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PREFACE

This report is published to assist coastal engineers in the study of
storm 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 & M University, College Station,
Texas, under CERC Contract No.DACW64-74-C-0015 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 Hurricanes. 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.

Approved for publication in accordance with Public Law 166, 79th
Congress, approved 31 July 1945, as supplemented by Public Law 1725
88th Congress, approved 7 November 1963.
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U.S. customary units of measurcment used in this report can be converted
to metric (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 méters
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 miles 259.0 hectares
knots 1.8532 kilometers per hour
acres 0.4047 hectares
foot-pounds 1.3558 newton meters
millibars 1.0197 x 1073 kilograms per square centimeter
ounces 28.35 grams
pounds 453.6 grams
0.4536 kilograms
ton, long 1.0160 metric tons
ton, short 0.9072 metric tons
degrees (angle) 0.1745 radians
\
Fahrenheit degrees 5/9 Celsius degrees or Kelvins?

IT6 obtain Celsius (C) tempcra{:rc readings from Fahrenheit (F) readings,
use formula: C = (5/9) (F -32).

To obtain Kelvin (K) rcadings, use formula: K = (5/9) (F -32) + 273.15.




BN

BP

Cq

Dmax

F,

SYMBOLS AND DEFINITIONS
cross-sectional area of a channel
effective surface area of a block
cross-sectional area of a channel
surface area of an estuary at MSL
amplitude of input tide to an estuary

8/3m m(Asw)2 ay, a parameter which determines the phase lag of
tidal response in an estuary

right-hand side of equation (48)
right-hand side of equation (46)
(3A/3s)H const., a characteristic of a channel

dimensionless discharge coefficient characterizing a constricted
opening between bay and sea

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

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

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

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

a mean depth for the effective fetch across a block; also mean
depth for a channel (Dy + Dp)/2

depth of water over the crest of a barrier
effective depth of a channel A./w

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

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

dimensionless bed resistance coefficient for blocks

channel bed friction coefficient




HB

HC

HX

HY

H*

H'

"p

H, & H,

SYMBOLS AND DEFINITIONS--Continued
damping factor for channels, see equation (44)
damping factor for x-transport on blocks, see equation (35)
damping factor for y-transport on blocks, see equation (36)
acceleration due to gravity
water level elevation relative to local MSL datum
water elevation on the water-connected block of a channel
common water elevation for a channel junction
mean water level anomaly of connected channel and blocks
water level at the lower end of an x-channel
water level at the left end of a y-channel
H at point B in a channel
water level on the high side of a barrier

input tide level at time t outside a bay entrance

water level anomaly H for block identified by x and vy
indexes 1i,]j

tentative predicted H for a ponding block in the absence of
any contribution by longitudinal discharge to or from the
channel which terminates adjacent to that block

value of H at new time level

new H value at point } in channel

water levels on the two sides of a barrier (both of which
exceed Zp), equation (10)

x-index for grid blocks
y-index for grid blocks
dimensionless wind-stress coefficient, equation (6)

effective fetch length

12 f
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SYMBOLS AND DEFINITIONS--Continued

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

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

m fL/gDcAZ or 1/g(C4Aq)?

N denotes negative characteristic

n time index

P wind "push" term XAt or YAt; also denotes positive
characteristic

Q volume transport through cross-sectional area of a channel

Q mean Q value for channel, equation (45)

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

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

QCYPy flow at the right end of a y-channel for channel block K

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

Q Q at point A of positive characteristic

Qg Q at point B of negative characteristic

Q4 discharge from channel to ponding block

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

qi lateral volume flux per unit length into the channel

Qn outward component of volume flux at a boundary

95 lateral volume flux per unit length out of the channel

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

Q' new Q value

QQy new Q at point N

13
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UCF (K)

UCT (K)

UN
U@,j)
U(i+1,j)
u

Ut

v

VCF (K)

SYMBOLS AND DEFINITIONS--Continued
new Q at point P
specified river discharge
rainfall rate
rainfall rate for block 1i,j
relative amplitude response
distance along the axis of a channel
tidal period

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

time

vertically integrated x-component of volume transport per
unit width

lateral transport, per unit width per unit time, nominally from
an x-channel of block K to an adjacent block; also denoted
UCFK |

lateral transport, per unit width per unit time, nominally to
an x-channel from the interior of block I; also denoted UCTyk

U value on left side of block

value of U at the left side of block 1i,j 3
value of U at the right side of block i,j %
typical fluid speed in the bay

value of U at new time level

vertically integrated y component of volume transport per
unit width

lateral transport per unit width per unit time, nominally from
an y-channel of block K to an adjacent block; also denoted
VCFg




VCT (K)

VN
V(i,j)
V(i,j+1)
v'

W

Y(i,j+1)

y

2(i,j)
Zb
Ze

AH

4q

SYMBOLS AND DEFINITIONS--Continued

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

value of V at the lower side of a block
value of V at the lower side of block 1i,j

value of V at the upper side of block 1i,j

value of V at new time level

windspeed at 10-meter elevation over the water

a critical speed taken as 14 knots (7 meters per second)
surface width of a channel (conveyance width)

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

value of X for right side of block 1i,j

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

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

value of Y for top side of block 1i,j

horizontal Cartesian coordinate nominally normal to shore,
positive landward

elevation of the seabed relative to MSL datum

value of Z for block 1i,j

barrier crest elevation

channel bed elevation

(gD)’z At/As (Courant number); also Lg/DcAc, equation (77)
L(CpDp) 2/Dat

a head differential dependent upon barrier type

net lateral flow to the channel per unit length of channel

oo N O i
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As

At

SYMBOLS AND DEFINITIONS--Continued

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

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

the angle between the wind velocity vector and the x-axis
w (gD)%/6

3.14159 ...

wE |Q[/A%

latitude

absolute ‘angular speed of the earth

radian frequency 2n/T




DEVELOPMENT OF SURGE I1 PROGRAM WITH APPLICATION TO THE
SABINE-CALCASIEU AREA FOR HURRICANE CARLA AND DESIGN HURRICANES

by
Robert 0. Reid, Andrew C. Vastano, and Thomas J. Reid

I. INTRODUCTION

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 about the same time a number of bay models emerged.
Notable among these are the models of Leenderste (1967) and Masch, 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 nonlinear system of equations and boundary conditions solved
by numerical integration of time-dependent, forced motion. Its use pro-
duces the water response to stormwinds 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-
tember 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 subgrid 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 priori 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
admit a realistic amount of water to the bay. A programed shift in the
wind vectors indicated this subgrid scale feature.

17

e PO s R T




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. THEORETICAL DEVELOPMENT FOR SURGE II

1. Summary of Two-Dimensional Theory.

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 provide a
complete description of SURGE II,

The advection of momentum (or field acceleration) is considered neg-
ligible 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 normal 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:

B Wy ™
TrPn=X fqUD (1)
WL e S
3—6 + gh dy Y quD (2)
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where
x and y = horizontal Cartesian coordinates;
t = time;

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

g = gravity;

H = 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 10”3 to 1072 for typical seabed
conditions.

The value of q is obtained from U and V by
q= (U2 +v2)* )
which is a positive quantity.

The kinematic forms of the wind-stress components in the absence of
rainfall are taken as

X =KW cos 0

Y =KW gin 0, (5)
where N' is the windspeed at a 10-meter elevation over the water, and
6 is the angle between the wind velocity vector and the x-axis. The
dimensionless coefficient, K, wused in the calculations is presumed to
be a function of windspeed as implied by the van Dorn (1953) relation
for wind stress. Specifically, it is assumed that

K=K forw_<_wc

L}
C
K=K +K (1-55) forw>w_,




where the constants K; and K, are taken as 1.2 x 10" and 1.8 x 10-6,

rospectively, and W is a critical speed which is taken as 14 knots

(7 meters per second). For large windspeeds, K approaches the limiting

value of 3!6 x 10~® which corresponds to a resistance coefficient of about
3.0 x 10': if the ratio of air density to water density is taken as

1.2 = 30”2,

In the presence of rainfall an added flux of momentum proportional to
RN occurs (van Dorn, 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-2 , (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 the seabed is ignored.

The above equations ignore the direct effect of variable atmospheric
pressure which is relatively minor in a small, shallow bay. The effect
over the sea is included implicitly through the specification of an
appropriate surge height versus time in the adjoining 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-
tion,

a. Boundary Conditions. Four different types of boundary 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 imbedded channels as discussed later in
Section III,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 land depends on the
water elevation and the land topography. The shoreline for different
uniform elevations of the surface of the bay is readily established from
a knowledge of the topography. For a bay with low-lying terrain, the
rate of increase of surface area of water per unit increase of water
level can be considerable. 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, qn>
at the juncture of a flooded square and a dry square is taken as
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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, q,, Per unit length of land barrier, is

given by

4y =+ €D, (eD,) % ©)

where Dy 1is water depth over the crest of the barrier, and C, is an
appropriate dimensionless overflow coefficient, 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 within 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, Z,, and for which

the water level on the other side is less than Zp. Moreover, Dp is
simply Hp - Zp, where Hp 1is 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,

q, = +C_D, (g]H; - Hzl)!i ’ (10)

where Dy is the water depth over the crest of the barrier, H; and Hjp
are the water levels on the two sides of the barrier (both of which exceed
Zy), and Cg 1is an appropriate dimensionless discharge coefficient for
the submerged barrier (generally less than v2). In this case, Dy is
taken as (H; + H;)/2 - Zp. Again, the sign 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 essentially 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 difference 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 from observation and used as an
outer boundary condition for the bay.
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The simplest condition at the seaward boundary is of the form
H = Hg s (11)

where Hg is the prescribed water level 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

dU/3x = 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 + qn/Cg & (12)
where q, 1is 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. Initial Conditions. Since the system includes allowance for fric-
tional dissipation as well as radiation of energy, the solution for given
fields of X and Y and given boundary function, H,, should be reason-
ably insensitive to the nature of the initial conditidns 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 Embedded Channels.

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

s, and let H be the water elevation above MSL 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, 3A/3H = 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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Figure 1. Schematic channel cross section showing
pertinent parameters.

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

1964, Ch. 9)
Q.3 2 9H _ Y
g + 5% (Q°/A) + gA 5 “'Ts oQ + 1.‘n (13)
9A , 9Q
¥ T aa bp (14)
where

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

c = wf'%[/AZ where f is a dimensionless channel-friction
coefficient;

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

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

The units of Lg are square feet per second; Lp has the units cubic
feet 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) works 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 variables
Q and H 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
3 _ oM
ot at
A _  3H
S LM +b, (15)
where
o 4 w
H const . (16)
(For a channel of uniform cross section the latter quantity would be 1
zero.) It can be shown, following Dronkers' (1964) analysis and con- ‘
sidering equation (15), that a characteristic form of equations (13)
and (14) is
2
90, -8, /E @ [, g, (L94 /e (s
-~ e o Sl - e N B 8 s wa()
along the path s(t) where
= -
ds _Q, /s8A 18
a4 2 w (18)
The 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)
. c
t+AL
P N
t
x“ xB
Figure 2. Schematic positive and negative characteristic paths {
to a common 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, and x, 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 (Lg, Lp = 0) of a uniform cross section
(b = 0) without friction (¢ = 0), in the absence of wind stress (Tg = 0),
then the quantity in braces on the right-hand 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,
di/dt = dD/dt, so equation (17) reduces to.

400 4 cux ) L =0 (19)
along
ds
Teas /gD . (20)
Equation (19) simplifies further to
Wb $o (u + 2/gB) = 0. (21)

Thus, for this special case (u + 2vgD) is conserved along P where
dx/dt = u + VgD, while (u - 2V/gD) is conserved along N where dx/dt =
u- Ygd. Thus, u and D (hence, Q and H) can readily be evaluated
at "G,

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 III,2. Also, in the general case it is usually not
pcssible to put the left-hand side of equation (17) in the simple form
shown in equation (21).

a. Lateral Transfer Terms. In the absence of direct rainfall, Lg
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 q; and qg,
respectively, represent the volume fluxes per unit length into and out of
the channel. Then, Lg = q; - Qo in the absence of rainfall, or

Lg =qj - qo *+ WR (22)

with rainfall. The corresponding lateral transfer of momentum (divided
by water density) is

u_, (23)

Lm‘qiui—qo o
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the transfer from rainfall being included in the wind-stress term as
discussed in Section II,1. 1In equation (23) the quantity u, is
simply Q/A for the channel while wu; is the channel-directed com-
ponent of velocity of fiuid from the adjoining block water area. In
equation (17) the terms L and Lg contribute to the right-hand side
the quantity,

T s / BA
L -3l /=L, . (24)
Using equations (22) and (23) yields
A 3
Fpo=q (u -u) - wRu + [w] (q; - g, + wR). (25)

The lateral flows into or out of the channel can be evaluated by
relations such as. equations (8), (9), and (10). This is also discussed in
Section I11,2,

b. Simplifications. The SURGE II program uses certain simplifica-
tions of the above equations. For normal conditions, the propagational
speed (gA/w)L2 significantly exceeds the speeds uj or ug; i.e., Q/A.
Accordingly, F is approximated by

%
T [ﬁw‘—‘-] L. (26)

Elsewhere in equations (17) and (18), Q/A 1is neglected compared with
(gA/w)%. Moreover, each channel reach within a grid block is considered
of uniform width and bottom eievation Z:; however, w and Z¢ 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) take the form,
d dH
Sy +w/gd G = {wr_ - flofaMh2u) + VED (a; - q, +wR)}  (28)

along

ds
Sl A (29)

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

2
at @+ 5 w/gd ) =F (30)
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for a given channel reach where F is the right-hand side of equation
(28). The neglect of Q/A relative to /gD in the above approximate
channel equations is tantamount to neglect of longitudinal advection of
momentum in the original equation (13), an approximation already made in
the two-dimensional equations in Section II, 1.

