l y  to the side common to the  channel block contain-
ing the channel or the side common to an adjacent block .

The barrier e l e v at i on info rmation i s i npu t  separa te l y  from the
channel block data and allows only one elevation for the ri ght side and
one for the top side of a block (hence , the restri ction of equa l barrier
hei ghts for tb’ double levee situation c above) . The specificat ion for
s i t u a t i o ns a , b , or c is accomplished by a si gn coding in the channel
block data a’~ follows :

(a) Channe l width ( I L I c ) positive , c h a n n e l — b e d  elevation (l:C)

(h) channel width posi tive , channel—bed elevation positive ;

( c) channel  width negative , channe l—bed  elevation negative.

It is understood that only the magnitud e of ~WC and IZC for a given
channel is used in calculations.

d. Chai~ne I Terminat ions. A c h a n n e l  system can t cnn i hate at (a) a
larger ho~Iy of water representing a lake , bay , or sea; or (b) at a bound-
ary r~ in a landlocked block w it hin the s~~tem . In the second case , the
program assumes that the flow at the channel end is zero unless a river
discharge to the channel is specified (see input) and that the channel end
block is one block inside the boundary block.

(76



e. R e s t r i c t i o n .  Only ch annels  with the channel bed below the mean
water leve l (MWL) reference are allowed. The actual elevat on used in
c a l c u l a t i o ns is - I TZC I , regardless of the si gn on the input of IZC for
a given channel.

f .  Array S i ze .  The number of ch annel blocks (including null channel
b l o c k s )  is KC M . hb owe ver , (C h {A NL(l ) )  creates arrays of length L(~~!l’ > KCM.
The value of KCMP exceeds KC~l by one plus the  n umber of channels  which
te rmina te  on the ex te r io r  boundary of the grid i n c l u d i n g  the seaward boun d-
arc . Si n ce KC~vll~ is l i m i t e d  to 130 , KCM sho u ld be less by the  amoun t
desc ribed above .

7. Output.

a. Lis t ings of Input and Key Array s. All input data are l is ted in
easi ly  i den t i f i able form in the order in which t h e  data are entered
throug h b lo ck 18. Immediately following the bas i c ch annel input is a
li s t i n g  of the  key arrays for channels , as disc ussed in Appendix A ,
inc lud ing  the ass ignment  of s ign coding for ICC and JCG.

Also printed out , in the same block format as the routine listings of
11 , are the block elevations.

b. Se quent ia l  Output. Norma l ly ,  the routine output of computed values
includes block 11 array s and l i s t i ngs  of all channel variables at pre-
determined intervals oi time (as determined by lOUT). It is ; - sible to
list thL U , V , and U arrays for blocks by changing the CALL LIST(2)
s ta tement f o l l o w i ng s ta tement  2 , 100 in PART 2 to CALL LIST ( 3) .

For ch annel l i s t ings , re fe r to Fi gu re 6 for nota t ion ; the l i s t ings
are ordered by channel  block number K.  The block loca t ion  I ,- ! is
repeated (negative si gns indicating end points). This is followed by
lix , the water  leve l ( fee t )  and QXN , the vo l ume t ransport (cubic feet
per second) at the lower end of the x channel , t i -t en QCP , the  t ranspor t
at the upper end of the x channe l .  These are fol lowed by UY , QYN , and
QYP represent ing,  respec t ive ly ,  the water leve l and f low at the l e f t  en d
and flow at the ri gh t  en d of the  y channel .  Next is tIC , the water level
at the j u n c t i o n  of the x and y channels .  The las t four entries in the
channel l i s t ings  are the t ransports  (in ~ubic feet per second) to the
channel fro m the channel  block and from the channel to an adjacent block
f~~ the x and y c h a r m n e l a .  The tI C value is meaning ful for nu l l  channels
only.

c. Saved Time Sequences. Sub routine SAVE , if used, saves sequences
of water  leve l and f low at preselected locations (as i den t i f i ed  in block
19 of the input) . In the ori ginal ve rsion of the sub routine used w i t h  an
IBM 360-65 computer the saved i n f o r m a t i o n  was punched on cards to f ac i l i -
tate later graphing of the sequences.

~:
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APP ENDI X 0

COMPLETE DATA LISTING OF INPUT FOR
SABINE-CALCASIIU REGION WITH

FORCIN G DATA FOR HU RRICAN E CARLA
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O ~~~~~~~ — , 1 1 1 133  .,flj ’50 ~~~~~~ ~~~~~~
O — . 0 2 5  — . 0 1 3 1 3  ., ul j t o  ,u5 u) R 7 — .00~~i ~~~~~~
13 — . 0 2 1  — . ° 1 Q l  ..0 ) 4 5  .0 ( , 7 7  • , 1 1 0 7 7  . - 0 1 1 3
13 — .018 .0l~~t • .-0 0~~2 — . 00 5 9  ..110131 — . 0 0 5 5
13 — .010 ..11 121  .0002 . f l0c Q  .• 0 Ø 1 3 )  — .0055
6 — . 0 1 0  .~~o~~?t  ,0002 — .0 0 6 9  .~~(1f4, ) — . 0 0 5 ,
7 .-os i  .0135 . 0 f l Q ’~ ~~~~~ .~ o’i .0 0 131
7 .0,9 .0121 .0102 .0 0 0 0  ,o o ~~o .0058

7 •~~~5 ,r.~~ 33 ~Ø . 05  .0 0 1 3 7  .1 10 5 7  .0 11.13
7 .0 2 2  .11 1 1 .  .0001 .00133 .0 0 6 2  .0u~~ 3
7 .0 ) 2 0  • 0 0 1 3 0  • ‘~~~3 .flo~ 

‘ .0009 ,Q 0 1 1 3

7 . o i~ • o t 3Q .0 0 7 7 , 0 O ~~b . “ 0 1 1 0  .~~o37
7 .c1~ .7 1 0 9 ~0()77 .0 1 1 1 3  . 110 110 .0 0 3 7
7 .0l~~ .0309 ,~~o77 .0011 13 , 0 0 11*  .0037

M~~P FOLLO.J D rY *140 I W P A Y  (I’ u ‘E~~T ’  IT  T j ~~~. 13
~1 8 . 4’ IL) 13,13 7 0 3 )  13 ,h1’~ 0 0 . Pu, 11 u1 13~~1 3 0 1 1 1 1  8. ’1~~ .u 0 )  b. 7 ’ j O Q  13.7000
5 5 . 0 0 7  3. 0 0 0 0  0,00110 5.~~0- 1u ~ ‘,‘0 7 0  5. 13 03)0 5.0000

x o  1 1 a L u (~S ( 1~~~’O . b ) A M  011 O m a L u l !  r 1 ’ ~~~’s7) *T ~*P73l’I F U 13
13 ..~~7 U Q  — .0 2~~ 5 .11210 — .112 1j  •.O 2 ru ) ‘.01 01

13 • .o ~~2 — .o~~~i — .~~i°~ 
. 0 1 70  , 0 ) 4 . q — .015 9

O — . 0 5 7  ..11 2117 .•‘)0) — .0)7 11 — .~~i~~5 . 0 1 1 3 3
13 — .05 3 — .o i 9 7  , 11)79 ..0)u5 ...1 1? 13 ..~~ lO Q

13 — . 0 ) 7 1 3  .01”~ — .0150 . 0 ) 1 1 4 . 1 1 j j )  — .0102

13 — .~~
,. —~~o~~Q3 — . 0 l ’ 5  .0 11°13 ,O f l T O  — .OOp o

13 ..o ? 1 1  .~~s)93 ,n)15 ~~~~~~~~ •~~i~~7Q — .0 0 8 0
13 — . 0 2 .  ~~~~~ .~~o~~35 . O u Q # ,  ~~11 1 7 Q  ~~~~~~~~
7 , 0 S 3  .0 2 4 5 4 5  . 7 1~~~ .01135 ~~~~~~ .11 12 6
‘7 . 0 4 7 ,~~~S1 • O~~ ?9 .0 ) 0 0  .01)7 .0 11 1
7 ,Oma l .0255 .0 1 7 1 1  . 0 1 51  .11 12 0 .00 03
7 .0~~ . 0 2 ) 1  . 0 173  . 0 1 3 0  . 0 1 1 1 1 2  , 0 0 7 a
7 .o~ 3 .01 i ’ 7 l  ,~~iS0  , f l ) 1 1~ .0 0 0 7  .0080
7 .020 .021* .01 110 .0oQ3 .0 7 0 )  .0 0 8 5
7 .0~~9 , 1 1 2 1 .  .0 1 0 0  . 0 0 0 3  •0100 ) .00 85
7 .029 .021’ .0100 .00 03 .OOQ I .0085

~ p~4 j s~.%3U~ ~fl?’~
189

~~ 

—

~~~~~~~~~~~ -~~~~~~~~~~~

‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_

~~~S~~~~~~~~~~~~~~~~~~~~~

_i 

-~~~~~~~~

‘ 
__ t



$G~ ‘O L L O . f D  50 44 13 0 A~~1 1A Y  (1 ~ c f F T )  A T  MT~~M~~: 1’
45 5.800 ~,5 0 0 0 3,8~~0u 5,Q jn~ , 13 ,11000 6,4 0 0 0  ~~.?00O 8,2 000
S 5 . 6 0 0  5 . 6 0 0 1 1  5. 1 30 0 0  5.13t00 c .A 1o tso  5.6000 5.61100

OP Va LU~~S(1D’*T.b) *1. 01 VI ’  V * L L ~~~S ( 1 0 ~~T I 7 )  ~ T ~u a p 7 3 .E I  1~
6 — .001 — .0 223 , 0 ) 6 8  — .0179 — .017 1  — .01133

13 — .OOb — .0235 — .0157 •.~~1’1 •.fl 1~~ .0)14.8
o — .002 — .0201 — .0150 —.~~l82 ~ .O 1112 — .0123

~ •.o?’~ — .0156 .~~n~~65 — .0150 ..11 12 0 .11 1 2 1

6 — .025 — .oI’7 — .0i52 •.0110 _ .1 1 1 1 5 .00 07

6 — .022 ..~~183  — .01713 ~ ,00QQ •,030 2 — .01 05
13 — .o22 — .0183 — .0)26 — .0099 .11 102 — .0105
13 • . 0 22  ..,n iMi  .• 0 3 ? o  ~ .01109 ...01 11 2 — .0 ) 0 5
7 . 0 0*  . 0 2 ) 5  .f l 1 1 3 3  .0 1 ’ o  . 0 1 2 0  ~~~)~~ 13

7 .040 .023. ,01Q ’ .0122 .01 1 )7 .0102
7 .OOo .0 2 0 7  . ‘ O t O O  . 0 ) 5 1 3  .0111 7 .0005

7 .032 .O1~~3 .0100 .0117 .0 1 010  . f l u s~5
1 .029 • 0 1 1 5 2  . 0 1 1 1 7  .1 1 ( 4 9 0  . uI O Q O  .0073