IIT. SURGE II PROGRAM

Numerical algorithms for two-dimensional blocks and subgrid 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.
Appendix C is a user's guide to the SURGE II program. The block algo-
rithm is essentially as discussed by Reid and Bodine (1968) except for
a change in the barrier computation and incorporation of coupling with
the subgrid scale channels.

1. Block Algorithm.

In the numerical analog of the prognostic equations (1), (2), and
(3), values of H are evaluated on a uniform Cartesian mesh at spacing,
4As, for uniform time steps, At. The values of H are representative
of the water level for the grid square i, j which is centered at
x=(i-1/2) 4s, y = (j - 1/2) As, at time nAt, 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
half steps of y, and odd half steps of t (Fig. 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 half 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 locations consistent with H but

at a one-half time step out of phase with H. 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 coarse spatial and temporal array evaluated from the basic
meteorological data and then evaluated for the detailed mesh by linear
interpolation.
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(j+1)As vl [v]

BLOCK 1,4+1 BLOCK 1 +1,j+1

U ® U @ U

i Jhs {vl N
BLOCK 1,4 BLOCK 1+1,

U ® U ® U

(1-1)As VvV V
(1-1)As 1As C1+1)As
Y

Figure 3. Example of grid blocks showing staggered
arrangement of variables U, 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 numerical 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 notation is used
in the recursion 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) At; v(i,j) represents V for the lower side of block i,j
at t = (n - 1/2) At.

Primed symbols are used to denote values of these variables at time
step At 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.
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BLOCK i, j+1

UG g+1) Zg i ) v, e

®

Vi, +1)
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BLOBX |, BLOCK i+1,]

it .5
Uti,g) Z(i,)) UCi+1,5) HCG+1,3)
RCi,y) KEt+), 1)  Zli+l,)

® ®

.V (1,)) V0i+1, j )——d

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 spatially at the position for U' or V'. Since U, V, and
D are not available at common locations, this requires 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 LD = gy (UG + BE e, )

+ D(4,5)] [H(L,j) - H(i+1,3)] + X(i+1,j)at} (31)

Vi(i,541) =

Cole gat
Gy VU+D) + 555 (04, 541)

+ D(1,3)] [H(1,§) - H(L,3+1)] + Y(d,j+))Ac) (32)

29




H'(4,3) = H(L,8) + 4 [U'(4,3) + V' (1,3)

- U'(i+1,3) - v'(4i,j+1)] + R(i,3)At, (33)
where
D(i,j) = H(i,3) - 2(4,3), (34)

and G and Gy are the factors which incorporate the effect of the
friction. These are given by:

Gy (i,3) = 1 + £ac {[4UG+L,3)12 + [V(L,§) + V(+l,])

+ VLMD + VEHL D 12LE [D(L,9) + DGEHL,DIT (35)
and

Gp(i,j) = 1 + £At {[4V(L,5+1)2 + [U(4,j) + U(i+L,5)

+ UL, + UGEH, 3+ 12}E [D(4,5) + D(L,5+D 172, (36)

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

The prediction relation for H 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 friction can be estimated in terms of the ratio, r, of these two
forces which is of the order,"

r = AD/fu , (37)

where

>
u

Coriolis parameter (22 sin ¢, Q@ being the absolute angular
speed of the earth and ¢ the latitude);

D = mean depth;

bottom-friction coefficient;

]
"

typical fluid speed in the bay.

us=
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For 30° latitude A = 7.3 x 105; typical D and f for gulf coast bays
are 10 feet and 2 x 10'3, respectively. For u = 3 feet per second, which
is reasonable for storm conditions, r is only 1/10. However, for
normal 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.

Although it does not appear difficult to add the effect of Coriolis
force, it can be shown (Platzman, 1958) that a different scheme for the
U, 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 oaly 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 At be taken at
less than the value AS/(2gDp,y) %, where Dp,, 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 qps Dy, and AH at the same time and in the immediate
vicinity of the barrier. In the grid scheme used, however, the flow and
the water level are staggered in time; moreover, the water levels like
H1 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 schematization 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 their
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 phasing 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.

Specifically, the frictional terms in equation (1) or (2) are taken
as (D/LGY)|q) [q}/DZ where G is the barrier discharge coefficient
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(Co or Cg, depending on type of barrier), gq), is the transport per unit
width normal to the barrier (either U' or V', depending on_barrier
orientation), D 1is the water depth over the barrier, 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 gq; at a barrier, given
qn at the previous time step, is:

laglap + Tap = F , (38) |
where . 1
L(C,D, )2
§ G (39)
DAt
and
F=g(CDp)2H +T + (qp + P) , (40)

P being the wind '"push" term (XAt or YAt), and AH a head differential
dependent on barrier type. For steady state (q; = q,) and no wind (P = 0),
the above reduces to

qr'l =+ CDy v’g|AH| - (41)

which is consistent with equation (9) or (10) with Cb and AH taken

as C, and D, or Cg and (H; - Hy), respectively, depending on the

barrier. The more general relation (eq. 38) provides an added effect of t
the wind and of the inertia of the water on the blocks. For a submerged

barrier, L 1is 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

higher of the two blocks.

Thus, Cp, L, H, and D, are taken as follows:
Submerged barrier (H) > Z and Hp > Z)
G =G
L =4S AH = Hy - H2
=[tn, + H,)/2]-
o, = [0, + H,)/2)- 3, -8

Overflow barrier (H, > Zy or H, > Z)

Cp = Co H - % (a)

L = AS/2 AH = or

Dp = |AH| Zp - H2 (b) ,
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where Z;, is the elevation of the barrier crest, relation (a) being for
Hy Zb and (b) for Hp > Zp. If Zp exceeds both H; and Hp, then
qnp = 0. The meaningful solution of the quadratic equation (38) is

an = + {[|F] + (1/2)2)% - r/2}, (43)
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 original SURGE I program. The present barrier
relations have a more realistic response when applied to the numerical
simulation of a natural oscillation of a bay having a submerged barrier
across it.

c. Barrier Specification. Since only certain blocks contain barriers,
they must be identified by I, J 1location; specifically, the program
identifies 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
right and upper side of the block in an x, y plot. These are designated
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 barrier block, values of Zy Co, and Cs must be prescribed. A
real barrier is one where Z; is larger than the Z value for either of
the adjoining blocks. A null barrier is one where Z;, 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 null barriers (Zp, Cy, and Cg) and real barriers be provided.

d. Volume Check. During the recession stage of flooding 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 qpAt
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 block 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 partially dry unless the
fluid is flowing fast enough for the bottom stress to balance the wind
stress. To avoid anomalous computations for very small D (e.g., in
areas where rainfall 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), respectively,
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
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channel width (w), a channel-bed elevation (Z_.), and a channel-
friction coefficient (f.). Figure 5 shows a schematic of a channel
block indicating nomenclature for dimensions 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 flows, Q, at each end of the channel, one
end designated N, the other P (corresponding to the negative and
positive characteristic ends of the channel, respectively). Also in-
cluded is the height, H, of the water level at the point in common to
the two channels 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 indicated: 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 referred to as q¢ and qg¢, respectively. Note that UCF(K) and
VCF(K) correspond to U and V, respectively, on the right and upper
sides of the general block flow. Also, the quantity HP(K) corresponds
to the block (pool) height 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 Channel 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-
ferentials used in determining lateral flow between channel and adjacent
blocks.

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

Time Block Channel
t + At H H,Q

t + At/2 Q

t H H,Q
t - At/2 Q

t - At 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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J = JCG(K), showing associated flows and water
level variables.
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Figure 7. Characteristic paths on the time-distance
diagram for an individual channel reach.

the absolute value of the old Q. Specifically, for the positive char-

acteristic path from A to P' in Figure 7, equation (28) is approxi-

mated by

¥ Tnd + n R - e n ' YA /:—

@ - Q) +w/ed (1) - H) = [wr £.1Q1Q)/ @)% w + /gD aq] ar,  (44)

where D = (Dy + Dp)/2, Tg is the appropriate wind-stress component

(X or Y) corresponding to time level t for the associated channel

block, 4q 1is the net lateral flow per unit width, and Q is taken as
Q= (2 +Q2)/2)% | (45)

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

After regrouping terms, equation (44) can be written as
Ql', + (w /Eﬁ_/c)ul') = [(QA + w /g?ﬂA) + (W'rs + /g_ﬁ—Aq) At]l/G , (46)
where
G =1+ fatfQl/(M)%w . (47)
Similarly, for the negative cha?acteristic from B . to. N,
Qy - (/gD /MY = [(Q, - w/gD By + (WT_ - J/ED ael/c (48)

where D and G are as defined for the positive characteristic.

The values of Q and H at points A and B are determined by
interpolation from values at N and P at time t, using equation
(29) 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 vgDAt. The interval
N to P is equal to As. Let

a = /gD At/as 3 (49)
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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

QA - QN + (1 - o) QP
(50)
QB = (1 -a) QN + a Qp’

and similarly for H, and Hg in terms of Hy and Hp.

The evaluation of Aq is the most sensitive part of the computations
and is discussed in a subsequent section. Presuming Aq is known, the
problem of evaluating the new Q and H individually 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 different 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 H. 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 representing channels in SURGE II it is
possible to have four channels merging at a common junction. Figure 8
shows this junction with four different volume transports, but with 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' + AH'
(51)
BN 5 Q' -« X",
where ;
i
X = w /gb/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 merging 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

Q1" + X1 « H" = BP1
Q2' + A2 «'H' = BP2
(53)
Q3' - A3 + H' = BN3
Q4' - 24 - H' = BN4 .
Now, continuity requires that
Q1l' + Q2' - Q3' - Q4' =0 (54)
at a common junction. Thus,
(A1 + A2 + A3 + A4) H' = BP1 + BP2 - BN3 - BN4 (55)
from which H' can be calculated at the junction. With H' known, the
values of Q1', Q2', Q3', and Q4' are readily evaluated from equation (40).
b For those cases where one or two of the above merging channels do not
e ok exist {(i.e., null channels), then their width and X value are zero.
- Moreover, the program yields zero for the BP or BN values of any null

channel. Thus, equations (55) and (53) can apply for a general junction
consisting of from two to four real merging channels.

c. Net 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

Aq = q¢ - q¢ + WR , (56)

where ¢4 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 qg (if positive) is the flow (per
unit length of channel) from the channel to the adjacent block. These
flows can be positive, negative, or zero. To allow for channels which
have widths w much smaller than the block grid size As, and since the
above q values are comparable to those vhich exist across the sides of
blocks, the change in channel water level can be very sensitive to the
difference q¢ - q¢. Hence, special care must be taken in the model to
avoid possible instabilities caused by improper calculation of these
transverse flows. However, there is no particular difficulty with the
rainfall term 1n equation (56) which is generally at least one order of
magnitude smaller than that of the '"net" lateral flow. In a sense, the
potential difficulty with the transverse flows, q; and qg, arises
because the At chosen for stable calculation on the blocks is usually
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too large for stable calculation for narrow channels, unless the coupling
with blocks exists only in respect to longitudinal flow from the channels
to blocks at end points of swuch channels.

On a given side of a channel, basically four physically distinct sit-
uations can occur: (a) a barrier (levee) or block ground level of suffi-
cient height exists to prevent lateral flow; (b) overflow exists from an
adjacent flooded block into a channel where the water level is less than
the adjacent barrier or ground level; (c) overflow of adjacent barrier
(levee) exists from the channel to an adjacent dry block or one where
the water level is lower than the barrier elevation; or (d) both the
channel water level and the water level on the adjacent block exceed
the height of any intervening barrier and the lateral flow depends on
the difference of water level. These four situations are illustrated
in Figure 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
(qt or qf) being constrained to zero value. For situation (c), the
predictiVve-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, T can be so small
that the relation for q;\ reduces virtually to a diagnostic-type rela-
tion of equation (40), or more specifically of equation (9) for barrier
overflow. Since situation (b) might cccur on one side of the channel
and situation (c) on the other, and since both should be evaluated by
relations compatible with a common time level, the simple diagnostic
relation (eq. 9) has been adopted for both situations in the SURGE II
program. This, however, still demands special checks and possible
adjustments, as will be discussed later. Finally for situation (d), a
submerged barrier-type calculation might seem appropriate if the depth
over such a barrier is small compared with that of the channel or adja-
cent block; however, use of such relations in preliminary versions of
the program proved to be very vulnerable to numerical instability. The
reason for this is related to the above discussion concerning the usual
case where w/As 1is very small. As a consequence, for situations of
type (d), a special calculation is required which treats the channel as
essentially an integral part of the associated channel block or the
adjacent block.

As stated above, for overflow situations (b) or (c), i.e., to or
from the channel, the relation, z

Qn = * CoDp(8Dp)% , (57)

is used where Dy = H - Z, H being the water level on the high side of
the barrier, While this relation gives a valid value of q,(q¢ or qgf) at

the time t, the value of q, may change significantly over the predic-
tion interval At if (ghy,)* > w/At.
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Figure 9. Different situations along a given side of a channel.
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Under such circumstances, an approximate prediction based on the
initial values of qn could lead to physically impossible changes of
channel level. Thus, tests are included in the program to constrain the
lateral flow, such that q; - q¢ alone will not cause the channel level,
H., to fall 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 situations
A, C, and E, outflow exceeds inflow and the horizontal dashline repre-
sents a minimum level based on the sill depth of the channel. On the
other hand, for situations B, D, and F, the horizontal dashline repre-
sents a maximum possible level. 1In each case, the maximum possible change
in H. 1is indicated as &H..

For any of the situations illustrated in Figure 10, the SURGE II pro-
gram compares |qy - qg| with |wH_/At|. If the latter is exceeded by the
trial value of |qy - qg| then an adjustment is made in q. or qg such
that |q, - qf| equals f;AHc/AtI. For cases A, B, C, and D, both q; and
qf are prorated by a common factor to satisfy the above constraint. For
cases E and F, only 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 channel,
Aq, 1is 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)
B (L+W) G

where HB is the water elevation on the water-connected block, L is
its width, while HC and W are the water elevation and width 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 either of these situations is taken as

Aq = (HM - HC)w/At . (59)

To determine the individual q; and qg 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 blocks, ignoring the presence of the channel (but considering
barriers). Letting this be denoted gqp, then

qt Qm * AQ/Z
and (60)
e = 9% ~ Aq/2 .

This system of calculation leads to stable results.

d. Channel End-Point Computations. At the end point of a given
channel 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 channel 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

Ql

£ QL

n

0= Q' - B, (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 channel, 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 'ponding' areas (i.e., a
block 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
ponding block is specified a priori. 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 contribution by longitudinal discharge to or from
the channel which terminates adjacent to that block. Thus, H* corre-
sponds to the H resulting from the routine block calculation using
equation (33) with appropriate adjustments for contained channels as
might occur for situations 3 and 4 shown in Figure 11. These adjustments
are discussed in a subsequent subsection. The correct predicted H for
the ponding block in the presence of longitudinal discharge from a
channel is given by

H' = H* + (Q) * Qbt/2A (62)
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where Qé and Qd are the new and previous values, respectively, of

the discharge from channel to ponding block, and A, 1is the effective
surface area of the block. For situations 1 and 2 in Figure 11,

Ap = (8s)?, but for situations 3 and 4 a channel might exist on the
ponding block in which case e (s ~ w)As.

Equation (62) involves two unknowns H' and Qé . However, for the
channel,
Qé + ' = 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, Qé is the negative
of the QC value for the channel.

The resulting H' and Q) for an "H-end" condition are

H' = (F + BAt/2A.)/(1 + X0t/2Ap) (64)
Q' = (B - AF)/(1 +» xat/2Ap) , (65)
where
o X
F=H + QdAt:/ZAb . (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 1i,j is

H'(i,j) = H(,j) + [U'(1,]) - UCT'(k)]At/(8s ~ wx)

+ [V'(i,3) - VCT'(k)]At/ (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 + 1,j) ifwx =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-
lying 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 region included in the numerical 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 adjacent to Sabine Pass and a
slight embayment lying between Sabine Pass and the outlet from Lake
Calcasieu at Cameron. Both lakes are adequately represented by the grid
interval of 2 nautical miles. Figure 14 clearly delineates three high
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 forward of the rises, forms a large
ponding area during the inundation sequences. Between each rise a major
channel 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 (MSL). Assuming a 10-
foot surge, a value of DELT equal to or less than 260 seconds (Sec. III,
1,b) is required. The value chosen for DELT is 240 seconds.

2. Channel and Barrier Schematization.

The numerical discretization of the area shown in Figure 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 left- and right-hand channels. Each channel segment has been
provided the physical characteristics of width and cross-sectional area
that best reproduce the pertinent information for the channel reach that
was provided by the Corps of Engineers. 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 shown in Figure 15, represents the major
manmade and natural obstructions to flow above MSL. 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
adjacent barrier heights. Jetties are included at each of the openings
to the Gulf of Mexico. Within 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 D has a listing of all data used for the Sabine-Calcasieu
region in the simulation of the Hurricane Carla surge. The topography,
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Figure 13. Topography contours at 5-foot intervals for
Sabine-Calcasieu region (broad uncontoured area
between Lakes Sabine and Calcasieu has elevations

between 0 and 5 feet).

50




51




pue (s *Z1 9an3d
sauTt| Tq
ET TIPg) 8 A, B
syauueyd ﬁmmoﬂmwucuumf
prag SI9TLIE
a8 jo Aef q
2 TI9A
0

1 QMJM~U~

‘é\»\\o\

U
.////////////////////// ” q///// ////,.
i . . . . 2 M

III/III

>

'I//I/I///

7////////////67/////////./.1//

X
>
‘”/ W/f/’/////f/’/’///////”///. ”
M .///////// ///////// V///I///l/.ﬂ
. Bl S e e e e o g T TNt RS Dt i .
»~ »
X X ./////////I//ll
N, P s U i i L e . <

.I///l/////l///t
3 §
v o3 . .
T I o ./,/
Wllllllllllll.” . S
: 3}
X
e T B e . SR e
W.///////////I//Ilﬁ
3
W//////f/////////l///ll.
.//////////II//.
NN
SN
>
N

52




3

barrier data, and channel data are the same for the astrotide simulations
and the standard project storms. There are 91 barrier blocks and 121
channel blocks of which 53 are common to barrier blocks. Examples of null
channel blocks are for K= 4, 6, 18, 21, 24, etc., a4 total of 19.

Appendix E shows a plot of the block topography with the channel and
barriers superimposed. This plot is given on two pages; x (or I) runs
from left to right and y (or J) runs from bottom to the top of the
page (I values are indicated along the top of both pages and J along
the left side of the first page). Also in Appendix E is a listing of
the key arrays for channels as generated by the program. Note that the
final array size for channels is 128 (KCMP), there being 6 channels which
terminate on the boundary of the grid.

As an illustration of barrier input note from Appendix E that for
block (2,2) a y barrier exists, but not an x barrier. The bed eleva-
tion of block (2,2) is -10 feet while that of block (3,2) is -13 feet.
Thus, a value of ZX of -10 feet should have been input for this block.
The listing of the barrier input data in Appendix D gives the information

for block (2,2) at K = 12 with ZX = -100 (tenths of feet) which checks.

The actual barrier on the upper side indicates a positive 6 feet. How-
ever, barrier block K = 13 at the adjacent block (3,2) shows a ZX
value of -12 feet. Reference to the topography in Appendix E indicates
that this is the elevation of adjoining block (4,2) which is higher than
block (3,2) and hence is the correct entry.

For an illustration of the sign coding concerning barriers along
channels, refer to the channel input data in Appendix D and the plot in
Appendix E. Channel block K = 1 located at (8,1) shows a negative
IWCX and a negative IZCX which is the coding for double levees of
equal height with the channel in between. This is the location of the
double jetty entrance channel for the Sabine region. Channel block 5 at
location (7,4) shows a (+,-) signature for the x channel and a (+,+)
signature for the y channel. Hence, the barrier for the x channel is
on the inner lateral boundary while that for the y channel is on the
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 same location (7,4) and indicates valid barriers of a 5-foot
elevation above MSL for both the x and y channels.

3. River Input and Hydrograph Gage Locations.

There are three river discharge locations provided for the Sabine-
Calcasieu region. These locations, as given in block 9 of the input
(App. D), are (28,15), (4,19), and (14,19) which are respectively for
the Calcasieu River near Lake Charles, the Neches River north of Beau-
mont, and the Sabine River north of Orange.

Nine gage locations for the astrotide calibration and Hurricane

Carla simulation are shown as small circles in Figure 16. All of these
with the exception of the North Sabine Lake gage are located on channels.
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V. TIDAL CALIBRATION
1. Tide Data.

The tidal calibration is a required step in the preparation of the
numerical storm surge model. These computations permit the adjustment
of the parameters representing the frictional effects in the channels
and low-lying regions of tidal inundation. The calibration adjusts the
tidal flows in order to adequately predict proper phasing and tidal
excursions in the model region. Comparisons are made with actual tide
records from geographical locations corresponding to blocks or channels
in the grid.

Calibration of the Sabine-Calcasieu region 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 Arthur, north Sabine Lake, Brakes Bayou
(Beaumont), and Orange, Texas, provided by the Galveston District; Cameron,
Hackberry, Calcasieu Lock, and Lake Charles, 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 riverflows 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 f. for Entrance Channels.

Many of the bays or lagoons along the Texas coast are of such dimen-
sions that their largest 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 significant 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, f., (or discharge coefficient) plus
appropriate dimensions of the bay and entrance channel (Love, 1959).
These relations can be used to get at least a preliminary estimate of

f. from the observed response.

Consider a bay of total MSL surface area, Ag, which is connected to
the sea by a channel of cross-sectional area A¢, surface width W,
effective depth D¢ (defined as A¢/W), length L¢, and channel-bed
friction coefficient fy.
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Let H be the volumetric response in the bay at time t (where
H « A, represents the impounded tidal volume above MSL at time t); let
Q be the tidal flux from the sea to the bay. Then,

A —=0Q . (68)

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

Hg - H = m|Q|Q , (69)

where 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

"l (70
c C

This can also be written in the form,

1
i R s
. 2 >
g(Cd Ac)

where C4 1is the discharge coefficient characterizing the constricted
opening between bay and sea.

Assuming the input tide Hg is simple harmonic with period T and
amplitude ag then,

Hg = a, cos wt , (71)

where w = 2m/T. Ignoring the second-order compound tide due to non-
linearity in equation (69), the response will be roughly of the form,

H = ray cos (wt-¢), (72)

where ¢ is a phase lag and r is the relative amplitude response. If
these are substituted into equations (68) and (69) and the quantity |Q|Q
expanded in the Fourier series form, it can be shown that

r = cos ¢ (73)
and
T ARE
81n¢-=__1._-!-__:___1, (74)
where
e 2
B 3 m(Asw) a, (75)
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(Love, 1959). A plot of r and ¢ versus the dimensionless parameter
B is shown in Figure 17. The timelag of the high tide in the bay rela-
tive to that outside the bay is simply T = ¢/2m, for ¢ in radians
(or T = ¢/360 for ¢ in degrees).

Thus, if r or ¢ is estimated 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 f.. In terms
of B, f. is given by
3m B
£ = —— .__g__.__. 76
& 8 a2A242, (7€)
s ‘o
where
Lc
a? = ; (77)
D A?
ec

It is emphasized 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
different dimensions or of N channels in parallel or combination of
both gas in the Sabine-Calcasieu system) by using an effective value
of a*.

Let af designate the value of o for an individual channel as

evaluated by equation (77). Then, the effective value of o2 for a
series of N channels is simply

N
i (78)

However, for N channels in parallel the effective a? is given by
=2

N
g T (79)
n=1
For a series containing a parallel subset, the effective az, for
the latter is used in equation (78). If 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 use of this procedure will be illustrated for the Sabine-Calcasieu
system. In the numerical simulation scheme there is a total of 40 blocks
of 2 » 2 nautical miles covered with water and in communication with the
sea. This represents a surface area of 5.91 x 10° square feet. In addi-
tion, the channels contribute a total of 0.64 x 10° square feet. Thus, s
the total surface area for the combined system is Ag = 6.55 X 10° square ey
feet (3.77 x 10° square feet for the Sabine part and 2.78 x 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 Sabine~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 different dimensions in
series. 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 o for each channel is also shown in Table 2. The effective
a? for Sabine Pass is the first partial sum shown in the last column. The
effective value of a? for the parallel part of Calcasieu 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
effective value for the entire pass system is evaluated from the Sabine
Pass and Calcasieu Pass values, using equation (79) for parallel systems:

a? = 0.32 x 10°% (square feet)™! .