7 . 02 5  .01913 •0 )Pb .O0~~9 ~~~~~ .0092
7 .025 .o 1~~6 . O l 2 o  . O v *Q .0 0 0 6 .~~002

7 .025 .OIQO .0126 .01000 .001 06 .00~~~

~~~~ ~ OLL013E0 8! ~~~~ 
A 9 I S A~ 1 3 W  ~~~~7) A T  ,_ TI* te 15

44 4 . 3 0 0  4 .3000 0.30 00 o .5~~n~ 0.7000 11.9000 5.1000 5.1000
S 5 . 2 0 0  S .!~~f l 0 5.203)0 5.2- u OO  5.21100 5 .?0 0 1 1  5 ,2 0 00

ZR VA LU LS(10 *dTIb) *~~~‘ 00 V A L E S  r I0~- ’.7) A’ ‘44P73~i~~• 15
6 — . 0 11 0  •.o222 •.1110o ..0105 •~~01jQ ) ..01~~1
13 — .0 0 ~. ‘.021344 — .0173 — .01130. •,1 5j 7 1 3  •.O169

13 — .0 51 — .0233 •.017 0 — .01~~? ,0 ) 8 0 )  — . 0 1 3 ) ,
o — .000 — .1123)3 .,0)7 ~~~~~ ..0 ) 1 4 ~ — .0100

13 — .029 — .01133 — .01 7° ~~~~~~~ • .0 t 3 2  — .0113
o — .025 — .021 8 — .01 45 •.01)5 _ , 11 ) I Q  ,C 1~~2
13 — . 0 2 5  — . 0 2 1 8  •,Oi US ..0115 — . 0 4 19  — .Oi ~
13 — . 0 7 5  — .1 1 2 1 8  ., n~~44 5 - . 01 ) 5  ..~~1 t 0  _ , 11 102
7 . o o o  . 0) 2 0 6 •01Qu .11 11313 .11100 .0 1 4 1
7 . O u s . . o 3 0 0  . 0 17 ~ . 1 1 1 5 7  ,0 ) 1 1 5  . 3 1 2 7
7 .1) 0 0  .o20 7  . 0 1~~0 .0 ) 1 3 9  . 11 1 5 0  .0 1 1 2
7 .15 7  .112 344 .0 17~ .0 1 0 7  ,0~~27 . 0 ) 10
7 .0I~ . 1157  .0 ) 0 2  . 0 1 2 4 4  ,7)10 .0u05

7 . 0 0 2  •0230 .01 135 .11 11 5 • 0 ) ) )  •O 0I ’o
7 .001 .0230  . 0 1 5 5  . 0 1 ) 5  . 0 ) 1 1  , 3)~~13b
7 .0 3 2  .0 2 5 0  , o i S S  . 0 1 ) 5  . 11) 11  .70 86
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HGR F0%~,0.i~0 ~Y “be £ W R A Y  ( IN  r Ec ~~ *y  MT IML • lb
a a.~ no a..000 ~4.60A0 ‘.7~ oo ~.°ooo 5.0000 S.10O~ 5.IOOQ
5 3.100 5,i000 c.*ooo 3.luA~ ‘.1o~ o 5.1000 S.1v00

KR VILUt$~ 7DNTs b) ~~~ W W  V A L . IIU ( t f l~~1u 7) A T  .APTI$E S Ia
o — .o27 — .0156 ..0~ u9 •.016? ..0%7~a — .0160
o — .026 — .0~ 03 •.0138 — . 0 1 5 0  ~~~~~~ •.016u
o — .023 • .c 1 6 a  — .o ~~~o — .OlSn ~~~~~~~~~~ •.(125
6 — .023 — .0161 •.Oi’3 • .01% Q ~~~~~~ — .0113
o •.o2l — .~il50 ..0~~12 • . 0 j I~ O .0117 — .0125
6 — .0*9 ..R155 — .01)2 e .Oloo ..O ll o — .0099
o — .N9 .013S — .Ol’2 .0300 •.n~~io .0099
o — .019 — .oi S s ..0j32 — .0100 — .01 10 ••0~ e9
7 .osl .0293 ~~~~~ 

.02)9 .0250 .0190
7 .osa .0376 .023 0 .0222 ~~~~~ •~~1q0
7 .051 .0331 .0260 .0222 •fl 1~~3 .0169
7 •o~ 5 .n 2QO .02 .OlOa •0~ oa .0 136
7 .o~ o .0271 .0227 .0161 .‘~i55 .0169
7 .038 .0266 .02 11 .0165 .0160 .0110
7 .036 .0268 .0211 .0166 .0160 .0110
7 •038 .0266 .0211 .0168 .otuo .0110

~GR F0LLfl~ ED BY ~i~~ R A W R * Y  ( iN I~~I7) ~7 N T 1M ~~S 17
a s.~ oo 5.uooo S.a000 5.6000 ~.80nO 6e0000 8.0000 6.0000
5 5.500 5.3000 5.5000 3.SOOo ‘.Sono 5.3000 3.3uO~

K R VALUES(IDNT,b ) 4N1) YR V$~ L’E6 (!ON’.t) AT M AP TIMf e 17
6 •.015 — .0139 ..016 9 — .flI )8 •.012a — .0116
6 — .013 •,n125 •.ooi9 — .0111 — .0t~~t — .0131
0. — .013 — .0116 — .0OA ~ •.Oll t  ..n 11I — .0122
6 ..016 — .01*1 — .01 06 •,010a ,0lo% — .0096
6 — .013 •.~o97 ..0l01 — .OOA8 ..000Q — .0003
6 — .013 — .nlOi — .0092 — .O0$o •.0066 — .0065
6 — .013 — .01 03 • .0o ~ 2 ..0 0lo  ..00Ih •,008b
6 — .015 — .01 03 •.0092 •.0~)Ab .0fl~ b .00aS
7 .071 •0516 .0606 .•)37$ • n~~~~~ •~~~ 3
7 .ooa .oaba .0Z76 •0~ 09 ,0~ ms •0~ 02
7 .oSe ,oM l1 .02*0 .0P69 •fl2Ou .0239
7 .035 .0362 •03$6 .026 9 .0227 .0109
7 .oae ,o317 .0293 .0213 .0210 •01~~)7 •oaa .0316 •oaS2 .0~~t3 .019) .0175
7 .oaa .0310 .0252 •~ 21) .0 103  .0175
7 .oua .0310 .02!? .021) .019) .0175
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NCR ~~~~~~~ ~Y W84 A P I R A Y  (~~ P~ FEFfl £~ ~~~~~~ 18
a ~i . ?0Q a.,ooo 41.7000 1i.9Qi~~ ~,t o n n  5.3~ 00 5.4000 5.4400 0
5 3.000 5.o000 5.0000 S.000n s.oo no  5 . f l u O o  5.Ov OO

XR ~ALU~ $tT 0~ T.b) £P~D YR y a ~ t J~~ (~~0P.7a7) IT MA PTIH~. 16
6 .002 ~.fl000 — .0007 •.00?o — .o o?~ .00~ 0
6 .001 ~fl00b •~~O(l l~ •.00?~ — .~~o3o — .0037
6 0.OnO •,00I1 ..0026 — .~ O?g .,~ o3j — .0031
6 — . 0 0 *  — .00144 — .0019 — .00244 .,oo;~ — .0026
o — .001 ••001 5 •.0c?2 — .00?) •.oo?R •.002o
6 — . 0 0 2  •,00 lb  — .0020 ..002l — ,00?b — .0025
6 — .002 •.Av 1b  ...A 0 20 •.00 ?1 ~~~~~ •.Ou2S
6 ..00~ — .0016 ..0o2u •.0021 •,00?# — .0025
7 .ou d •n2~ 9 .0212 .fl2?9 .02?e .0226
7 .0~iS •0332 .02*1 .~ 2ti .0210 •0~ 0~
7 .040 .0310 .0210 .0193 •n~ ep .0*75
7 .036 ,02o8 .021* .0193 .fl*7e •01,.u
7 .033 .0211 .02*1 •Olb l •fl 1b~ •0131
7 .031 ~~~~~ •o~ °3 .0*446 •n~ a~
~ .o~~ .0229 •ojQ3 .oi~ o ~~~~~ ~~~~~
7 .03* .0229 .flI°$ •0141i ,01~4~ .0 116

NCR cOLLOw IO “Y NOR 114R1Y (IN ~~ry1 Ly P~TI”(a 1~
‘4 3.20u 3• o~0o 3.200u 3.sc0o ‘.inn o 44 . 0000 a.l000 a.1000
S a.uoo ~~~~ 4.41004? iJ144~)~~~ ~~~~~~ 4.44000 44 .auOo

XR VALIJIS(I DNTS6) APv I~ YN VII.I E R . y ,y~ at MAR TI N ! .  19
6 .o la •~~u75 • f l O ’~O .00~~n • oo~~ .0025
6 . 0 *u  .0096 .0044* .00~ 7 •fl0?$ .0019
6 .012 .0072 .00’0 .0o3~ .n

~~ ?? .0013
6 .0*1 •0061 .00~’i .O O o  •~~0i7 .0007
6 .009 •00448 ~~~~~ .00 20 .0 01?  .00 0 44
6 .OOR ,00446 .0032 .00 15  .00 1 1 .0007
6 .006 • 0 0 4 4 b  .00)2 .0~~i5 .~~o I i  .0007
6 .oo~ .oo~. •0o32 •flQ1S • f l O l j  .0v 07
7 .057 •03~ I .‘~2#2 .02~ a ~~~~~ ~~~~~~
7 .oS5 •null .02~ 44 ~~~~~ .fl2~ 7 .02*0
7 •o~ 2 .n37 i .02~ 0 .0244 ? • 0~~u~ .02446
I .O~ o •03’4’ .0307 .02*7 .A 2 4* .02*2
7 .047 .0306 .0286 .0229 • 0~~

,O .0 230
7 .o~ s .0329 .0)06 .0211 .02*1 .0212
7 .O~ 3 .032’ .0306 .0211 .0211 .0212
7 .c~ 3 ,o)l~ .0306 .0211 .02*1 .02*2
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¶

N;R ~~~~~~~~ BY W OPI A R R A Y  ( A N  c~~~T ) at Mt I P ~~ S 
~oa j.70u 2.7000 2.7000 2.9000 3.2000 3. 44 000  3.oooo 3,6000

S 4.040 ‘4 .0000 ‘4 , 0 0 0 0  ‘4 .0 000  4 .0000 41 ,00 0 0  ‘4 . O v O O

U vaLuI$( Ic~NT..) Ap40 YR YAI. (I~ 6 ((ONTS?). A? MAPTIME . 20
o .ote ,0080 .0073 .O~~?* .0075 .0073
6 .015 .0*13 .0064 .0u43 ,0(?2 .0059
o . 0* 1 4  • oOAl  .0060 .00S5 .00544 .005*
0 .012 ,0078 .0063 .00514 .(~~iI4 .0034
6 .0*1 .0060 .0057 .00442 ,0O~ 6 .0u26
0 .004 .0062 .0044 .0032 . 0 0 3 3  .00344
6 .009 .0062 .OOa’ .0032 .fl0~ 3 .00344
0 .049 .0002 .004, .0032 .00~ 3 .00344
1 .036 .0*93 .0*90 .01418 •.1211 .0238
7 .033 •0206 .0 *66 .01*4 .02 03  .0222
7 .033 ,o2*S .OIRS .0*69 .0*61 .0205
7 .0) 1 .42*6 .0201 .01R7 .~~*12 

.0156
7 .029 •0185 ,oi*a .0*57 .015* .01445
7 .021 • 0 2’) ) .01 7* • 0130 .0 1 4 4 4  .0139
7 .o27 .0203 .0*71 .~~l)O •0 % 4 4  .fl*S~7 ,n~ i .020) .0*1* .01)0 •~~1’4

4 .0159