Table 2. Data on simulated Sabine Pass and Calcasieu Pass.

n [ W, D, A, Le a* x 10° T o x 30°
(ft) (ft) | (£t?) (ft) (ft~2) (ft~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 0.4551

5 | 1,000 16 16,000 34,480 8.960

Subtotal 1.617

lEvaluated 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

1.50

2.59 ~ 0.58 .

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

360 _

20V °
25 47° .

¢ = (20.8 - 17.5)
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Table 3. Ranges and times (c.d.t) of available observed
tides in the Sabine-Calcasieu system for 25
August 1973.

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

1 Sabine Pass, southwest jetty 2.59 17.%

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 1o/i>5

i Hackberry 1.06 22.0

8 Calcasieu Lock, west 1.45 20.5

9 Lake Charles 1.69 21.5
Average 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

o i . 10~5 ;
w = 5T 3,600 7.0 x 10 ° radians per second

and a, = 2.57/2 or 1.3 feet. Consequently, the estimated f. for the
entrance channels is from equation (76): f. = 0.0018.

The final selected value of f. for the entrance channels is 0.0015
as determined by trial runs. This is somewhat less than the above esti-
mate. The difference might be accounted for by the fact that the tidal
hydrograph is not really simple harmonic but contains compound tides (of
higher frequency) giving the sharp minimum and broad or double-peaked
maxima. The effective frequency is consequently somewhat greater than
the w given above, thus yielding a smaller f. 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 MSL conditions) for a given reach is represented by the pro-
duct of these dimensions. Thus, if the depth is taken as the mean for
the reach, then the width will be somewhere between the width of the
dredged channel and the surface width of the natural channel.

The values of channel friction for the remaining channels and of the
block friction were selected by a trial-and-error procedure, starting
with a uniform value throughout. The final values of channel friction
for the upper reaches of the Neches and Sabine Rivers were taken as
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0.0025 to give a reasonable agreement for the Beaumont and Orange 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. However,
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 simulations) 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, and 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 computed (full line) and observed (line
with circles) are compared 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. 1In 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
frictional coefficient for the entrance channel would decrease the lag
within 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 times of high and low water, and hence the value of
fo = 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 im for the system) and the observed
water level display an apparent vertical shift. This 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 second 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 given in Appendix 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 through Sabine Pass and Calcasieu Pass,
respectively, Since the tide amplitude is less than the seaward barriers,

the two passes represent the only source of water for normal conditions,
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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. Forcing 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 Carla 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 runs 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, Neches River, and Sabine River for each 3 hours are listed as
block (IDENT) 12 in Appendix D.

c. Gulf Hydrograph Input. The final input for HG, the water level
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 modification 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 left-hand region of the grid. Specifically for I.LE.3 and J.GE.4,
the wind-stress components were so reduced in the final 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 H for all locations in the bay was taken as
3.2 feet.
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Figure 27. Wind-stress vectors for Hurricane Carla, over
Sabine-Calcasieu region on an 8-nautical mile
grid; time = 12 hours.
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Sabine-Calcasieu region on an 8-nautical mile
grid; time = 24 hours.
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Figure 29. Wind-stress vectors for Hurricane Carla, over
Sabine-Calcasieu region on an 8-nautical mile
grid; time = 36 hours.
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Figure 30. Wind-stress vectors for Hurricane Carla, over
Sabine-Calcasieu region on an 8-nautical mile
grid; time = 48 hours.
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Figure 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 simulation are given
in Figures 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
friction factor of 0.0010.

The computed and observed values (where available) at gages 2 to 9
are shown in Figures 34 to 41. The principal 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 materially
changing the results at other key locations in the system.

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

VII. STANDARD PROJECT HURRICANE (SPH)

1. LR-ST Storm Data.

The large radius, slow translation (LR-ST) storm was utilized as an
atmospheric forcing function for the verified model of the Sabine-Calcasieu
system. The storm parameters were extracted from the pertinent gulf coast
section of the National Hurricane Research Project Report No. 33 (Graham
and Nunn, 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, slow
translation (ST) and medium translation (MT) storms.

Parameters ST storm MT storm
Radius to maximum winds 27 nmi 27 nmi
Maximum windspeed 100 mi/h 100 mi/h
Central pressure 2755 in 2755 in
Translation speed 4 kn 11 kn

Wind-stress vector plots have been prepared beginning at t = 30 hours
and at 10-hour increments to t = 80 hours (Figs. 42 to 47). The storm
track, which is taken normal to the general shoreline, has the Sabine-
Calcasieu system on the right-hand side of the storm approaching the
coastline. Landfall of the storm center is close to grid block 1,1.

The orientation of these plots relative to the topography is similar to
the wind fields shown for the Hurricane Carla verification. The gulf
hydrographic input, provided by the Galveston District, was developed
by an application of a one-dimensional bathystrophic mode] (Marinos and
Woodward, 1968; Bodine, 1971). A tidal component has been added to this
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Figure 33. Hydrograph at Sabine Pass, southwest jetty for
Hurricane Carla.
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Figure 36. Hydrograph at north Sabine Lake for
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Figure 40. Hydrographs at Cameron, Calcasieu Pass for Hurricane Carla
(FK = 0.0010).
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Figure 42, Wind-stress vectors for SPH large radius, 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
translation (LR-ST) on an 8-nautical mile grid;
time = 40 hours.
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time = 60 hours.
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open-coast surge. A total rainfall of 16 inches in 24 hours is included
as input. The results are based on a block friction factor of 0.0010
and are therefore tentative.

2. LR-ST Storm Results.

Nine simulated hydrographs are presented in Figures 48 to 56. The
hydrograph locations are selected to coincide with the locations of the
Hurricane Carla graphs and are shown on the base map in Figure 16. The
maximum water level excursion in these graphs is nearly 19 feet and
occurs at the Beaumont gage (Fig. 52) at approximately t = 80 hours.

The highest elevation at Sabine Pass, southwest jetty (Fig. 48) is 13
feet and occurs at t = 77 hours. The Port Arthur surge crests (Fig. 52)
at slightly greater than 14 feet shortly after high water is reached on
the open coast. The gage at north Sabine Lake (Fig. 51) reaches a maxi-
mum of 15.3 feet which 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 hours in direct correlation with the surge character at
the coastline. However, the 7-foot level 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 Sabine Pass occurs quickly with
passage of the storm, and the open-coast water level has returned to
normal level by t = 90 hours.

Drainage inland slowly reduces water levels and, at t = 90 hours,
Port Arthur and north Sabine Lake have water elevations 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 prototype computation but slows considerably 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 improved the Hurricane Carla simulation, indicated 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;
however, the amount of reduction is disproportionately greater than
that seen for Hurricane Carla.

Table 5. Comparison of peak surges for the LR-ST storm,
using two different block friction factors.

pecs Location Surges (ft above MSL)
FK = 0.0010 FK = 0.0025
Port Arthur 14.3 14.1
Beaumont 18.7 §7.1
Orange Naval Station 15.9 15.2
Lake Charles 14.1 13.9
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Figure 48. Hydrograph for SPH, LR-ST at Sabine Pass,

southwest jetty (FK = 0.0010).
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Figure 49. Hydrograph for SPH, LR-ST at Sabine Pass, U.S.
Coast Guard Station (FK = 0.0010).
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Figure 51. Hydrograph for SPH, LR-ST at north Sabine Lake
(FK = 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 54. Hydrograph for SPH, LR-ST at west end of Intra-
coastal Waterway (FK = 0.0010).
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Figure 55. Hydrograph for SPH, LR-ST at Cameron, Calcasieu
Pass (FK = 0.0010).
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Figure 56. Hydrograph for SPH, LR-ST at Lake Charles,
Calcasieu River (FK = 0.0010).
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3. LR-MT Storm Data.

The large radius, medium translation (LR-MT) storm has identical
characteristics to the LR-ST storm with the exception of a higher 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 District. Runs were made both with and without
rainfall. Again, the results given graphically below are the tentative
results based on FK = 0.0010.

4. LR-MT Storm Results.

The more rapid movement of the storm center across the Sabine-
Calcasieu 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-MT 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.
Although 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. Comparison of peak surge and time of peak surge, showing effects of translational
spced of storm and rainfall (FK = 0.0010 for all three cases).

Slow speed Medium speed
Location With rainfall With rainfall Without rainfall
(ft above MSL) | (timel) (ft above MSL) | (time) (ft above MSL) | (time)

Sabine Pass entrancel 13.0 0 14.9 0 14.9 0
Port Arthur 14.3 2 13.2 2 12.5 2
North Sabine 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 S 11.7 6
Came ron 11.3 1 11.0 1 10.8 1
Ea_l;e Charles 14.1 6 .1‘4‘._2'__“ 6 13.2 6

INearest hour after that of Sabine Pass entrance.

Comparison of the first and second sets of peak levels in Table 6
indicates a reduced response at nearly all stations within the Sabine-
Calcasieu system with an increase 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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Figure 57. Wind-stress vectors for SPH large radius, medium
translation (LR-MT) on an 8-nautical mile grid;
time = 15 hours.
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translation (LR-MI) on an 8-nautical mile grid;
time = 20 hours.
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Wind-stress vectors for SPH large radius, medium
translation (LR-MT) on an 8-nautical mile grid;
time = 25 hours.
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Figure 60. Wind-stress vectors for SPH large radius, medium
translation (LR-MT) on an 8-nautical mile grid;
time = 30 hours.
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Figure 61. Wind-stress vectors for SPH large radius, medium
translation (LR-MT) on an 8-nautical mile grid;

time = 35 hours.
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Figure 62. Wind-stress vectors for SPH large radius, medium
translation (LR-MI) on an 8-nautical mile grid;
time = 40 hours.
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Figure 63. Hydrographs for SPH, LR-MT (with and without
rainfall) at Sabine Pass, southwest jetty.
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Figure 64. Hydrographs for SPH, LR-MT (with and without
rainfall) at Sabine Pass, U.S. Coast Guard

Station (FK = 0.0010).
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Figure 65. Hydrographs for SPH, LR-MT (with and without
rainfall) at Port Arthur (FK = 0.0010).
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Figure 66. Hydrographs for SPH, LR-MT (with and without Lw {
rainfall) at north Sabine Lake (FK = 0.0010). ';E“‘\_‘_-?f '
3567
Doy
12 \
T

L SR




I8 18

154 s+ n
DATUM- MsL R -

L L]

a4t WITH RAINFALL |

WITHOUT RAINFALL

WATER ELEVATION (FEET)
WATER ELEVATION (FEET)

Y wR a8 L SO ST L )
| ELAPSED TIME (HRS.) ELAPSED TIME (HRS.)
b Figure 67. Hydrographs for SPH, LR-MT (with and without
| rainfall) at Beaumont, Neches River, and Brakes
L Bayou (FK = 0.0010).
161 ll]r
15 M 54 DATUM-~ MSL
4 N
| WITH RAINFALL N 1t s e
124
~lld
| -
L Emo
f 's+
: 5,]
3 g 14
: o &
| B st
: ! LE 3
i 3
| I
i ?
‘\ I+ (K 4 !
a P + ' + 0 —t — ) |
hasfRil A O GPE T S e sl R S ?
! ELAPSED TIME (HRS.) ELRPSED TIME (HRS.) i

Figure 68. Hydrographs for SPH, LR-MT (with and without
rainfall) at Orange Naval Station, Sabine River
W , (FK = 0.0010).
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Figure 69. Hydrographs for SPH, LR-MI' (with and without
rainfall) at west end of Intracoastal Waterway
(FK = 0.0010).
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Figure 71. Hydrographs for SPH, LR-MI (with and without
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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 Lake appears to show no
change. An examination of the wind fields close to the time of the peak
surges (Figs. 46 and 61) indicates that a greater wind-induced setup
within the lake occurs between Port Arthur and the north Sabine Lake
station for the medium speed storm, due to the favorable orientation of
the winds near the time of peak surge at the lake entrance.

The response at Beaumont and Orange, both of which are well inland
of the main lake area, shows a significant reduction (3.6 and 1.4 feet,
respectively) as well as a greater timelag 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 MI storm in contrast to the situa-
tion for the ST storm. The limited access of water to these regions is
apparently responsible for this sensitivity to storm duration.

The influence of rainfall and associated runoff from drainage areas
well inland is shown very dramatically from a comparison of the second
and third sets of peak levels in Table 6, particularly for Beaumont and
Orange Naval Station, where runoff produces a differential flooding of
3.6 and 2.8 feet, respectively. A differential of about 0.6 foot due to
runoff and rainfall occurs even within Lake Sabine. The effects within
Lake Calcasieu and upstream to the northeast are less pronounced due to
the smaller runoff.

VIII. CONCLUSION

The use of a modified program for inclusion of subgrid scale channels
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, Orange, and Lake Charles
is via river channels which would not otherwise be resolved by a grid
scheme of the order of a l-nautical mile scale. Even for conditions of
extreme flooding, as occur during hurricanes, the incorporation of the
subgrid scale channels provides a degree of freedom for return flow in
the presence of water level gradient, which would otherwise not exist in
models which exclude subgrid scale channels. The simulation of Hurricane
Carla in particular is improved over that attainable with the SURGE I
program which did not allow for the subgrid scale channel subroutine.

While programs such as SURGE I can, in principle, simulate the effects
of channels, provided the grid 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 economy by
the use of implicit numerical models such as that of Leendertse (1967);
however, the accuracy of such schemes when used on a competitive basis,
from the standpoint of economy (large time steps) can suffer relative to
that which can be achieved with the subgrid 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 CHANL, 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 SUBRQUTINE CHANL and the way in which the channel
computations mesh with the block calculations. Thus, while many users
may prefer their own version for calculations over the main grid, it
should be possible to incorporate SUBROUTINE CHANL with their own pro-
gram when applied to systems like the Sabine-Calcasieu region in which
allowance for channels is essential.
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920 "Ge“(Tev)umlye)) 900000180235
00 93n 135,80 MAINO23S
930 RARY(TeM)en(]e]) MAINO2Y?
940 CoNTINUF “AlNQ23A
IF(YU,LT,~“~ax) GO TC 9¢S MAIND239
c
00 9S50 xgt x~ay MAINDR40
00 950 LetyLuAx “aln024l
XR(xyL)mg, 0 MAINO2W2
YR(<sL)un,0 *aIN024)
980 CONTINyE MAINQ24d
G0 TU 10g® ALN024S
C
Q9% 1T T mINNTLeqn MAIN G240
180, PRt 101ALTRNTY MAINO2uWY
1000 Fum aY (| FEAR In DATA o Y SSING ([olSe Xoumpan ) BIN024R
ST wAINGRul
(4
1615 CALL ®aRY 2 Y A1 3284
1024 STUP aln02s)
Eny YAINA2S2
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BUBROUTINE PaRT2 T4773 oPTe2 FTN Wobeu2n 08/22/77 16,511,008

1 4
4

SUENCUTINE PaRY 2 PT2-0001

¢ 7

s COMMUN/BR LW/ TR(100)eJEBC100) o 22X(100)+12v(1AD)4TICACK(10%) Preegtye

1olCDCYC10M) o I1CNSR(100) o ICOSY(10N)oLOOI(A)eLBTI(A)4NIST(24) PT2e(99S

ReCRST(30) (RN(A, U)o =GR(A) e xQ(A8)oyE(Ren)e=0K(R) PY2etnrn

COYMUNZAL N2/ T2€2R020)0U(23420)av (280200 (23420 ) 4> TIVE PT209%07

COMMON/BLKE/ P m o “PIN oM AN NFUGINE LD Y ) e v WV AR LYATDEL G LELT PTgagncA

10 ToCO0 R WAl o IO T e I obd M T ol ddgThbletr? My “¥,BF,C0 870§ 123009

ReTMRU G JMRP MR T STA g I D N g (Mg NORT » T ME o INT I FaNCal*DaGRAV PT2e)0)0

JokCMPDF T TER PT2etryd

COMMUN A Uy =00 (B)oCROCE) X2 (2U) et (23021)471(28421)ex2(28421) PT2e0212

10202321140 (28)0Y(28) 9 G1(28)4%02(28)+=31(8),~A(9)sv\(28) 120013

18 20746 (2R)ennp () PT2e0014

CuMmyny/R xS/ 1CAI130)0JChCLI3V) el fxe130)elerve130Y,412C20130) PT2e2015

TeT2CY(1%0),3CYPt132) 000U N(130)40CYPE1Y%)aaCy f130)¢mCl130)e=2(130)PT2a2]5
Re%CM e Cu(130)emCYCL30)oMCH(133) et T30 oUCEI130)en@I(]135)elnn> PT2esn?

JoEN(20130 ) avCT(L30)0VCF(130)valGY(180)ea0uv (13N} alfu®(139) PT2e0M13
20 GokTYP(130) g MLA(SO) oSL™yIFC(159)eFC PT¢2edn19
COMMON/A Kgps “GA™(B025) s =3~ (3028)s X" (Ren929)s ¥R (B4pe2S) LAF L DLFL]
COMMON a T/ TEOCenNFolbL NJodLprmaliun) Pr2ennat
COMMUN/RLMA/ =g(9072)s NS(eT2)s TIve(72) Preenng?
COMUUN/R LA/ €23 LT v U RO CT ol CBalm ot o Tanna? FXT [Ty kCo[FIRSTOTZaA;]
2s LodoItn vEe o MhCoaNE~SoXNCHT, CuoRaIngdJoalo Ju n]le PT2erngs
COMMCN/ALKIN/ NGAGENFLOAIIGAGE(12) o JGAGE(LD) ¢nFLOAle) o X¥INex* 4X PTga(A2S

4
i ARSF(x)mans ) 81240026
SOKTF(x)3e 0Ty PT2.0027

30 (4
NUMRUS TuRE PT2e0n28
nlsx] PT2«0029
LIsLy PT220030
Geavala,1u5h3ss Preecnst
s CiIsFaspEL Y PT2e0ny?
C2B(GCRAVENELT) /(240NELX) Bree0niy
C3SDELT/DFLY PT2eiNli
¥ B vl Pr2ecn3s
Jreralrat PT2e0N 30
S ~Tan PT2-0n37
NNEBO PT2e0n 38
NEAT ) ®y PT2ecn e
1182 Praectut
nlay PT2aprul
“s IF1RST3e PT2ernu?
Jeltosnfieg PYT2erre}
00 130 Te1el~ PT2eCOud
vhil)ao, Pr2a0"uS
Lo 130 Jete s PT2alNus
0 “lled)al2(1e ) PT2egnu?
isl2(t.0) PT2e0nut
IP(2,L7,%01) weled)enG] PT2«0Nu®
vlledysn, PT2e0nS0
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- e

s
80
(3]
70
%
i 80
(L]

108

SUBRQUTINE PaART?

" O Nn

LaXal

15
140
2
230

2%0

148

200

3o¢
310

320

3%
Ju0

T4/7% ALY FTN G,04420

viledran,
MYvERat

READ CHANMEL PaTA AND ESTAGLISH <Evy aQRaYS
IF(XCM,6T,0) Call CA%L(])

08/22/77 1e.51400

PT2ecnS1
Pr2-00%2

PT2.0083

READ GAGE LNCATIONS FOW SAVING Xky w AP Q vALUES AS TIME SEQUENCE

CALL SavEry)

WEAD L18T DATA arnD PRINT PROSLEX IDENTIFICATION AND 2 FIELD

READ 18, TRERToTE DenNFolRELTIMONINCARD
FORMAT(TaTueals)

FORMATL  siw o15420154201042)

FORMAT (1))

FOR“AT(154241%02+1082)

PRINT 220

D0 250 Jm1oNCARD

READ 238, (aLbwa(l)elztou0)

PRINT l{upe (ALPwA(I)eIm1,40)

PRINT 229

CONTINUE
REZ(RF/12,)sCcONST
NEmIZNOW
XNQaSr O
NE~3srQRT
XNORTaNNOTY
I18TRstgraenky
1*0m%penFy
AJsL2

Aflsxl

Jure Jvey
LIrsLZey
KIKEXZay

ENTRY pant 28

NU 8 (NYaTHTIME)/INTER

CaLL Piny

PLOT CwannELS AND BARRIERS

CalL Savgr2)

IF(XC™,67,0) CaLL C™anL(4)

START QF TIMp [NCREVENTING LVOP
CONTINYE

IP(NQwIND,LT,0) GO TO 439

IF (AFatanD~)330e3100310
Com(CHgT(NEXT1o1)=CHST(NEXTL)) /X O0n
BINDECHST(NEXTY)

NEalmy

DO 320 ngs2myiet™RO
CHOCNELR)m(POINFR2yNEXT o) )arO(NEn2 NEXTL) ) /XNGH
NEXT Ny Tieg

GO 10 34n

NEATBNEmyoy

ANLONE LY

PT2005¢

PT2.005%
PT2e0056
PT2e0087
PT2=00%8
PT2-009%9
PT2e000n
PTcenone!
PT2e0082
PT2-0003
PT2-pnst

PT2-00065
PT2e0006
PT2-00s?
PT2-00068
PT2<0%09
PT220070
Pr2-0071
PT2e0072
PT2-0073
PT2-00740
PT2-0075
PT2-0078
PT2-0077

PT2-0078
PT20079

PT2ep082
PT2e0043

PT2e0nAbL
PT2.008S
PT2e0086
PT2-0047
PT2e0ng8
PT2e0ne9
PT2eCN9N
PT2e0991
Pr2<0n92
PT2.0093
PY2e0n0u
PT2-009S

BEST AVAILABLE COPY
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e

SUASQUTINE PaarT? VAR [LA% I FIN Ge0eu420 08722777 15,51,08

CHSTwaRT  elAN el ) oCn PT2ennas

YCsCnyto PT2enne7?

00 380 wamiel“R0 PT2.0n48

111 NEBNEXTY PT2=0n99
3830 ~0(<ajman(xa, qx=} Je(ANla],)2CR0(KA) PT220100

ImQUEBNTIHE s8FLONFY PT2a01231

360 IF(NTIwFerSTR) 43003800370 PT2.0102

370 IF(NTIVFarnn)3an,u)leulo [ AFTTREE

118 3A0 IP(NEaYeuneT)upne3dne3nn PT2en)nu
39y HEAUB(CTRT(KCey)=DISTIXC)) /XNCRY PT2ec105

14 LI PT2=01086

NEaYs ! Preenin?

60 ' w20 PrT2eg10A

129 G0 NE~SEVEete PT2-0199
67 Tu w20 PTeagttn

410 “Enmcsar PrT2a011t

wCaxCey PT2en112

430 CNNTInyS PT2en113

12% ANv3anE Ly PT240114
Ahus Fay PT2e011S
RE(APO(DIST (Kl )*(Aviot )0ad )) /X 0RTY PT2ectlb

Ral~eo PT2-0117

G0 YO 4uo PT2.0118

130 W30 Ralusn n PT2ec119
4uQ CONTIMgE PT2=g120

i 4 E“0 0F 2ar* a%np RO VALUES
c
c START gF o1*n ¢r=PUTATIONS

138 500 1F (JuinDarnFU)a0ue8004510 PT2e0121
$19 CONTINuE PT2e0122

S60 1F (1F1R8T)ENN,8704870 PT2e0123

ST U7 San Tareqn PT2e012¢

mGi(I)e~Go(1) PTR=312%

140 00 San Juty )~ PTean126
X(Ted)mud(Tedy PTeeg127

S80 YI(Ied)mv2(T4)) PTeet1e8

PO SS90 tRyg2.A PT2e0129

§90 FEl(IR{Juwedr[R]) PT2ar130

148 %0 “TIvkevTiuiey PTRe0'31
1TevTivr,y PTRen132

00 #IN Tatenvsy PTRe0133

LIS ST LI RIS ERA R PTRe0134

1B (r0mInD, L") GO YO 010 PT2e0135

150 0O 029 JutolL™ox PT2eg13A
A¥(Tedymyut 1e2e1T) PT2e0137

0¥V YE(IeJ)myPurlegelT) Preeg138

o1u CONT[uE PT2e0139

0C o850 Jud,y9 Proantul

158 %0 ~RR(J)emREN(Je]T) PTegiul
¢4l JaiNCe) PT2agtue

182} PT2e0143

00 710 Letel™ay PT2e014b

JCsiet 78l 1)) PT2e01uS

e I g M -




8URROUTINE PaRT?