~~~ co %.~.0~~ p 6 Y  s~ R &wR&Y (IN F~ !T~ I? N t I U ~ * 21
4 3.700 1,lOOu 3.7000 3.~~o~~0 *.Q040 4 .0000 4 .1000 44 .* 000
5 4.640  ‘4.6000 4.6000 4.6000 4.6000 4.6000 4.6000

ZR WA L.UE $ (TDNTSO) ANO YR Ya*.,!~~5 ~~~~~~~~~ 
a~~ M A P y ~~M~~u 2 *

6 .0*6 .007k •04o2 .0075 ,0074 .0003
6 .0 * 3  •o093 .4o62 .0o~~; .0007 .0070
6 .0*2 ,0u72 .oooo .ooc j  .005 5 .0056
0 .011 .0070 •004444 .Ov*i •4Ø14* .0037
o .0*0 .0053 .0053 •00143 .~*o3Q .0o31
0 .006 .0001 .00413 •*~ 37 .0o35 .0030
6 .008 .000* •03143 .f l o l  .003* .0030
6 .008 .000* .0o~ 3 .f l i i 37  .003* .403u
7 •0?9 .~~1aS .°l3’4 .0*6* .t9641 •D~ Q5
7 .026 .0190 .° I 5~ .°lSo .0 16* .fl t~~2
I •oZa .0* 03 •015~

) •01)8 ,0~ 53 .0 1*8
7 . 0 3  .01044 .01*0 .0*67 .°t’40 .0110
7 .023 .0136 •013 6 .01)0 .0 126 .0114
7 .022 .o b J  .0120 •OIla .01*3 .0*04
7 •0?2 •0107 .0*20 .0114 .01,5 .0*04
7 .022 .0167 .0120 .0*144 .0~ 15 .0104
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r

P4 00 rQ L~ 0o~ D 6’ N O R a I 4 R A Y  ( I N  F F ’ T)  A T  M T I M t I  22
‘4 3.500 3.5000 3.5000 3.’ooo 3.’000 4,0000 ~.1 000 14.1000
5 4.400 4,4000 ‘4.4000 14.”ufl o 14.14000 44 .4000 4.4000

ICR VALUL5C !0441.0) ANO YR VAL 1I~ 5 ( j lP~~t.1) AT ~4A PTII4C’ 22
6 .0*3 .0000 .0050 .Oue; .0001 .0u71
6 .u12 •~~~79 .005* .000 1 .0 05* .0002
6 .0 10  .0 007 .0060 • O O i j  ,00~~44 , 0v 36
6 .0 10 ,nOoS ,øøo9 .0000 .0 0 147 .003*
6 .006 ,n0149 ~~~~~ . 0 0 4 4 0  .0039 .003 3
6 .007 ,oOS$ .00~~0 •003a  .4037 .0039
0 .007 .00 58 .004 0 .00 34 ,0n~ i .0039
o .007 .0058 .00140 .0039 .0037 .0v39
7 .021 . 0 * 0 4 4  .0 20 % .0118 .013 2 .0 1Mb
7 .020 .0142 .0106 •A I~~9 .0120 .013 4
7 .029 .0132 .0120 .0 104 .0122 .013.
7 .oi~ ,n133 .oi~~I .0 *35 .0* 11 .00*9
7 .0* 8  .0* 10 .0110 .0 100 .010 1 .0090
7 .01o .0 13* .0100 .0000 .010 1 .01144
7 .01* .013* .0100 .000fl .4101 .01*4
7 .01 6 •ob3. .0100 .Ooon .01 01 .0*14

NCR !OLLOPIF D BY NOR APIRA Y ( IN ‘u’’ At  MT IM~ S 23
4 2.200 2.2000 2.2000 2.aono 2.6440 2.~ 000 2.0000 2.OoOO
S 3.500 3.5000 3.SoOO 3.Sooo 3,5004 3,3000 3.5000

ZR V A(.UI$(TONT.0) A~.0 YR VAI..tI!5 ( fo Nts ?)  A T  MA P T ! M ~~S 23
O ~~~~ .0041 .0014* .0 0 3 2  .00*5 .0058
6 .006 .0052 .00444 .00149 .00148 •00441
6 .007 .0099 .0050 .00143 ,AØ’*7 .uu5b
6 .007 .0047 .0050  .004 5  .0 0 4 4 0  .00 33
o .ooo •~~03S .0039 .0033 •003o .0039
6 .00* •00’444 .0032 .0032 .003* .0029
6 .000 .00444 .0032 .0032 .0031 .0029
6 -

~ .000 ~~~~~ .0032 .003? .0031 .0029
1 .013 ,00o3 .007 2 .C0*~ .000? .010%
1 .0 *2  .0061 .0o73 .00 *2 .00*3 .0004
7 .0 * 1  • 006 2 .0090 .007 a ,fl0* u .0093
7 .013 .0064 .0 103 .0003 .00*0 •0000
7 .0 1* .00*6 .0070 .0008 .0077 .0080
, .oii .0086 .0068 .0008 .0 000 .0069
7 . 0 2 *  •0080 .0008 .0068 •00o0 .0069
7 .0*1 .0060 .0068 .0008 .0060 .0009
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,.~~ø rOL~,0’.!0 8! M811 AN ’ 4 A Y  (~~~N !~~ Y) ~T ~T 1’~~’ 2’,
‘4 * . 3~ 0 1.3000 1.3000 1.5000 •,.‘Oo O 1.9000 2 . 2 0 0 0  2. 1000
~ 3,500 3.5000 3.3000 3 .SoOo 3.S40~ 3.3000 3.SoOo

KR VAL Ut~S(I0’~T’0) £N0 Y P I  V A L u ES (10,tst) A t MA PTIME . 29
0 .00. .0 030 .00 33 .0040 .0 0 044 .00 44 9
0 .046 .0034 .0o33 .0038 .0 0 4 2  .0044

6 .oos ,o03 7 • fl~~37 .003 2 .~~o’o .4 0 ” O
6 .003 .0031 ,0~ a5 .0030 .00 3 44 .0038
o .0014 • 00 20 .00 30 .00 29 .4 03 3 .~~03b
6 .0~ 4 .00 33 .0024 .00214 .0021 .0027
0 .004 .0033 .0020 .O v ?44  .0027 .0027
6 •004 •0033 .0o2a •Oo2M .00 27 .0021
7 .008 .0000 .0044 .0053 .406% •0Q70
7 .008 .0096 .0*i7 •00544 .0062 .0072
7 .007 .0055 ,0~ SS .0040 .005 5 .0064
7 .007 .00146 .0072 .0044 .~ 05b
7 .ocso .00~ 2 ~~~~~ .00 50 .4031 .0065
7 .006 .0057 .00443 .0043 .005 % .0051
7 .000 .0037 .~ oa3 .0045 .005 1 .00 31
7 .ooa .0057 .00’) s f 0 4 3  .~~O5t  .0051

7P4E FOLL.O44TNG AK E SUAGRID CIIINNEL 0~ tj. I VALUES ~N FE lt

‘4• 1 ICC. A JCCa I.Cx’.2Sin I7Cva .20 ( Y .  0 IlC~s 0 !0~ . $5
2 ICC. 8 JCC. 2 !.C51 2330 17CR. 20 DCI. 4 IjCv. 0 i0c. 15

~~ 3 fCC. 8 JCC. 3 2W C~ $ #860 12CR. .2* I~ CY. 2860 llCv . — 22 Dr. is
K~ 4 ICC. 7 J~~. ; I.rx. ~ xzc~. 0 lICY . o IZCY. 0 Dr. 13

3 ICCi 1 J10s 4 I..C~ a 2800 11CR. .21 DCV. 1000 IjCv. 2~ Dr. 15
‘4’ 0 ICC. 6 JCG . 4 DCZS 0 12CR . 0 INCYI 0 IZCy. 0 Dr. 15
‘4’ 7 lCC s 6 ICC. S Dcx . loon IlCi. 2. IwCv. 0 IZCY. 0 Dr. 15

0 ICOs 6 .1CC. 6 DCX. 900 12CR . 26 IWCY. 300 IlCy. I? DC. 20
‘4. 0 TCG. 0 JCG. 7 DCxs —000 I7CX. —21 DCY’ 300 IZCV. •*5 IF~. 20
‘4’ 10 I C C .  1 JCCa 7 I A C x s  0 I 7f  Xi 0 i.CYs .900 YZCY. .2. ~ P f i  20
‘4’ II IC Gs 6 JCGs 7 I,C~ * 0 T iC K. 0 I.Cys .Oufl Izrv. —2 4 Dr . 20
‘4. j ?  IcC. 8 JCG. * I.C~ s .9o~u 17CR . —2~ I.CYi 0 I7Cv. 0 DC. 20
~. I) ICC. 0 .1CC. 0 I.CA . 0 I7Cx. 0 IwCy. .000 IjCv. —2 g . I F r .  20
‘4. 14 IC C. 9 Jc~G. • DC.. •ono izcw . —2, IWCYu fl IZCY . 0 IFC. ?0
‘4. *3 ICr.. 9 .1CC. 10 DCX. 900 17CR. —lb IwCY. 0 !2Cy .  0 IO C. a)

‘4. 10 ICC. 9 JC~.. 11 DCX. 400 17CR. .35 IeCY. 400 tzC,. —~~~ 10e. 23
‘4. 17 ICC. 8 .1CC. ii DCX. 0 l7Ci. 0 idCYI 4440 IZC’. .33 Dr. 25
‘4. 1, ICC. 7 .1CC. 11 t— C*s 0 12CR. 0 1~ CY. 0 h ey. 0 ~~~~ ~5
‘4. ~‘ ICC. 7 .1CC. 2? 1~ C~ a —400 IZC~. 

.15 IcC Y. .400 I Z C y u  —3 ’ Des 23
‘4. 20 ICC. P. .1CC. 1, ZeCA . 0 Des. 0 DCY. 354 IZCY . ~‘3 De’ 25
‘4. 2 % ICC. S .1CC. *2 Dcx’ n IZc~. 0 DCV. 0 XZC v. 0 D r .  ?S
‘4’ fl ICC. S .1CC. 13 Dcx.  350 17CR. 43 DCV . 0 IZCY. 0 Dr . 23
‘4. 23 ICC. S .1CC. ia T.Cx. 330 17CR. .443 1~ CY. 350 IjCv. —~ 3 Dr. 2’
‘4. ?a ICO’ 44 .1C(.~ Ill 1~ Czs r, 17CR. 0 I s C Y .  0 ?ZCY. 0 De. 25
‘4. 23 ICis ‘4 .1CC. ~5 X .Cx .  340 17C ~~. —23 DCV . 0 12ev. o ~~~~ ~5
‘4’ 26 ICGs 5 .1CC. *6 DC.. n 17CR . 0 DCV. usiC IZCv. — ‘0 10C . 25
‘4. 21 fCC. S .1CC. *6 DCX. .400 17CR. •44 0 )‘4YS .4400 ZZ rv .  .30 70r. 25
‘4. 2* ICC. 14 .1CC. 10 IcC.. ñ 12CR. 0 DCV. 0 lZCy .  0 11r. ~5
‘4. 2~ IC C. 4 .1CC. 17 I C.. 400 I 7 C Y .  .30 IsCY. ISO I7Cv. —20 10 r. 23
‘4s  30 ICC, S .1CC’ I? Dcxi 0 17CR . 0 IcCY . 300 IZCY .  .30 ~~C’ 25
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‘4. 3 % ICC. 5 4CC. l~ 
*5.CA~ 4400 17Cr. —Ic I CY. 300 11Cr. —3U DC. 25

‘4. 32 ICC. ‘4 .1CC. 10 I CR. 0 X Z C R .  0 DCV. 0 UCY. 0 IO C .  25
‘4. 33 ICC. 4 4CC. ‘t~ DC

X. 300 17CR. •30 DCV. 0 IZCv. 0 IFC. 25
‘4. ;o ICC. 1 4CC. 17-1—CR . 0 UCv. 0 DCV. 0 XZCY . C 10~. 23
‘4. 33 ICCu 3 4CC. *6 DC.. iso I2Cv. —24 * I CY. 100 I Z C V .  —20 DC. 25
‘4’ 30 ICC. P JCG* 18 1.Cx. 0 17CR. 0 IXCY . 100 12ev. —20 De. 23
K~ 37 ICC. *0 4CC. lO DCX. 4’ 17CY. 0 I”CY. 800 1ZCv . —1? Pc. 25
K. 3~ ICC. 11 .1CC. 10 IøC*~ 1’ 17CR. 0 1VCV. 200 IZCV. — 12 DC. 25
‘4. 39 ICC. 12 ICC. 10 I~ C*. 0 17CR. 0 DCV. 200 12tv. .12 D~. 25
‘4. 44 0 ICC. 12 .1CC. 1 1 Ic~~. 200 17CR . —27 DCV. 200 12ev. .20 104. 25
1%~ 441 ICCu 13 4CC. II IcC*’ 0 12CR. 0 DCV’ 200 IlCy. —27 DC. 23

‘4. 9? ICC. 14 JCCS II INCA . 0 17CR. 0 luCY . 700 DCV. —2 7 DC . 25
4. ‘~3 I C C u l~ JCG • *2 IwC*. 200 17Cr. — 27 DCV. .200 DC,. —27 I’C. 23
‘4. aa ICC. 13 .1CC. 12 DCX . 0 17CR. 0 luCy. 0 UCy. 0 Dci 25
‘4. 146 ICC. *3 .1CC. *3 DCX. 200 17CR. 27 LuCY . 0 IZCYI 0 1FC~ 25
K. 40 ICC. 1~ .1CC. ~1 I.Cx. 0 17CR . 0 DCV. 200 1ZCy. 27 DC’ 26
K. ~7 ICC. 1’4 .1CC. %4 DCI. 3°0 22CR . .20 LuCY . 0 IzCv. 0 Pc. 25
‘4. 4* 1CG~ 15 JCG. % 14 DCX . o 17 Cx.  0 Lu C Y .  330 Dcv . —20 D~

. 25
‘4. 49 ICC. 15 .1CC. jS I .Cx . 360 IZCY . —20 luCy . 700 !ZCy. —20 D~. 25
‘4. 50 ICG~ 14 CC.. 13 DCx. 0 17CR . 0 DCV. 0 DCy. 0 I~’~ 25
K. SI ICC. 10 4CC. *0 I.Cx. 200 17CR . —20 DCYU 0 DCV . O De. 25
K. 52 ICC. 19 JCC~ 2 7 lcd . 200 17CR. —15 LuCY . 0 12Cc. 0 lOt. 25
‘C. 53 ICC. 14 JCGs *‘ IuCx . 100 17CR. .10 IcCy. 0 IZCY. 0 IPC. 23
K. ~~ IC C. 1’ 4CC. l~ DC

X. *00 17CR. — 10 DCV. 0 IjCv. 0 IFC. 25
*. ss ic*. 11 JC~ . at Dcx. 0 17CR. 0 ZuCU 0 DCV. 0 lOc. 9
Ku Sb ICC. 11 4C C. 1? DCX . 200 12CR. — 20  luCy. 200 laCy. —20 DC. ‘
Ks 57 ICC’ 10 ~Cr ,’ I? DCX’ 0 I7C~. 0 LWCY . 0 12ev. 0 Dr. 9
K~ 30 ICC. 10 .1CC. ~3 T C.. 240 TiCs. —20 LuCY. too IlCy. —20 Ire. 9
‘4~ 50 ICC. 9 .1CC. 13 Dcx. 0 DCX . 0 Dcv. 0 IlCy. 0 DC. 9
‘4S 00 ICC. 9 JCG~ 1~ DC* s  1 00 Dcx, .20 luCy. 0 IZCY. .1 tF~~ 9
Ni 61 ICC. 15 4CC. II DCX’ 0 1?Cx. u LuCY . 3u0 ljCv. •12 10C. 9
‘4. b2 I C C .  10 4CC. 21 DC.. 0 IlCw . 0 LuCY . 300 IZCv. —1 2 lOc. 9
‘45 63 .1CC. 17 JCG. 1% DCX . 0 17Cr. 0 I~ CV. •3(jO IjCv. — 12 lOt. q
‘4. 00 ICC. 16 4CC. ii DC*. 0 17CR. 0 DCV . —300 IZC~. —I l lOt. q
‘4. 05 ICC. 1, 4CC. 1% I .Cx. 300 17CR. .12 LuCY. —300 !Zty. .12 DC. 9
Ks oo ICC. 19 .1CC. 10 ~~~~ 0 17CR. 0 DCV . 0 IICY. a IO~. 9
‘4. 67 ICC. 20 .1CC. *0 lutz. 0 I Z Ci .  0 IWCYS 300 TlCy. —12 b C .  ~
‘4’ 68 ICC. 21 4CC. 10 DC.. 0 17CR. 0 DCV. 300 IZCV. — 1 2  DC . ~
K. aQ IC C. 22 JCO. *0 DCx. 0 17CR. 0 LuCY. 300 TzCV. —1 2 DC. 9
~. 70 1CC. 23 4CC. *0 l u t z .  .1400 17CR. — ‘40 I CY. 300 I2CV. — 12 10c. 9
‘4. 7* IC C. 22 4cr.. i DCX. —600 12CR. —32 I.CY. 0 I7~ y. 0 IF~. 9
‘4. 77 ICC. 21 4CC . 1 DCX. 0 12C R. 0 Dcv. 1000 lit,.  .10 DC. iS
K. 73 ICC. 23 .1CC. 2 DC.. loon I7Cw . — lb LuCY. 1000 17Cy. .16 lOt. 15
K. 7~ ICC. 2? 4CC. 2 Dcx. 500 l7Cs. .40 Dcv. 0 DCV . 0 lOt. 15
‘4. 73 ICC. 22 4CC. 1 I.Cx. 800 17CR . .32 IwCV . 0 DCV. 4 10r. 15
PC. 76 ICC. 22 JC Ci ‘4 DCx. 1000 IZCv. .24* luCy . o IjCy. 0 Dr. 15
Ks 77. ICC. 22 4CC. 1 IcCx~ t~~n~ 12Cr. .20 1— C Y. 0 DCy. 0 lOt . S
‘4. 76 ICC. 23 4CC. 5 luCia 0 IZ C s .  0 DCV. 4400 DCy. —40 DC. 3
‘4. 79 ICC. 23 4CC. 6 I.Cx. 400 17CR . ~0 IwCv . 0 !ZCY. 0 DC. 3
‘4~ 40 ICC. 23 4CC . 7 DC.. 400 12CR. 40 I I C V .  0 1ZCy. 0 DC. 3
C. 01 ICC. 23 4CC. 8 luCK . 44 00 17CR. ‘40 Lil y. .0 IZCV. 0 !OC. 5
K. 07 ICC. 23 4CC. 0 IuCx . 4400 12CR. 40 DCV. 0 IZCv. 0 Dr. S
‘4. 03 I C Cu 2’4 ICC. 0 DCx. o IZCs . 0 l~ CV . 64*0 ! Z C V .  .~ 3 P t .  3
K. 94 ICC. 24 .1CC. 10 DCz. .00 17Cv. —23 LuCY. 1000 IZCy. —20 lOt. S

96

-
~~~

- 
- ~~~~~~~~ 

•
~~~~~~~~~~~~

‘ ~~~~~~~~~~~~~~~~~~~~~ 
- 

. ..T



K. $3 lCG. 24 .1CC. 11 IwC*. 600 17CR. —25 I Cy. 0 I~ Cv. 0 lOt. ~$$ ICC. 244 4CC. 17 IuCX. 900 17Cr. —20 DCI. 0 IZCy. 0 DC. S
W~ $1 ICC. 244 4CC. 13 lutz. 1000 17Cr. .25 lu CY. 0 t iC,.  0 I$~ . S
‘4. $0 ICC. 25 4CC. 13 luCk. 0 12CR. 0 l’iCV. 1~

)00 IZCy .  .26 IO~~ 3
K~ 69 ICC. 23 .1CC. ii DCX. 44 0 0 IZCx. — ‘0 LuCY. 0 IZCV. 0 lOc. s
K. 90 ICC. 26 4CC. II DCX . ~ DCX. 0 luCY. 600 IZCv. .20 lOt. 3
‘4. 9* ICC. 27 4CC. 1 I’~CX. 0 I7CR~i 0 LuCY . 800 12Cy. —20 lOt. 5

02 ICC. 27 JCG. IS IwCX . $00 17CR. .20 luCY. 0 IZCy. 0 l’t• 5
‘4. 93 ICC. 26 JCGa 15 luCx. 0 17CR. 0 LuCY. 800 IZCy. .20 lOt s 5
K~ 9~ ICC. 25 4CC. 10 IiI.CX. 0 IZCx. 0 DCV . 300 11ev. —I? tOe. o
‘4. 95 ICC. 20 4CC. *0 DCX. 300 17CR. — 12 LuCY . 300 IZCy. — *2 lOt. 9
K. Qo ICC. 20 4CC. 9 1’~C~~ 0 11CR. 0 LuCY . 0 !jCys 4* DCI 9
‘4. 97 ICC. 27 4CC. 9 luCAs 300 17CR. —17 IW CY . 300 IZCY. — 12 10c. 9
K. 98 ICC. 27 4CG$ A DCX’ 0 12CR. 0 DCV . 0 DCV. ~ DC. 9
Kj 99 ICC. 23 .1CC. 6 DCx. 0 17CR . 0 LuCY . 300 IZCv. .12 lOt .  9