100

170

178

180

190

200

210

[alalal [aRalal

Yuyru  pets2

FIN 4,b64429

08/22/77 16451400

L0 680 wgyumv PT2«014b
I181e(x2a(xey)) PT2=C14?
123T)ex1x PTe=t14b
URREB (X8 (koo )exk(xel)) Al PT2e0149
CYNB(YRIKa o) aYR(KoL)) /M) PT2=0157
GO TO (ASN,68%)4¢18 PT220151
650 UMK (™GR(Ms1)auGRR)) /AL PT2.0152
660 0N 480 fCaltel? PT2-0153
OFusiCery PT2e0154
Y2(ICeJC)ayR(KyL)*(DYRO(DFUS,S)) PT2en18S
X2(ICoJCrmxo(x,L)*(Na38DbL) PT2-0156
GO TO (e7n.040)418 PT220157
670 "G2(IC)amna(x)enmRO(DFye,S) PT2=0154
8%0 CONTINyF PT22015%9
DG 690 IRYe2,A PT2e0100
690 HB2(19T)gnAR(TIRT) PT2=c10!
GO TG (Y0n.71M) .18 PT2e0162
700 1832 PT2=0163
710 CONTINGE Pr2eited
O 7Te0 Iay, 1> PT2-c105
0C 730 LuyL¥~ PT2eC106
Jiste(L2ecLe1)) PT2e010?
JamJieLJx PT2e0108
JIKI® Jiexy PT2=0169
JiILJeJyeL? PT2-0170
DXRE(X20 4 IKT Y=X2(10J1))/al PT2-0171
OYRB(Y2€1,J1LJ Yev2(ledl))zay Pr2e0172
D0 720 JajieJg2 PT2=0173
ofusJteyy PT2=0174
K2(1eJ)mxd(14J1)¢DCRS(DF U4 ,S) PT2-0175
Y2(IeJ)my2(1,J1)¢0r@80Fy PT2<0170
720 CONTINUE PT2ec177
730 CONTINGE Pr2-cive
P4y CONTINUE PT2e«C179
1P (1F1agY)750,A004800 PT2e0180
780 [FlASTs PT2e0181
GO T0 879 PT2e(182
800 CONTINyE Pr2en18}
810 ANUPEYPRY) Pr2egiu
~INDSJalvp PT2ajt S
CFus(a1rDat,)zaniuP PT2e0188
DFUMBDE sy, 7an0P) PT2-187
0O Agn vy, PT2e0188
820 MB(X)euP (k) enpuU T (=32(X)ona]l(x)) PT2=0108
HG(I¥) e wAp(Iv) o CFUMe(RGR(Iv)enGy(IY)) PTee180
$=LEP wwpLE FIELD FOW FLO® FRO' BLOCKS
8%0 00 2010 Jujoegem PT2=0191
THIS Biuanew SuPS T=E INVESTIGATINN OF POSSTSLE BARPIFRS FOR Twg
ACr Jof, #QR Jgt THE INDICATUR LGed IS SET, IF J 1S GREATER Twan
| A SEABCM FOO BARRIERS [N TRE RQOw «ILL TAKE PLACF,
840 nJ ® o PT2«0192
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SUREQUTINE PaRTQ

1S

220

22%

238

240

248

250

25%

gt N

[aRaNaNalal

&S¢0

BRO

(ol

ar0

ery

&9

[a N ol ol ol on

§7v
910
920

1000

n Oooon

1019
1020

c
1030
1060

Lalal

108V
1083
1084

NUBLE (o

VAL (ALY FTIN Gobeu20 06722777 18.51.00

L0 FY2.0193
A NOwMa| COMPUTATICN SEQUENCE mILL OGCCLUK,Twek FIRSY xeUIR FLUX

TErPOPARY STORaGE IS SET AS TWaT ng TwE FINST COLUMN,

Trg NoivRED AnP LLCATIONS OF Tep pARTIERS PRESEAY In TWE R0s ARE

FLUNG anp PLACEN In TENMPORARY STCRuGE, IF ND RERRIERS ARE PRESENT

TRE INDICATOR xJ RE¥AINS ZERO,

1F (%=, £g,0) GO 10 870 PT2-0194
LC B850 Kgyokm PY2-019S
1F (JeJR(x))B60¢85008060 F12-0198
“J s K] 41 PT2e0197
LELe] PT2-0198
“6(L)sx PY2-0199
ConTINyE PY2=-0200

CASEC ON wJs TWE INOEX LJ IS SEY Y0 IMNDICATE TrE QARRIER SITUATION
1IN TRE wpre cOMPUTATION, LJEL FOR NO BARKIERS,

1F(XJ)RY0,870,880 PT2e0201
LJs) PY2er202
GO Y0 8ap PY2e0203
Lis2 PT2e0204

T=1S 1S Teg PRIMARY LDOP FOR STEPPING THRU TWE I GRID COLUMNS,

D0 2000 Jefel¥m PY220205 |
SEGIN TegE EvaMynaTIOn OF TWE BASIC TWIAD OF GRID SQUARES, THE

CUMMY VAWTARLES W1eDlem24D2 AN O APE USED 1O &LLO» ONE ROUTINE TO ‘

t€ E“PLNYEL FOR BUT™ SETS OF SQUARES, SQUARES ONE aND TwD ARE

TAKEN FTRST,

IF (Je1)61046104920 PY2e0206
LIS ST LISES STLILL LT IS SELISNE ) PY2=0207
A01)EEn(xt (TodyeDFus(X2(I0d)=X1(T0J))) PY2=0208
YO1)sServy(Tod)eDFUs(v2(T0d)ovi(10J))) PY2e(209
1B K(T,)) PY2-0210
28 12(100) PT2e0211
C1 8 wye2 PY2ep212
T=18 BRanCw «T_ L SET UP A SEARC™ Fpo 4 BARRTER TN THE SGUARES

BEING CONSIPEREN IF LJs2, 1F L =) 0P TrHE BARRTIER Ex18TS BETEEN

Tt LTmER PaIW NF SGUARES AN INDEX 1S SETy (lsl, FOR A BARRIER,

Lis2,

GC TC (1060e1010)0L) PY2=0213 ﬁ
T=18 X LONP SFARC™ES FCR & BARRIER Tn TWE PalR OF SQUARES,

L0 1030 xmyexy PT2=p214
i K8(uny PY2e0215%
IF(T=1R(K1))I103A¢1020¢1030 PY2eg216
LIs2 PT2=0217
GO TO j108e PT2e0218
CONTINLE PT2e0219
Lisy P12e0220
THE Dumvy vaRTAALES n2 AND D2 ARE SEY FOR TWE SGUARE ONE AND TwO
CALCULATION, THTS 1S INDICATED BY _nsi,

CONTINUE PY2eg221
"2 8 H(le14d) Pr2=0222
T8 12(Te10) PT2eg223

.._,,...‘_q
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SUBRQUTINE PaRT2

0

278

295

308

1080

lalal (alalal

1070
1089

1090

1100

Lalal

1110
1120
1130

LaXaXal

1160
1150

1160
1170
1180
119¢
1200

1210
1220
1230
1240
12%0

1260

4
1270

74/% (1AL T}

02 8 %2 &2
LG s

FTN 400620 08/22/77 16.51.006

PTZe0224
PT2ag225

THE INVESTIGATINN OF THE RELATION QET«LEN UaTu~S OF ROTH PATRS OF
SOUAKES BEGTIAS ~ERE, TRIS 4R4arCw TESTS LI FnH 4 BaRRIER,

60 TU (111001070)0L1 PT2eg226
A BASRIFR EXISTS AnD ON THE bagls oF LG TWE DATUM IS ASSIGNED THE

PALPeP muoeTED wEIGHT,

GO TG (108041000)0L0 PT2e0227
25 al24tur) PT2e0228
COOY = renowemy) PT2e0229
COSI » ICcnSX(=]) PT220230
GN TO 1100 PT2a0231
19 8 I2v(e]) PT2e0232
COCL = fCnOY(X]) PT2-023%
CNSI » 1cn8v(x]) PT2e0234
IR & 79 on,1 PT220235
C00! o corl & 001 PT2=236
COSI » cney & _n01 PT240237
G0 TU f1un PTeen238
N0 RadAtee Fx]§TS, THE RELATIVE DaTi™ wEIGRTS OF ThE SGUARES 4<E

TESTED ann TWg w[GWER DATUM SET EQuAL 10 2o,

coul = ¢oHn PT20239
IF (MfeNjen2eN2)11200113001139 PT2«0240
1Ra(r2er 2y PT2e024!
GO TU 1t1un PT2e0242
2% 8 #| o Of PT2m0243
T=E InvEgTIGaTINN QF TRE CEPTW SIGLLTUNES BEGINS AT TwWIS POINT,

TwE PROPER ASSIGNMENT 18 “aNE FOR TWwE FLUX CLACULATION,

1%(N1) 1150411601190 PT2e024b
Lusy PT2e0245S
60 YO g19n PT2e2ub
L 82 PT2e024u?
IF(N2)1%8ns 130941187 PT2=02u?
1P (=2e20)13A001%0041260 PTeen?ud
1F(C2)120n,121n01230 PT2e0250
Lhsy PT2e0251
GO TG 1229 Pr2e02%2
LMs2 P12.0253
1F(=129)1369,1350,1270 PT2-0254
I#(=1e22)118001'6% 01260 PT2en255
IF(=2«25)125041250012%) PT2e(256
Lve2 PT2e92%7
GO TO 1270 Pr2en258
O~™alden) PT2e0289
DPaABS(Nm) PT2e0200
T40 ¢ e 22 PT2e0281)
GO TO £12901380) 0L PT2e0202
Oesmle2n PT2e020)
OPsaas (N Pr2e0204
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SUBROUTINE PaRT2

329
1280
1290

1300
328 1310

132V

1330
330 1340
135¢

1360
338
1370

340 1340
1390

1800
348 1460

nn

14%0
380

16460
1470
1480

380
1090
1§00
1505
1510
365 1520
1§30

18§60
370 184)
1545

st AL O

VA noetTap

T4l ® 4,0 DF

GO TG (13n041380) 0L

GC TU (1umne1¥3n) oLl
mlled)u~jeny

GO TU 138n

GO TO (1310013200000

Hl1eleJ) ® =2 = (2

GO Tu p3%n

mllvdey) u =2 o 02

G0 TC 13890

IF (Re(rteall)) lueNelub0el3ed
IP(Zre(=2eD2))1u0Ne14b6501370
IF(CP, L7, A, 000001) GU TC 13s0
URE~ & rCnal an=)®(CLOISL™)
GO TU j3an

Gad,

GC TU 1870

UrErlend

TAD & DrenQ

DB 3(f(m1e=2372,) =15) ® CDS]
0PE~ = NDRsDA

GO TO (13@041400) LR

G 8 UfTere))

PUS™ ® x(1 ) s CELT

GO YU jusn

G sv(lyJer)

PUSH & v(1) = DELT

SPECIaL caLCulaTION OF G FOR BaRRIERS
GO83GRavarsty

KGaGUS/(CreTAN)
FORCELEEGErQePUSH)*GOSO0

*RGENG/D, .

G 8 SNRY(LaS(FORCE)enA(e32) = nRG
IF(FUBCE,LT,0,) G 8 =G

GO Ty 1%9n

60 TU (14a7041697)0L0

G 8 Ulrers))

Bl & v(T4J) o veIo1ed) @ v(IeJdel) o vi(Ieledely
PUS™ = y(1)s NELT

GO TU 181

U e V(leJet)

BL 8 U(TeJ) o ylIstad) ¢ U(Tedet) o UlIetedaty
FuSmay(1)spELT

Mos o, e

kB SOQTF  ((h) 803 ) ¢ (B) s gy )

G ® [, ¢ (CC1 & R) 7 ((D1*D2)%(N1+D2)))

TAD = Dren?

OF 8 wWiewp

[F(PUSHy(Rauf 186542

IF(N2en,011%07 156041545

1F(02ey, 111564,1560e150

132

FIN Uepeu20

08/22/77 186.5'.%8

PT2e02e5
PT2e0260
PT2e0207
PT2e0206%
PT2-0269
PT2-0270
PTee0271
PY220272
PT2e0273
PT2=0274
P12=0275
PT2e0276
PT2e0277
PT2=0278
PT2e0279
PT2=0280
PT2=0281
PYT2.0282
PT2e0223
PT2e02A4"
PT2-028S
PT2=02A86
PT2e0287
PT2e0288
PT2e0289
PT2e0290
PT220291

PT2=0292
PT2e029%
PT2e0294
PT2w0295
"a-e)Q.
PT2e0287
PT2-0298

PT2«(289
PT2«030%
PT2e0301
PT2e0302
PT220303
PT2e(30u
PT2-(315
PT2«0304
PT2e01307
PT2e(y0r
PT2e0300
PT2=0%10
PT2e03y)
PTe=0312
PT2=031%
PT2=0%14U

o Pt




SURAQUTINE PaAT2 VAR cortee FTN u,0%u20 08/22/77 16.51.06

1862 1%(03en,0)188n,156041%43 PT2e0318
18563 IF(D1e0,1)1%6u,150001500 PTzend1h
15uu PUS~en A PT2en3y7

1718 Go(Gey 10,0701, PTees31h

4
c STANCARE eaLCiLaTICY OF G FOR aLlfxy
1960 & a(1,0/G)8t 7 «(C2 ® TAD & _=)e P gn) PT2e0319
4
A LL) - TeE » aNp 0 COLCULATIANS BRE “aACE cn TrE AASIS OF TWE [NDEX (73, IF
(4 LARY TWE palCULATIONS APE POSTENLEL 4N 4 ST RN TQ TwE POINT CF
4 ISVESTIGATIN: CF TmE DATUM RELATICNQS=IPS 18§ WACE (STATEMEST 2))
c AFTE< Twg pUMMyY VARIARLES =2 a\D 12 49t SET UP F(R TwE ONEeTREEE
c SOVasFs,