~~~~ ICC. 1 4CC. o luCK. 0 17cR. 0 l’CY. 300 12ev. t1 lOp’. 0
‘ 4 . $o t ICC. 2 4CC’ 4 luCK. 0 17CR. 0 DCV’ 300 IZCY. — *2 lOt’ 0
‘41102 ICC. 3 4CC. 4 luCK . 0 Z7C~. 0 lucy. ioo IZCVs .12 DC’ 9
‘4’1o3 ICC. 3 4CC. 3 DCX. 300 17CR. *2 Z’CCY* 0 UCy. G IFt. 9
‘4.1044 ICC. 44 4CC. 3 DCX. 0 17CR. 0 DCYs 300 Dcv. 12 Pt. 9
*uj~ 3 ICC. 5 4CC. 5 luCK . 0 17CR. 0 l.CY. 300 IZCY. 12 IFC. 9
‘4.106 ICC. 5 4CC. 0 IWCX . 300 11CR . •t2 IWCY’ 0 DCV. 0 Dci 0
Kilo? ICC. 5 4CC. 7 luCK . 0 ZZCV. 0 luCY . 0 DCV. 0 Ire. 9
‘4.100 ICC. 5 4CC. 6 lICK . 400 12CR. IS I~ CY. 400 IZCY. 13 lOt. 9
‘4.109 ICC. ‘4 3CC. 8 lu C K .  0 IZCx. 0 LuCY. 0 IlCy. 0 IO~. 9
‘4.110 ICC. 6 JC~s 9 DCx. 200 17cR. —Ia DCV. 200 Dcv. .10 lOt. q
‘4.11* ICC. 3 .1Ct4~ 9 luCKs 200 17CR. 10 DCV. 0 IZCy .  0 lOt. 9
‘4.112 ICC, 3 4CC. 8 DCX. 0 17cR. 0 luCY. 200 IZCy. — 10 I’C. 9
‘4.113 ICC. 2 .1CC. 6 IuCx. 0 17CR. 0 LuCY. 24*0 IZCv. .10 b C .  9

‘4.11’ ICC. * 4CC. 0 lutz. 0 17CR. 0 LuCY . 200 IZCy. —1 0 lOt. 9
‘4.123 ICC. 3 4CC. 10 luCK . 200 17CR. .10 luCY. 200 IZCy. —1 0 DC. 9
‘4.116 ICC. 2 4CC. 10 DCX. 0 17CR. 0 luCY. 0 IZty. 0 lOt. 9
‘4.$1~ ICC. 2 4CC. 11 DCX. 700 12CR. .8 LuCY. 0 DCV. 0 lOt. 0
‘C.11~ ICC. 2 4CC. *2 DCX. 200 17CR. •$ LuCY’ 0 IZCy. 0 IFS. 9
‘4 .129 ICC. 0 4CC. 6 IuC*. .400 17CR. .20 LuCY. 0 IZCY. 0 lOt . 9
‘4.120 ICC. 7 3CC. 6 Dcx. 0 DCX. 0 DCV. 700 lacy. —20 lOt. 9
‘4.12* ICC. 7 3CC. 5 IWCX . 3000 12CR. —12 LWCVU 0 Dcv. 0 lOt. 9

NYOROGAaPs GAGI LOCATIONS
‘4*01 . 1 SLOCIC N, I~ S J~ I
C A CI 2 CHANICLI. N~ K. 1$
‘4*41 3 •L.OCK ‘4, I. ii ~u 10
GaOl ‘4 CNANu1~. ‘4, II’ 2$
Gau 3 CMANNIL ‘4, ‘4. 46
GAGE 6 C$ANNIL p4~ Ku 77
CaGE 7 CM*PØ4IL U, K. 

~O0‘4*01 I CHANNIL ‘4. Ks 3
G*U 9 CNANN(L N. ‘45 02

KU 01.04 LOCAT IO NS
CHANNeL 11.0CN$ 1 71
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APPENDIX E

LISTING OF KEY ARRAYS AND CHANNEL AND BARRIER PLOT
FOR SABINE-CALCASIEU REGION
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~
. I KCKaIU Cev.sl• KCiDi a KCvu.i*i “Cia 1 ICC. .i JC;. 1 CEu p. p K(44J~ 0 113S 44

K. a uc.. I X C Y .1l ~ K C IP.  3 ueveuiP . 44CC. 17 1C .  S JCG. a ‘(‘.i. 0 44(44 * u 0 44* 1. 0
K~ 3 iiC *u a 44ev. . ~c.P.Ia. VP~ I?S P.C~~l *0 1C~ S iCC. 3 II 4 4 ( N J~ 0 III. 0
Ku • IC~.~ Ps “CY.lft KC 44~. ; ~cvP. 3 44Ci~ *7 IC;. 7 J~;. 3 K1N1~ 0 441’.?. 0 III. 0
PU S I C R ’  44 iCY. ~ ,cxp.iai ‘1CV D.I*a K CO U 37 ICC. 7 jIG . 44 ~1Nis 44 K~~44~~u 0 ‘1*1. 0

s sta~2o KC!.i2a ICXP. 7 ‘(CYP. C ‘1~8~ o Ic;. • .IC~~ u KE ’ . I .  0 ‘11’.?. 0 k*~ u oiu 7 ~~~~ • KCYut OS ICOP. P ~~~~~~~ 
,CNu 443 ICC. S jIG . S *(up .  0 ‘1t~ 2. 0 ~~~ 0

~~ • ucR u 7 ~~~~~~~ ICRP. S ‘1CYP’Pi* P.CCu 44 44 ICu~ 44 3CC. 44 ~E’.iu 0 ~ CN?. 0 ‘1l~~u 0
, ~~~~ S uCy.j07 ICKP~I1I C’.P’ ~o iCOs SI iCC. S 3CC. 1 ,it~~ ’ dl K(44ju  0 ‘1~~I .  0

‘1. 10 KCI’t?S KCV. 44 ‘iCi’.liø ‘4CvP • i~ IC~. 53 IC;. 7 31;. 7 ‘1144g. dl K
~~’.

jI 0 44 *1’ 0
uu I~ .Ci.ppI uCY. IC uCZP. ip uc,P.3?e iiCS. 3d, ICC. e jC;. 7 ,it’.~i 44 u~~qu 0 ‘1441. 0

I? ‘CX. 11 ~CY.t*44 44CXPSIJP ~CVP. 1 3 ‘Ci. eZ ICC. S 3CC. 5 ‘1(’ .lu 0 44~ 44~ u 0 II I. 0
KU I )  K C , . l ? i  u C Y .  2 44 C R ’ .  * 4 4  K C V P u I * R  iC.. 443 ICC. 44 jC;. S 441441. 0 .2. 0 ‘Ii i. 0
i. I~ iC,. ~1 KCY.I1iS ICKP. 15 ‘ 1CV PUI*4 “Ce. ?i ICG. 44 JCG. 0 i(’.~~. 44 44(’ . j. 44 ‘p2. 0
KU IS .C.. II uiCYui2b I I CRP.  lb ‘1CVP. ~7 ~Ci~ 73 iCC. 44 3CC. *0 uC’.~. 44 ‘1~ N~ u 0 K*~~~ 0
44. 1~ *Cs. 5 ICY. *7 KC,•.I*a KCYP.I?P 44C44. 0 iCC. s IC;. II PEup u 0 I~~44?u 0 CII. 0
I. 17 ‘1C..l?s uCY. 15 ,iCxI.I2e ‘1cvP. *s ,Ci. o ICC. S je;. II KENpu  0 KE ~~lu 0 I II .  0
K . *5 I C * U I ? e  I C Y .1? S CC X P.  j5 K C V P ~ 17 ‘CC. 0 I CGu 7 3CC. II ‘11 1. 0 ‘(E’ .?u 0 4444 1 . 0
~. is ne.. 15 iCY. JO I I CRP .I ? *  .Cvu.1ze ‘1CC. 44’4 IC;. 1 je;. a .fuj. o ‘e~2. o ~~~ o
KS 20 .Cx.i25 K CY u 21 KCRP.t2i ‘1C,P. *0 11c5u 5) ICC. 44 3CC. 1* ‘4(~ 1. 0 44f 44~ u 0 K44~~. 0

H *C~’i 2S uCY .l*S ~~~~~ ~~ wCVP. 20 ,1C44S 0 i~~ u S 3CC. 12 * 544 * 1 (I ‘1FN~. 0 1*1. 0
22 ICCx~ 2* KCY .12$ *C* P. 23 ‘1Cv’.l?s K~ 44. 5~ ICi~ 5 3CC. 1) ~

(
~t’ 0 KEN?. 0 1441. 0

‘1. 2) .C~~. 22 iC Y. *44 ICRIS 26 ‘1CYP.l?l itS. 00 IC;. S JC~~ *4 441441. 0 k(h~~. 0 440 1. 0
*. *, ‘cx’tao .iCv.IEe 44Cr’. Z~ *CvP. 23 $C~. 0 iC;. a 3CC. l~ 1(441a 44 ‘(44?. 0 4444~ a 0
*. �s .c~. ~a g~~y . j~~~ ~CrP. as .cv~. 2~ uC~. 0 ICC. u 3CC. IS ‘(NI. 0 .44(44 2 .  0 ‘1441. 0
s~ ?~ PC.. 23 P.CY. 23 KC RP. 27 ‘CYP. l? s  iCe. 0 ICC. 