L LL} 1§70 GO1sLysCy PT2e01%20
COemba/ey - ° PT2e0321
1P (aB8(n),LT,1,7E=10) GuC,0 PT2e0322
GO TL (1871e1681)0L0 PTe=032)

c
190 1571 1F(0)1572,1%77,1573 PT2e0324
1877 #(azey PT2=01325
G0 Tu 1%an PT2=0326
1572 “Le3y PT2-0327
1F("2e2F)1876415754157% PT2e0328

398 1§7¢ 80,0 PT2e(329
GO TG 18Ar PT2=0330

1975 1F(302eN) 1570187540 158¢C PT2=0331
187w L2 PT2=(1332
GC U 1sen PT2en33}

“oo 1873 ~Las) PT2=0334

18 (~1e29)15764 188001580 PT2=033%
1880 IF(Ie1)1800,1%0n1nlu PT2=0334
18590 If(JeJalytmicataldetleds PT2-3%37

4 CEFT mptn SEa~aR0 2OunDARY £ONpITIOY
@ os 1010 =(1ed)e=gry) PT2=2138
1620 uhsn, PrTee0319
GO YO 1874 PT2e03un

4 -

1630 IF(Jeltec)rpugognulole?( PT2e03ul

@10 foey [F(lefrvyreTro1a894i07¢ PTee(3u?
WIGHT maen RERa2RC ALUNDARY COADITIAN

1050 =(1"~yJ) & wGl1vr) PT2e(34ul
GO TC jenn PT2e03uu
1670 UNLE, Pree0sus

“s 1680 =2 8 =(1,Je1) PT2eClus
s 1Z2f1eJey) PY2eg3u?
02 a~2 <7 PT2efluR
La s 2 PT2enlu9

2092 GO Ty yrer PT2e0150
w20 c .
1681 IF(3)18%5,18%6,107)3 PTaec3s!
1676 1F(¥Ln)1a00,1nnR 1086 PTeenys2
1671 1F(gu73)1072,1n824105¢ PT2eC353
1872 G200 PT2eC354
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BURABQUTINE PaRT2 Jusre * po1mR BTN 4,0%420 08722/77 16+51.08

azs 1682 1F(™La)16%us1bRueln®S P12«035S
1685 IF(%Uleunt)1nRgeltboorinte PT2=01356
1e% uN13LDy PT2-0357
1684 [F(G0240)186R741n87+1090 PT2=03S3
1687 usei(? PT2e(1359
430 GO TC 1a9n PT2=01p0
1673 1F("1ez8)1672,16%30108]3 PT2«0361
1683 IF(MLw)tpRasippaslod9 PT2=0%p2
1688 1F(Q01en)1092,165241090 PT220303
169¢ U=(D} PT2«0%04
e3s GO TO 189 PT2e0165
1689 1F(QeuUN1anNN1) 19019041891 PT2«0306
1691 A003 = nelint » 0,00001 PT2«0%87
G s (N/0aND0) Y0001 PT2=03pl
UNL B (UN1/0ADONA) ) R0 PT2-0%89
“uo 1690 v™ 3 3 PT2-0370
Ulledyaun PT2-0371
Uy 8 Uy PT2e0372
v(Iedy = vntl) PT2-0373
VACD) 3 vny PT2=0%74
aus 2000 CoNTINgS PT2=(37%
UllMedyayny PT2=0%78
2010 CONTINYS PT2<037?
IFIXC™,67,0) Call CranL(2) PT2-0%78
C
S0 [ 4 S#EEP awOLE FIFLD FON m ON BLOCKS
4
Su~mo, PT2-(379
COunTmo, PT2a0ian
L0 2020 JmleJum PT2-0381
ass CC 1799 Impelvw PT2<0382
I812(1,3) PT2e0n}
Dism(l,yJ)ez PT2-03au
18(Jet1)17000170001710 PT2=036S
1700 »(lel) s wGC]) PT2e01k8
“e0 1710 I¥(D1)1ranstr2gei?2n PT2=0387
1720 I1F(Je1)1709,17Q041721 PT2eC3s8
1721 1F(le1)17220172241723 PT2=0389
172¢ 1F(JeJaL)1790,179041729 PT2-0390
1723 1F(lel™™)19294172%0172% PT2=0%91
ues 1724 1F(JeJaa)170,,179041729 PT2-n362
1729 SETUPECIer e =u(tolod)oviio)eviTedel)) PT2=01393
wlled)a wfleJ) & SETUP ¢ Rarn PT2e0 30U
SU»BSUveaRSF(m(T4d)) PT2«019S
COuNTaC “ref, PT2«03%4
ary 1F 0 0 o sFyup » ablh) 1740017601750 PT2e0397
1740 mCied) =2 12(1e)) PT2e0398
1780 1F(xC™,67,0) GO TO 1790 PT2-01399
4
rs 4 ENTEX PPEE VaALUES ON ENTRY RLOCKS OALY IF CWANMELS NOT PROVIDED
00 1770 !.JxsmyeniI™RO PTeanun
IF (LROJ(TU¥)eJ)1 7700176001770 PT2epuo!

BEST AV AILABLE COPY




SURRGUTINE PART2

LLL

49s

s00

s0S

Si10

s

%29

on

L T XX al

1780
1770

1780
1790
202¢

2075

2055
2090
2105

2100

2110

c
21%

4
2160

2150

c
2160

6% poTs? FTN u,64020

IF(LROI 1 14)e?))1T7T0e0T780,17Y
CONTINUE

GO TU 1790

mlled)s w(1eJ) ‘notlJ'J'Q!LY/fLELt"Z)
CONTIVUF

COnTInuF

IF(%CH,67,0) CaLl C=anL(3)

THE TIME TANICES a%E STEPPED TQ T “Ea LEVEL,

AT 8 MY 4

NTIVE 8 ATI%E o |}

JeINDEJaguney

IF(SuUM/C0UNT10n,) 2375421400210

TEST Twf STASILITY JF TwE COSPUTATIANS VIA 4VE AoS(H),
CO™PUTATEI S a%E SThole, CALCULATICNS CONTINUES
COmPUTATINNS acE UnSTAmLE. 4N ONeLINE ESS4cE IS PRINTER

TEST NT FOR Tws CUTPuT OF UsvemeDoxeY FIELDS,
T~ snTiuEalnTyE

1T ~aTyv

HINTRINTER

IPCCTIM/mINT)a I /1 TER) 2055,2085.2090

CALL SAavEr2)

IF(NTelnyuT) 2110421250210

OUTPLT yvemee¥ s FIELDSs DESET NTaC A0 STEP NN,
IRCINPLR 60,00 GO TC 2110

CALL Cwarni(a)

GC TC 211+

LA I

AN 8 NN o

FOUR & NTTIE uF

CaLL CwarL(a)

CONTINYE

16 (NYe wTI%E) 216092100290

SYQR~ cnome ®TEL, FlWAL OUTPUT GN TaPES,
PRINT 218a,n

FORMAT (21w STCP AS AT WTIME 3 ,14)
sTLe

CaLL Saver'yy
CaLL ContInr)
RETUWN

Eng

.

BEST AVAILAD

08722777 18.51.%0

Pr2entn?
PT2egud
Pr2enurcu
PY2e0u0s
PT2e0i406
Pr2a-c407
Plesquod

PY2e0un9
PY2eguyt
PT2eCult
Preecuy2

PT2e041}
PT2eguiu
PT2e041S
PT2e0ulb
PT2=04y?
Preatuyn

PT2egu19
PT2egu2n
Pr2egul
PT2ecu?
PT2enuz}y
PT2et4
PT2enu2?
PT2egu28b

PY2equ29

PT2egu}n
PT2e0ul
PTes~cuy2

PYT2e0u3l
PT2e0ulu
Preeguun
PT2eCuul

LE COPY




SURRUUTINE CwmanL T4/ [oLAR ¥4 FTN Uobee2n 08722771 18451400

1 (4
c

SUBROUTINE CranL(N) CreNL0001
L

L] COmMUNRLXY/ TRE10Q0)*JB(100)0TIZX(10n)elZYIn0)eTCROXC1CT) C=*1lgo0u

1e1CO0YC100)0ICOSXCLI00) 2 2COSY(100) e PCT(R)oLROI(R)DIST(24) C=NLnngS

2¢Cn8T(30)RO(RL30) 4 =GR(BR) s XxR(Beh)eYR(Rip)e™aN(A) C=\L 008

CO™™DM/ALMR/ 12(28)2V)¢U(2B420)svI2R120)9M(20420) ¢ NTIME Cr*long?

COMIMUN B KTy MM ™I N e AN ONFURINFLD I ¥eJ o muoM AX o “AX DELXWDELT (= V0A

10 10CONPA WGl oIOUTo X Lol o KIT LT oJdL ( JRAG K My =¥, QF,CONST,S Cm-L0609

Qe IPRC e JURO MR ISTRY IND I NOM oK L4y NCRT oMY [“E o[ uTI+EW QAINCoGRAY ConLgn1d

JoMCHP o DFUSINTER C=\Lony

COXMOM R KGy =RN(A) 1CROCB) v XE(R2U) eX1(26021) Y1 (2B421)0x2(28021) C=%L9%12

ToYR(2P 21)ax(28) Y (280 NGT(26)4~G2(28) ¢ 31 (8] n3(Q)ayN(28) E=spony s

19 20%6C28) ymR2(R) CrvLoat e

COwuura S/ T1e6(330)eJCGII30) o TaCxr130)0lacyr130),12Ca01YC) CerLonyS

1012CY(130),ACYPCL30)0CCXNE130)4RCYPLIT ) eQCYN(130)e=Cl13C) =P L130)C" 10014
oXCH e Cy (150)enCY(130) ¢ XCB(1350)euCT(139) 0 uCF(130)¢¥RTC130)sT50 CerLeoy?