~ JIG. *5 1(441. 44 k(44~ u 0 v.11. 0
44. 27 iC~

$ Pb iCY. Pa CR1. in .Cv’.i2s uCi. SO IC;. 5 JCC. 16 IENp. 0 ‘11’.?. 0 44*1. 0
44. 244 44 Cr. 23 KCY.IP5 KCZP. 344 ‘ 1CV Pu 2, iCC. 0 IC;. u 3CC. 15 PiNlu 0 KIN?. 0 44 *1.  0
K. 20 ,,Cp. 20 u CY. 344 ICXPI 3* uCvv . Jo KCO. Si ICC. a JIG. I? ((P,~~. 44 44(44 ? ’ 44 K i t .  0
44. 344 CCX ’ 27 C CV. 29 Cd l. 1* ‘ 1CV P ’l?P ~iCC I 0 ICC . 5 j~;~ 17 44 (44 * .  0 W(N~ u 0 “SI. 0
KU 31 iC~ u 30 uCY. 1 . ~C.P.IJu ICVP .1244 CCC. 0 ICC. S jc;. is ‘1(44*. 0 KEN?. 0 K*~. 0
Ks 3? 44C0~ a icy. 3g KC XP. 33 ‘1CSP. 31 *co . 0 Ic;. . ~e;. is KENt . 0 KIN ? .  0 ‘1441. 0
*. 33 iCis 32 ~Cy.l2S iC.’.l2* iCv ls lP* CCC. 0 iCC. —44 3CC. tS PINt. ~ KCN2 U 0 K~~Is 2
Ku 3~ KC~.t?C IC CY u i?5  ‘1CZ~~ 3j PCCY ’u to ICe. 0 ICC. 3 3CC. *7 KENt. 0 Kf NJ ’ B 44 *3 .  0
K~ 35 sC m . 344 ICY. is KCXI.ile ~c,u. 3? 44CC. 0 ICC. i jC;. is 44ENp~ 0 *ON2U 0 11*1. 0
‘1. 3k I C X~~1 S  dCCY.123 Kt44 ’ . 1?44 KCVP. 3; ICe. 0 IC;. .? 3C;. Is 44(

~ t. 44 1~~Pd~~P 0 Cii .  0
44. 37 ICs.~~2e K C Y .  *5 KCRP.I3* KCVP. is PCI. o ICC. 10 JIG. 10 44t441. 44 ((1.3. 0 *441. 0
Ku 15 ‘Ca’*25 ICY. 37 44CRD. 5; iCip. iS 44CC . 5 jCCu 21 3CC . 10 ‘1(44,. 0 KEN?. 0 44*1. 0
Cu 344 iCx.1J5 CCV . 344 441441 . 440 KCKDIIZA 44C R. 0 ZC~~ j JIG. 10 ~~~~~ 44 ‘4(442. C III. 0
‘1~ s o I Co. 39 CCV’ 33 CCR ’ull* 44CVP. a t  ‘CC. 0 ICC. 12 3CC. 11 44E N~. 0 ‘1(N3. 0 v.442. 0
‘1. SI kC iu tPS  ICY. so ICXP . 444 

~~~~~
. s~ ‘1cd. 0 1CC~ 13 3CC. II C(’.I. 0 ‘1EN?a 0 CII. 0

‘1. •~ Idx. i?5 CCV. 51 ‘1CXl. 44 ;  ICY PI 
~ * CCC’ 0 ICC. I. JC;. Ii KtNj. 0 CI’.?. 0 III. 0

Cl 53 I C R. 5? ‘iCY~ ~O 44 C44 1. lb ‘ (CY P u I P S  44CC. 55 ICC. Is 3CC. 2 CCu(u 0 KEN?. 44 KI~~u 44
K. s~ ICR. .1 ‘1CYsl2a ‘1CKP. 4444 ICIPU 53 CC.. 0 ICC. *3 JIG. 22 4 4 ( 4 4 , .  0 l(43l 44 44l~. C
KS 55 44C,. sl~ IC,.l?s iCxl.l iA ‘1Cv~. is lidS. $7 ICC. *3 3CGu 13 KC ’ .t~ ~I KEN? . 0 44*15 0
44. .

~ 
44 CR. 443 44~~Y5 55 ICRPS 447 KCVPu IPI P. C 44 U es IC;. I s  31;. I i  44! Np. 44 KIN2l 0 CII. 44

Pu $7 IC.’ IS KCY.i2e KCRI. SO ICYP U 05 ‘(Cdt . 0 ICC. Ia JIG. 15 KENju 44 ‘(I~12. 0 ‘1*2. 0
KU IS I C R u 1 ? d  C C V. 57 I I C R P S  445 K C V P a I P C  ICC. 0 ICC. 13 3CC. Ia ~(Nt. 0 K(td~~U 0 44*1. 0
441 ii 44C*~ SI CC!. 55 ,CR’.llu ~~~~~~~~ iCS. 0 ic;. is jIG. 5 ~Eu p. 44 K~ 443. 44 ‘111. 0
CS 50 ‘C*~ 57 ‘I C Y . 12S CC*•. Cl K~~vp. 55 CCC. 0 Ic;. *5  31; . *3 44 (44~~~ 0 44144*. 0 CII. 0
Cu 31 ICi. 30 KC’.I?C CCRP. 32 44CV I’ I25  *C bS 0 iCC. 15 3CC. 14 441441 . 0 K~~N~ U 0 CII. 0
‘U 52 44 CR U ‘11 KIY.I26 ~C iP. 33 *CVP.I2S kCs. 0 ICG. Is JIG. *7 441441. 0 KIN?. 0 ‘1*~ u 0
C u Sl RC R u  3? ‘1CY.l?s CC.’. 35 ICv~ .l?e ICS. 0 ICC. *1 3CC. *5 KIui. 44 qt q. 0 III. C
K. 5, d’Cxu 33 ‘(C’siis ‘1CXP’ l iC ~cv t’.iP. IdSu 0 ICC.—ia JIG. 144 KENl~ ~ 44(44 3 . 0 440 2. 3
‘.5 33 IC R. 35 I~ yu~35 ‘CR1. 3’ ‘Cv’. ~0 CCCR 0 ICC. I~ 31; . II CINI. 0 44 1442 . 0 III. 0
C. 5~ I C O S  53 KIT. Si CC RIS I 244  K Cv l . t ? s  44 CC. o ICC. II 3CC. *2 441441. 0 KEN?. 0 4401. 0
15 5? KCRUI?S KCY .l?5 ICK’. 50 ‘ICYP. Sb ~CS. 0 ICC. 10 316. 1? C E Nt S  0 ‘1I’.*. 0. 44*1. 0Ku ‘IS CCX U 37 CCV. 30 K C I ’.UI l~~v lu t 2 5  ICC. 44 ICC. tO 3CC. 13 CENt S 0 KIN?. 0 CII. 0
Ku 30 44 C %~~i74 44CV.l2 I CC.I. *0 *CYP. 55 NCR. 44 ICC. S J IG . *3 ’1E~~I .  0 *1442 ’ 0 CII .  0
IS S O ‘Cia 30 44CY.12$ KCRP.115 ‘1CV’.*P$ 44CC. 44 ICC. ‘S 3CC. Ii CE44~. 7 44(W~ a 0 CII. 0
K. •% ‘C~~ tPS ‘.CT. 1j 44Cx’.laS N~~y~~l 42 iC~. ~5 ICC. *3 3CC. II *CI’~~S Id 44 144?. 0 ‘01. 44
K. Si ‘t0 ’ IiS CCV . SI KC$l.la, ‘ICY” 4) 44 C I*~ 70 ICC. *~ 3CC. II ‘t ~~*. 0 ‘1(N~ u 0 ‘(lIe 0
I. 44 3 CC* SjPS  atY u  bj 44t ,l .I1I CCVII 4$ liEu . SO ICC. 17 JIG. Ii K ( 4 4 j 5  0 ‘1(44? . 0 44I~. 0
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44 ICK’1~ 5 CCV. 43 ‘(C,”.*~ l K~~VI. 
~~ 

CC C U SI ICC. IC 3CC. 11 ~ENi . 0 44(4425 0 Ill. 0
CS 45 ICR. Sb ‘(CV. 44 CC$P.121 KCVP .IP* PICS. 53 ICC. *44 jIG. 11 lEN, . 0 K(N~ u 0 III. 0
Cu ss ‘CR5120 KCY.I25 ‘(Cr’. 5K (C~~1s ~7 ‘(Col 0 ICC. 19 JIG. 10 ‘11441. 0 ‘1!~ ?’ 44 CIIu 44
CI 47 KCRu 1P P ‘(CYI 44 * CX 0 . I 2 0  KCVP. 49 CCCU 74 ICC. 20 JIG. *0 ~~~~ 
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APPENDIX F

Ii~ENTIF ICATION OF GAGES
FOR

SAB IN E-CALCASIEU ASThOTIDE CALIBR ATION

Gages for Sabirte-Calcasieu astrotide calibration and
time sequences of accepted astrotide simulation at those
gages for 72 hours are identif ied.  Also included are
listings of the channel output at t 30, 60 , and 90
hours. For explanation of each column see Appendix
C , 7 ,b.
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50 35 II 0 .000 0. 0. .501 III. I15. .500 0. 5. 0. I.
55 50 $0 0.000 0. 0. .505 Ills •l1. .505 0. 0. 0. 0.
53 37 33 0.000 0. 0. .501 .35. .300. .100 0. 0. 0. 5.
5* IS 31 0.000 0. 0. .508 .000. .350 . .500 0. 0. 0. 5.
51 $I I’ .505 $3 0. III. .400 .005. •$II. .503 0. 0~ 0. 0.
55 1* 00 0.500 0. 0. 0.000 0. 5. .502 0. 0. 0. - 0.
57 50 00 3.000 0. 0. .505 .010. .155. .500 5. 0. 0. 5.
50 51 30 0 .000 0. 0. .500 .11, . .154. .100 0. 0. 0. 5.
•0 aS ~s 0 .000 0. 0. .1*0 .355. •3~ 3• .550 5. 0. 0. 5.
10 443 to  .155 573 , 340. •SIS •lbl. •Iia. .3*3 •. 0. S. 0.

C.0~..tL 0 5 . 0 ( 8  5

71 .444 I .137 47555. 5)555. 0.000 0. 0. .3.1 0. 0. 0. Is
144 5) 1 0.000 5. 0. .103 51’). 1344* • .100 0. 5. 5. S.
~~ 3) 5 .300 7544l~ s..a. .55* •5~ 5). .3515. .313 5. 5. 0. S.
00 so , .553 *os5 ~ ISSOI. 0.000 0. 0. 330 0. 0. 0. 5.
75 45 0 .33* 440550. 448.03. 0.000 0. 0. .5,0 0. 01 S~ S~75 U * .3144 50503~ IS)33. 0.000 0. 0. .555 5. 5535. 0. 0.
70 U 1 .1.5 S)53~ 1*50. 0.000 0. 0. .57) .4445*. 5325. 5. 0.
75 3) 5 0 .000 5. 0. .373 7345. 5005. .550 5. 5. .5503• 5.
75 43 ~ .300 IllS. SOIl. 0.000 0. 5. .155 0. 0. 0. 5.
50 44 1 7 .507 0033 .  1~ I$. 0.OO S 0. 0. III 5. 5. 5. 5.
II 5) 5 .555 90*0. 1055. 0 .005 5. 0. .135 5. 0~ 55 5. -
ft 44) 0 .5544 IpSO. lOSS. 0.000 0. 0. .015 0. 0. 5. 5.
53 44o I 0.000 0. 5. .153 510*. .10044 . .555 0. 0. .1350. 5.
SI 5S 55 •3~3 .i5S5~ .1115. .101 )SI. 335 . .510 S. I. S. I.
$1 444 31 •15~ .1101. .015). 1.000 5. 0. .1St I. 0. 0. 5.
55 50 00 .3544 .13 443. .0055. 0.000 0. 0. .17) 0. S. 0. S.
41 2’ i .175 .ioo.. .105). 0.000 0. I. .155 0. 5. 5. S.
IS 51 3) 0.000 S. 0. .305 .335). .I$S3. .550 S. 5. 0. 0.
0* 51 II .540 .110). .00 54. 0.500 0. 0. .314 S. .15. 0. 5.
•0 55 $5 0.000 0. 5. .535 .1310. .7.0. .1.? 5. 0. III. S.
5% 57 35 0.0S0 0. 0. .301 .755. .7~5. III 5. 5. 5. 5.
*44 57 $1 .311 .71*. .773. 0.000 0. 0. .105 5. 5. 5. 5. -
53 .445 II 0.000 5. 0. ,305 .7~ *. .550. .10. 5. 5. 5. I.

CN55~ t5. 04,00(8 7

IS 55 30 0.005 0. 0. .140 ls). 355. .155 0. 5~ 5~ •~51 iS 30 .101 .335 . •110. .105 35,. 445,. 5*3 0. 5. 5. •.
55 as I 0.005 0. 0. 0.500 0. 0. .155 0. S. 5. o.
*1 5? 5 .335 .05. .$S5. •5,5 ~~~~ Is. . ‘os 5. o. .. o.
05 1’ 5 0.050 0. 0. 0.500 0. s. .3*5 5. 0. 5. 0.
el .50 5 0.000 0. 0. .301 55. 0. Is. a. o. ~~
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r
g~o.sg~ I35(. 0

$S5 II • 0.000 0. 5* .350 5. ~U. .310 5-. 5. 0. 5.
353 44 5 0 .003 5. 0. .130 .0). •100. .535 5. 5. 0. 0.
355 ) I S f550 5.. S. 51$ .305. .355. .115 5. 0. 0. 0.
053 3 3 .31~ .105. —501. 0.000 5. 0. .513 0. 5. 5. 0.
III 5 1 0.00 1 5. 0. .314 003~ .lIoI. .111 5. S. 0. 1515.
$51 ~ , 5.005 5. 5~ .55) .535,. .5)53~ 350 5. 5. 5. 5.
355 3 s .1.1 .44).,. .44177. 0.000 0. 0. .110 S. 0. 0. 5.
IS’ 1 .555 0. 0. 0.500 5. 0. SI. 5. 0. 0. I.
15$ 1 5 .554 5503. flIt. .070 .50.. .347* .  .05 .3215. 0. .3073. 0.IS, S 0 0.4400 5. 5. .571 0. 5. .875 S. 0. 0. 5.115 S I .570 535. ill. .575 •$ I5. .ipo • .S75 0. 0. 5. 0.
Ill I I .571 .7). .00. 0 .000 5. 0. .071 I. 0. 0. 5.
tot 3 S 0.0*0 a. I. .05 .55. .7). .471 0. 0. 0. 0.
III 44 5 0.001 S. 0. .573 .1.. .0. .071 0. 0. 5. a.
III II 5 0.000. S. 0. .071 0. •440 • .071 S. 0. I. S.
(105315. SEIC” I

III 3 05 .071 05. 744. .571 .57~ .75. .571 0. 5. 0. 0.
035 44 $0 0.000 0. 0. 0.0*0 5. 0. .071 I. I. S. 0.
ii ’ S Ii .515 07. 03. 0.000 5. 0. lU 0. S. 5. I.115 .5 5 .575 5). 0. 0.000 0. 0. .073 0. 5. 5. 0.
(8055(5. 54,0~ .s 30

333 5 5 .151 5375. 51)3. .513 0. 5. .151 5. 5. 0. 5.
lao 0 5 .171 s. 0. .551 53’1. 5. .150 5. 0. 5. SIl l.
(0555(5. 5laC~ II

Iti .7 9 SOs asals. 5)153, •5li 0. 0. .315 10. 5. 0. 0.

005.U”E 00 801(0 450*1 055. • 1.37.0 p30.5.3050 OP CU ‘7(,, 1 Slo— *50 50.1 t80 J. 3 II! £IC*340*~ 3

C~ o5h(1 144759? III “045. 00 8738(5 1)15

• *05.035 I’. OftY . 84.5. S 50 4.UI$ lip (05

I 3 J “I 5*” 050 MI 575 SYP I( 05? SIP 57? 500

Clolsil •(0(. I

.5 I •.?I0..~ sos7..lOS033. 0.055 0. 5. 1.111 0. S. I. a.
44 0 P •.~~$%.I.,0II..l0i’S3. 0.055 5. 5. ..I)$ 0. 5. 0. 5.
1 5 1 1.I) 3 . .ØOI I3 . .3000 05 . .111 5)553. 000501. .5.0 I. .0. 0. •3053l.
I 7 0 0 . 0 0 0  5. 5. 0.500 0. 5. .101 0. 0. S. S.
~ ? o .lii .53S’3. .53754. .015 11510 . $SSII. .155 0. S533~ 0. 11
S S . 0.050 0. 0. 0.000 5~ 0• .I$S S~ S. 5. S~
~ 5 0 . 5555  .5 l I5~~ ..sII . .51? 5. 5. 551 515). S. 5. II
I 5 5 .5 55 .5530 . .3517. .355 o~ . Il l. .30, 0. S. 0. 5.
• 5 7 .153 .3,e1. s14$*. .500 .33)7. .300 5. .55, 5. 5. S. 5.

IS 7 7 0.000 5~ 5. 555 .545). .Oa~I. .301 5. 0. 5. S.
II 5 7 0.000 s. 0. 355 •S44~ s• .ISsI • .53) 5. S. S. S.
Il 5 5 .113 .7000 . .ISSS. .5S0 5. I. SD S. 5. 5. S.
II S I 0.505 0. 0. .033 .1s15. .?*5,• .505 5. 5. 0. 0.

0 5 5 .43) .70544. —5.0). S.SOS S. 5. .47 3 5. S. S. S.
33 I IS .s7~ •550). .si’a. 5.151 o. 5. .553 5. .3134• 5. 5.
Is S j3 .505 .1$5

~ . .1530. .,$0 5051. ISIS. .535 5. 5. 5. 5.
I’ S u 0.500 0. 0. .,aI 5,57. iSiS. .OIS 5. 5. 5. I.
IS , II o.oos s. 0. 0.000 5. 5. .711 5-. 0. 5. S.
• 7 5 .91 .44*57. .43)5. .7.. no,. 050. .1)4 I. S. 5. 0.

5I 5 $5 0.005 s. S. •~ 5T l55,~ 5455. .95 5. I. S• S.
51 1 31 0.000 S~ 55 0.SS0 S~ S. .707 5. 5. 5. 5.
ft 5 53 .1.5’ .7555. .535). 5.SSS S. 5. .715 5. 5. 5. S.
53 5 $0 135 .509. .5554s .75? 30 33. 5555 . • 750 5. 5. 5. 5.
SI I II 0.000 0. 5. S.S50 5. 0. .151 S. S. S. S.
5, 5 Il .9? .tl3S. .1035. 0.005 5. 5~ p 175 0. S. 5. 5.
45 5 5 .~~.s 5. 5. .170 • l5~.. .i7,s. .?SI 5. 5. 5. 5.
5~ , ~ .~n .%?S5~ .1535. .79 351. 115$. .75? S. 5. 5. S.
4$ I II .7~5 0. 5. S.O.S 5. 5. .91 5. 5. 5. 5.
ii 0 I~ .155 .~343. .0.15. .750 73. 35). .95 5. 5. 5. 5.
30 5 t O .157 5. 5. ~I55 .15?) . “lIpS. ~75l 5. 5. 0. S.
)I 1 II .~~~1 .5)04. .1153. .505 30 5 5. ilpI . .110 5. 5. 0. o.
)5 S 0 .155 0. 5. .OSI 5. S. .555 5. S. S. S.
0) .5 I~ .S05 .5155. •3315. S.SSS S. 1* .513 5. 5. S. S.

CoOhS( 5. 511C38 5

55 5 57 o.00 S 5. 0. O ilS S. S. .155 S. S. 5. S.
05 3 . .730 ~~~ .55. .50 5 . a5. .0SS S. 5. 5. 5.
36 .44 S 5.ISS 5. 5. s 5I~ I. 55. .555 0. 0.- 5. 5. - ,
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(.0534,5. 111(4 3

)7 $0  35 S~I55 5. 5. .553 .031). .135, .944 S. 5. 55.. 5.
)S SI I) 0.350 0. 0. .74444 .S3S. .53S~ .133 5. 5. 55. 0.
)I IS II 5.005 I~ 0. .753 .511. •1ISI. .155 5. 5. .350. a.
00 Ii II .750 .5501.  .133 0.  .05 44 15$. $5? . .0*5 5. I. I. a.
SI I) II 0.00* 0. 0. .05 0 .1530. “ lOSS. S4. 0. 5. 0. 5.
St IS II 0.000 0. 0. .554 .I5SI. .55)~ .511 I. 5. 0. 5.
5) II 1 .5)) •~j35 -.1043. .0S1 ISIS . $570. .501 5. 5. I. 0.
05 13 44 .555 5. 0. 0.SSS I. I. .555 5. 5. 0. S.
II II II .SSS .14415 . .3320. I.$S0 5. 5. .575 I. S. S. •.55 II I) .S5S 5. 5. .011 .lfts. .5555. SOs 5. 0. 0. 5.
5? 5 0 .SS5 .j31. • 3475. 0.00. 5. I. .501 5. S. 5. 5.
IS IS II ~~~~ o. 5. .5°i .sl,l. .1337. .557 I. I. S. I.
SI 55 33 .aI~ .I)l~~. .3)5). .555 IllS. Ohs). .551 0. I. 0. •.
SI 30 11 .011 5. I. 0.SSS I. I. ‘IS I. S. I. S.
SI I’ IS .115 .5315. .3,15. 0.050 0. I. .000 0. 5. 5. •.
344 30 3~ .511 .IISS. ~35 544~ 5.500 0. 0. •I)44 S. 5. 5. 5.
33 IS 35 .155 .,.s5. .5850. 5.505 5. 5. 1.150 0. 0. 5. •.
35 .1’ 00 solO .105. .1305. 0.SOS 5. 5. 3 .4415 I. 0. 5. 5.
(.05*4,5. 014(5 .

35 II II .755 5~ 0. 0 .050 5. I. .0544 5. 5. 0. S.
II $ 3 Ii .5445 .500. .74. .05) SI. 75. .S5S 5. 5. S. S.
3~ 30 51 0.000 0. I. 0.050 0. 0. .0)3 0. 0. 0. 5.
3S 30 3) .S)3 .lI~ .5,. •535 44. ~5. u s  S. I. 5. 5.
30 • 51 0.000 5. 0. 0.S05 5. 5. .535 5. 5. 0. 0.
55 ~ II .013 .3?. I. 0.551 0. S. .SSS 5. 5. 5. 5.

CSSS’I15. 015(5 3

53 1 II 0.300 5. 0. .043 SOt. 50.. .033 0. 5. 0. 0.
544 55 II 0.000 0. 0. .15) 555. IpO. .000 0. 0. 0. 5. -
.1 l~ 00 5.000 0. 0. •555 3445, iii. .705 0. I. 5. 5.
50 IS II 0.000 0. 0. .71. 355. US. .773 I. 0. 5. 5.
•5 30 II .150 .510. .3440. .773 .1.. 355. •?3o S. S. S. S.
5$ II IS 0.550 0. 0. 0.050 S. • S. - •7)5 S. S. 5. 5. -

.7 445 IS 0.000 o. 0. .715 SIS. 755. .755 0. 5. 0. 5.

.5 ao II 0.505 5. 0. .755 7544 . sea. .575 5. 5. 0. S.
55 U II 0.000 5. 0. .~ 75 505. ~I$. sSSs 5. 0. 0. 5.
7~ U ~ .357 .p~ .S. .44sIS. .~ IS I~3. $557• .501 0. 0. 0. 5.

(0055(5. ‘SIC” s

7% .445 I ..71* .50557 .5)533. 0.000 0. 0. ..335 0. 0. I. 0.
15 53 $ 0.000 5. 0. •.135 •13155. .50433. .~0)I 0. 0. I. SI
73 5) 44 1* 531 “ I’ ll). .9)0. “ .30) 7313. I3~4~ — .370 5. I. 0. S.
7. ft 44 .,3$5 •..~Ij .)S3S5~ 0.000 0. 0. ..153 0. 0. I. 0.
?S it 3 •.)I1 ..5575s .81)11. 5.050 0. 0. ..SI$ S. I. Is 0.
Is as S ..053 .o0 377. .31515. 0.000 0. 0. .300  0. .11.11. 5. I.
77 as 5 .050 .aoII.. .75*5 0.500 0. 5. .455 •$IOI~ . .37Jl5~ 0. 0.
15 al S 5.505 5. 5. a’S .7504. .5313. .305 I. 5. )IS5. o.
75 5) 5 .355 .033). .5510. 0 .000 0. 0. SOS 0. 0. 5. 5.
S5 5) ~ .01 .0I3S. .)?l1~ 5.000 0. 0. .ssl S. S. I. S.
it a 5 .557 .~ ISs . .35ll~ 5.050 0. 0. .137 I. S. S~ S~Si 5) 5 .317 .3515 . •)053• 0.000 I. 0. .557 5. 5. S. S.
5) 55 0 • .IOS a. I. .557 .S?l. s)S~1~ .551 0. 5. .1015. I.
•~ a. IS .505 .1515. .1111. .543 .3555. .1181. •537 5. I. I~ S.
51 55 II .5,? .3751. .1057. 0.150 5. I. .435 I. 0. 5. 5.
Is a’ 5? .015 .0s0?. .3055. 5.505 0. 0. .4*) 0. 0. 5. I.
51 440 II .5.1 .50,5. .5755. 5.001 5. 5. •753 S. S. S. S.
S. 445 $3 0.00* 5. 0. .70) .44755. .5.55. •‘sa ,. 5. ~. s.
is as 5 .154 .445044. .3510. 0.000 0. 0. ~7s~ 0. .305. 0. I.
CI JS IS 5.500 5. S. p755 “ ISIS. .335I~ .735 I. 5. 557. 0.
II 44? 5 0.000 5. S. .115 •1355. .137,. .90 5. 5. 5. 5.
55 57 II .755 .,l”. •l0~. 5.055 5. 0~ s ’47 0. I. I. S.
53 .445 II 0.505 S. I. .151 .55~ .SlØ. ~? 4S 0. 5. S. •.

C~a5o(5. 5(5(8 7

55 Ii 0 0.000 0. 5. .557 .03*. .711. .555 I. I. S. 5.
Si as $0 .575 511. ,sa. s555 .710. 13544~ 535 5. 0. 5. 0.
55 iS 5 5.005 0. 0. 0.500 5. 5. .410 I. 5. 5. I.
•, a, I .55) II). 1044. •~ 7S ..,5. .303. .571 0. 0. 5. 5.
•5 57 5 5.000 0. 5. 5 .501 5. 5 . .50) 5. 5. 5. I.
IC .55 5 0.050 $. S. .555 .333 . I. .505 I. 0. 5. 5.
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Pt

Ce1851L .14(1

ISO .0 I 0.000 5. 5. .70) 0. .0. .701 5. 5. I. I.
050 44 I 0.000 I. 5. .70? 55. $31 s •500 5. 0. I. 0.
IS1 3 I 0 .000 •. I. ~I0 ~.. l5S~ .003 I. 5. 0. 0.
II) 3 5 sOS toO. 350. 0.000 5. 0. .515 0. 0. 0. 0.
000 8 5 0.000 5. I. .501 500. — 350 .  .555 5. 5. 0. 017.
III S I 1.001 0. 0. .5.5 .053. I55~ ~531 S. I. I. I.
III 3 5 .s37 .40. 05. 0.000 0. 0. .s. . s. o. o. o.
II, 5 7 .SSI 0. 0. 0.000 I. I. .504 0. 0. I. I.
550 5 5 .000 3131. 3555. ~5SI 70. .3C55~ .131 .555). 0. .2050. 0.
115 S I 5.111 S. 0. .450 0. 0. .SSI I. I. 0. 0.
III I I .5.5 .?3~ l5S~ .505 03. 55. .555 0. I. 5. I.
Ill 3 0 .SS0 35. 54. 5.000 0. 0. .S5S 5. 5. 0. 0.
Ill 3 S 0.00. 0. 0. .551 II. IS. .550 5. 5. 5. 0.
I II S S 0.000 5~ 55 ~5I$ 3. 30. .551 0. I~ S~ I~315 .1 5 5.050 5. 5. ,51I 5. 3. .505 5. 5. 0. I.

(~.5555j. 555(.. I

IS I IS - .555 .9. .15. .405 5. 35~ •SIS 0. 5. 5. 0.
ItS t IS 0.000 5. 0. I.S5O I. 0. .555 0. I. 0. 0.
537 5 II .500 .5~ .0. 0.001 0. 0. .555 0. 0. 5. I.
III Ii IS .S.S l5~ I~ 0.505 5. 0. .700 5. 0. I. 0.

(I450I5. 1(1(0 30

3 35 5 5 .500 .3?7~ 1. .5)3 I. I. .107 0. 5. 5. 0.
ISO .~ 0 .555 I~ 0. .157 5. 0. sI. 0. I. 0. II.

(~55*(5. 0(0(0 II

III 17 1 053 .1350 5. .0331* . .SSI 0. I. .SSS 100)5. I. 0. I.

VO~U.( OP .57(0 00031 155. • 0$30~S 015.5.1005 OP (U 07
5?o5 5(*.055 505$ Tnd~ 3u 5 II 1014.4000)
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APPENDIX G

IDENTIFICATION OF GAGES
FOR

SABINE-CALCASIEU HURRICANE CARLA VERIFICATION

Gages for Sabine-Calcasieu Hurricane Carla verification and
time sequences of water level and flow at the identified gage
for 60 hours are identified. Also included are listings of
detailed channel output at 30 and 60 hours. For explanation
of each column see Appendix C,7,b.
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.1740 5.1041. ,70000010W$ (OT ) ~PI0 *17 05.fl..5 ( 4 0 0 0  ~?S)

MO lj 5 I 7 3 so S 5 7 0 I 2
0 .0 3.20 3 .2 7  3.20 3q37 3.37 3.3* 3.20 3.353 3~~5 3  0 . C C  0 .0 ’
3.0 0.~~3 3•~* 3.35 ~~.p? 3.25 0 .09  3.5% 0 .50 3 .00 I f l3~~l5 02.03
2 .7 5.5 7 3.s2 3.3% 3.37 3.2k 0.50 3.7~ *.~ i 3.1k l Ip. .?? 3 2 0 . 5 ?
3~~7 5.3* 3q50 3.39 3.37 3.2% 0.67 3.00 5 ,80 2.07 333.50 j 7 5 . ol.
0~~0 5.73 3~ i.I 3.00 3•II 3.39 0. 15 3~ 90 5.03 3• 06 $ 4 0 ~~9A 50Q ~~6S
5.7 5.57 $.7s 3.9% ;~53 3 .31 0 .53 0 . f l*  5.27 3. 05 3 7 7 . 50 3 ? s . 1 0
5.0 6.30 3.01 0.13. 3~~4l 3.353 5.00 I.3 9 5.5% 2.0% 57 0.40 ~33.b07 .0 6.13 5 .09 ‘.35. 3.053 3.30 3.05 5.30 S.Si 2. 50 159 .~ S i~~S. I7
5 .0 5.~~7 15 .33 di.)? 3. 55 3.32 So; o.s; 5.57 3~~0* 305 17 233.57
•.0 6.00 *~~a3 5.73 o.iS 3.53 01.57 3~~1* 5.50 2.91 l3.5s 331.71

*0 .0 9 .53  5 .bI 5.0 3 ~~ p1 3.33 0.51 0.97 5.55 5•9* 120.30 2~~~.7~* 1.0  5.57 5.02 5.~~7 5.08 3.30 0.6 1. 5 .07 5.60 2.92 115.1.. 3?5.7~
12.0 5.37 5 .7?  5.3 1 ia~~57 3.oS 0.7, 5.30 5.7 2.90 SO~~7s 213.02
53.0 5.93 S~~3l 5.3* 0.07 3.62 15.6? 5.33 5. 65 3 .9? 7 9 . 3 3  339 ,31
*~~.0 5.(7 5.23 5.153 5i~~99 3.7? 1.08 5.52 6.00 2.09 05.6? 23 9 .0k
$5.0 5.30 S.)* 5.5’. ‘.~~l 3.92 0.9’ 5.li s.l~ 2.03 5S.33 3*0.26
14.0 5.3’1 5.o% 5..Q 5.16 0.0? 0.9% 5.6? 8.3? 2 .50 46 .5*  2 0 7 . 1 1 5
*7.0 S.4s0 5•%45 5.93 5.23 15.15 4 .95 S.9o b.37 2.70 ~2.I1 539.60
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