JoXeN(24130)avCYCI30) o VCF(139)0aCGY(137)+a00v(130)enCxP(13D) C=L0918
20 UeXCYPC130) o LB(SO) o XKL™yIFC(150)4FC CH~L o219
CO~“Onyarxyys feruenfe IBL  o*JyT(40) Eunlpo20
COm“0t/8 Qs 2ol Z oMU 0gC aC2yCBalmmo v anTont o BT o TexCoIFIRSTCR"L (N2
1oJal P vEun] p XD~ sNEr 3o XNORT,y CUaWAINsAJoATl v Ji KK C=%Lonee
EQUIVALFNCE (NDasDAC) Ce~Lgn2d
2% C
ABSF(Y) 3 aRS(Y) CreLcn2e
SARTF(x) = SgRT(X) c=rL0n2S
(4
GO0 TO (1060420000300006000) N CHNLDO 20
30 c
(4 CHa“~EL CcODE | 1S FOR KEADING CrasnNFL DATA 4NN ESTABLIS™ING "Ey ARRAYS
(4 CHa“<EL cNCE 2 1S FO0% FLO™ AND MEIGHT CALCULATINAS In C=avt“ELS
c CrantEL €NOF 3 18 FOR CALCULATION OF ~ On o(OCKS CONTAINING CHANNELS
c CHANNEL €ODE G 1S FOR LISTING OF CmanvMel QuTRUT
35 <
C ENTRY POLIYY | p0OR READIMG CHa™NEL DATA, INITIALIZATION anE FOR
C ESTABLIS~InG wEY aP2AYS FOUR ROUTi%Ng CALCUATIONS
4
1600 PRINT Sue C=ALAB27
40 PaILT Sa9 CrrLcn2s
600 FOU=“aT(t Twg FOULLOAING AKE SUBGRIN CHANNEL DaTAe 7 vALUES I~ FEC=~_0n29
1ET (1) CHANL 0N SD
Cus(OF  xoe g CHALON L
4
4s & A “EGATTIVF T -Cx (R (aCY IDENTIFIES THOSE Cma‘ELS »ITw 9433TERS OF
c EGLAL BLEVATION O wdTr SIDES SUCH 4S 8 JETYY SYSTg™
c FOw §1.6GL6 @4PRTERSe THe LATIER I8 Taxs . DOV Twg IWNER SIDE OF THE
< Cen’ a8y &LCCxk IF J2C IS NEGATIvE. amIle ON twg OUTER SIDE IF 12C IS
(- POSITvE
$0 E0 KL wgyoxln CmrLut82
REATL Sny, IRENTe TCGER) o JEOCR) o Yv ExCa) o I2CR(R) 0 TalY(R)eI2CY(K) (=t 273N
1elkC(n) Cruionde
1F(IrC ), kn,ny IFC(%)8 FCoiu000 C™NLiNgs
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SURROUTINE CwmanlL Tus%e  geTEQ FTN 4, 040420 08/22/77 16.51.08
§01 FORMAT(T],2X,75¢9(32019%)) CrnLCo3e
SS IPCIOENT NE,A) GO TO 510 CPAL03?
§0 CONTINUE CenL0n3A
D0 100 wgyuC™ CHALOO3O
“ENCle)mn CmaLO0%4Y
KEN(R2ex)2n CHYNLONGY
69 %Qr(x)en CHNLORW2
KCX(%) 3 ¢ CHNLGDED
KCy(x) a » CHrLChuu
KCXP(x) 3 g CunL0nuS
KCYP(X) » @ CrnL00us
oS 1 & 1CGtxy CH%NL0ne?
J & JCG(x) CHALOOUS
DO 80 Laj, xC™ CHNLOOLO
IPCICO(L) EQ, (T+1) ANDJCG(L) (EG,J) %CVvO(X) = | CHnLCaS0
I'(ICG(L)‘tﬂ,I.IHG.JCG(L).Eq.(Joxl} KCKk2(4) 5 ¢ CHaL0IS!
70 IFCICGIL) BN, (1e1) (ANDJCGIL) ,EG,J) XCY(<) 5 | C nL0952
IFCICGEL) B0, T,0N00JC6CL) ETuCdmt)) <CRE<) 5 CHvLENS S
80 CONTINgE CunLONSY
XCo(x) = ¢ CHALONSS
IF (%™ E,0) GO TO 91 C#nL0NSe
id 00 90 (=:yex™ CrhLens?
IPCIBCL) ,FR,1,2%04d8(L) L EQ,J) XCB(%Y 3 L c¥nLcnss
90 CONTINyE C¥ALOOSO
91 CONTINUF CrhLCNeN
UCT(X) = a,0 CHnLoce!
80 UCF(x) = n,0 CHNLOOB2
veT(%) 3 a,0 CHnLO083
VCFtx) = 0,0 CHNLANpY
RP(K) & WlleJ) C=%L00eS
PRINT 8§02, K o1CG(%)0JCO(X) o IaCxln)yTZCXCX)orCY(XK)oTIZCY L)V IFC(X) CHVLONES
8s S02 FOSYAT(( K3 (TS50 ( ICOZ (o339 ( JCOGEIwI3el lalyalolSel 12CN[s14 CmsL0Ns?
ol InCympoa1Set T2Cyslolugl TPCat,yTuy CmNL0NnA
100 CONTINUE CHNLO089
4
c ARRAY KL INENTIFIES BARRIER BLOCKS ~~]Cx ARE AT COM~ON
90 - #1TH CHANNEL 8LOCKS
LC=z ¢ CHALO0T0
00 108 ¥gyyxv CHALOATY
Is]8(x) b CusLOnY2
JeJR (k) “ C=nL0073
9 00 102 Layykc“ 3 CraL00Y0
I1F(ICG(L) EN,T,aND,JCG(L).EQ.T) GO TQ 105 s CHNLONTS
102 CONTINUE CHNLO0TS
LCaLCey CHALONTY?
KLB(LC)ymx CHaL0078
100 105 CONTINUE CHALONTO
KL~aLC CHALOORO
4
¢ T™E FOLLOWING CREMTES A SPECIAL INCFX 503 (waNNEL STARTING 4ND END
4 ANY BLOCK »17Tw SEGATIVE IGC €2 JuC 1OE~TIFleS a4 CwaNnEL E'O POINT
108 c ARRAY KExn INFENTIFIES ~HAT TYre OF EvC POINT ExISTS ACCORDING YO TWHE
4 f HEY $ xCa Q
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e ——————————




QUARQUTINE Crani

240

250

258

200

209

“sS0

300

“7¢

CLM

Su9

T4/74 LALF]

I (%J,LE,u) GO Y0 wev

LanaLMe

LRag

Co 4S50 Latvylvan

IF(LROTIL) ,F0,1,4M0,LRCJ(L),e3,d) LosL
CONTINUE

XRI(<)mLR

IF(LR,GT,A) Lana ~e]

IF(JCG("),GT,0) GO TU 300
IP(LS,.E",2) GO TO 3¢
L5882

GU Ty 410

CONTINGE

IF(LR™,EQ, I¥RN) GO TU w8y

PRINT 4704 LEM, ™20

FOR“AT(l foz/7(0ess89s838.aun] Goasansssss

1 0 CraNYEL END oCINTS(g/( ~aTC

FTIN doeeu20

ONLY (o135
= TRE(eI3e( RTIVER INPUT PONSITIONS( C=\ig1R9

08/22/77 16451400

CwnLo17)
CmrL0y 74
Ce%L0175
CHaLO1Te
CHaLO177?
CmnLo178
CHnLO179
CHALO1A0
CHnL0181
CenLot 82
CHNLO1A83
CHnLO1 846
CHNLO18S
CHnLO18s

CxaL0187
CmnLO188

R A P P T T P Y T T Y PR O AT I C I

CONTIys

PAINT §aa
FOWMAT( )

00 00 wwtyuC™

CHALOo191
CraL0192
CunLO0193
CHALO1G4

PAINT 8804 KyKCX(R)oMCY(K) yXCXP(x) ¢ CYP(X) yKCRIK) o ICGEX) ¢ JCG(K) CHaL010S

ToEN(Y %) (RENT %) o XR]I(X)

ABE IR

CmAL0196

S50 FONMAT(([ ka(ol3el “CYB(ol3ei <CYB(oI80! KCxPa(e13,( CKCYPE (413, CraLQLe?
1 U XCRaly 130 T1COM(od30( JCGIE, I3, xENtalo13,( KEN2E (413 ChHnLQ198
20 "Hlar,1y) C=nL0199
800 CONTINGF C=nLQ2ne
PRINT 561, xgcup CmAL0201
SS1 FO=MET (( (o/7 100 (KCHOx(y 15,//) CHnL0202
mETURN CwnLo203
§10 PRINT S§ay CHaLO2046
$n3 FCOnaAY (1 $70° AECAUSE CaRCS w]lTw IDENT ® 8 EXPECTED(e//) C=ni Q208
PRINT S0us IDENT CHnLQ208
S0u FON“AT(yx, [I1DENTZ(s]4) CunL020?
§TOP CrnLo208
c
C ENTRY POINT 2 #NR LOY aND MEIGHT CALCULATIONS TN CHANNELS
c
2600 SOT 3 geneL Y CHNLO209
v0 2500 xspexCw CHNL0210
Is 1CG(x) CenLo211
Is lasstny CuaL0212
Jes JCG(¥) CwaL213
Ju 1APg())y CHnLe214
FUSHU & SPTe(x (1ed)eCFuUS(X2(1sd)exytTed))) CHaLQ21S
PUSHY & SNTa(v (led)eDFUs(yY2(I¢Jd)avi(l4d))) CrALD218
"8 m(1,]) CwaL0217
v s 120100 ChaLO21A
HCl & me(N) CmhL0219




SUBROUTINE Cwmani

129

12%

139

138

160

148

189

155

oOoNnn

110

121

125

CREST AV AILABLE COPY

VAR [oLAR T

2 KLy M 6 KxCY @
3 KCxP w 7 KCiP Q
U KCYP ™ 8 xgYP Q@

1800

00 200 KafyxCH

181CG(x)

JaJCG(x)

IF(XCx(x) nE,0) GO TU 110
IP(InCx(xy ,EG,0) GO TO 110

180% ][R0+

K8axCverae

KCX(n)ax§

1CG(K)mey

KENCLox)my

I7(J.%a.1) GO N 110

1312(1,Jet)
IP((rflelet)aZ) LELO0) XEN(1y%)aS

IF(CY(x),nE,n) GO TO 120
IF(InCy(x), EC.0) GO TO 120
180816041

KSaxC~e180

KCY(n)aK§

1FCICG ), LT,0) JCG(x)mey
ICG(R)me]

(%3}

1FLICG(H),LT,0) =2

KENCLoxYS?
IF(T1.50,1,480,0.LE4J%L) GO TU 120
KEN(Lox)mg

1P(1.%g,1) Go tn 120

I8[2(1e14))
IPCCm(Tetel)w2),6T,0) XEN(LIX)82

KXSKCXP(x)

KYSXCYP(«)

IF(IaCviny ,NEqp) GO TO 130
IF(xY,E2,n) GO T0 121
IF(ICy(xy) ,~E,0) 6O TO {30
1P (Xa,6n,0) GO T0C 125
IF(IaCutuy) ,nE ) GO TO 1Y)
1808234

RCXP(w)axC™ e [RD
IFCICG(),LT,N) JCG(K)mey
ICG(x)mey

Lel

1FCICH(N),LT,0) Le2
“ExlLon)a?

1P(J.6q,J%%) Go 7O 130
1312(14J01)
IFC(m(ToaJe1)eZ) 6T,7) KEv(Le*)un}

138

FTN Ue04420

08/22/77 16.51.%

CrnLe0ad
CHNLo0A2
C¥nL00gl
CHnLONBY

C=nLONSS
CHnL008s
CuaLone?
CHALONRA
CHALCNRI
CrHul0ng)
CHNLE09Y
CHnL0092
CHALCN93
(LALLM

CHNLO0SS
CHNLONGS
CHALUO9T?
CHNLONGA
CHNLO069
CPNL0100
C L0101
CHnL0192
CHnLoted
C¥aL0106
Cral010S
CeaLa1 08
CHaLcto?
CHALO108
CH~L01n9

CHaLol1L0
CenLo11t
Cwslo112
CHnLo11d
CeaLnt e
CHunLO11S
CHaLOtLe
CuaLo011?
CraLo118
CHnL0119
C=nLot20
CHALO12)
Cunlor22
LN R )
CHaLO124
CHALO12S
CHNLO128




SUBROUTINE Crman s oPTs2 FIN 4,040 .08/22/77 16451408
180 (4
130 IF(I=Cx(x),NE,0) GO TO 200 CHaLot127
1F (%X, ,EQ, M) GO TU 13} CuAL0128
1F(laCxtux) NE,0) GO TO 200 cHnLet29
131 1F(xY 66,n) GO TU 135 CHalc130
16% IF(IaCyruy) ,n®,0) GG TO 200 CHaLot 8t
1803 80s CHnLp132
KCYP(n)muCvelag CHAL013)
135 IFCICG (), LT,n) JCG(N)Bay CxnLO134d
1C6(x)ae] CnNL013S
170 \sl CHALO13S
IFCICGIY ) LT,0) LE2 CraL0137
MEA(Lox)azm CHaLp138
1P (1.GE,I¥v,A%D,JaGT,J%R) GO TO 200 CHnLo139
REN(Lox)mu CHNLO140
178 IP{1.GF,1»%) Gg TO 200 ChaLotay
1812(1e1,J) CHALOt1 W2
IFCERCletod)az)oLEL0) KEN(LAX)2A CrNLO14S
200 CONTINyE CHNLOT WU
4
180 c 180 18 twg TOTAL NUMBER OF CHANNEL END POIATS OF ANy XIND
180~ » 130 CHaLO14WS
i KCHOaUCMy TRONMS CxNLO14S
00 210 ®myexg™e CwALO14T
mC(X)amGl CHALD1GS
188 GCxP(x) » o, CHALO149
GCYP(¥) & 0o, CHALo1SO0
GCxv(v) & g, CHnL01SY
GCyNix) 3 0, CenLo1S2
A0Gu(v) g o, CHaL01S3
190 A0Gv(«) g 0, CHNLOISU
210 CONTINUE CHALO1SS
4
<
c APRAY k8] INENTIFIES ThE LOCATICNS OF RIVER INPUT FOR G TYPE END POIATS
19% LRMe0 CHALOISS
‘ LGue0 CHALO1STY
0O 340 wmyeng™ CeaLo158
Is 1CG(v) Cunlo1S9
1= 1485¢1) CHNLO180
200 Je JCG(X) CHALOLel
Js Jaage gy CHnLot62
110Psxcvp CHaLO13
1P(%Cx(x), 60,0y xCx(x)mTOP CHALO1 84
1F(%CY (), EN,A) KCY(=)aTTOP Cuvi0teS
208 15 (%Cuptx) EG,0) “CXPIn)nlToR CHALO1 60
IP(RCYP () ,BQ,0) XCYPLR)aITOF CHaLO01e?
c
RRI(u)a A CHALO 188
IP(1~R0,ER,N) G0 TO ueo CeNLO169
210 L9sy Cuniot70
1FLICGEN) 6T, ") GO TU oo CerLo171
410 KJBKES(LSN) CunLo1Y72

BEST AVAILABLE COPY
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QUARQUTINE Crany

220

228

240

250

Te/re pPTER FIN 00420 08/22/77 16451400

IF(NJ,LE,u) GO TC wov
LaNsLaMey
LR29
CO 480 Latelvan
TFCLROTEL) 50, 1.,4N0,LRCJI(L),t3,J) LosL
4S0 CONTINUE
SRI(«yeLR
IF(LR,GT A) LAva e
460 IF(JCG(x),GT,0) GO TU 300
IF(LS,EN,2) GO TC 31D
LSs2
GU TU 410
300 JONTINUE
IF(LRM EQ,I¥AN) GO TU w8y

PRINT 470+ LR, T™RQ
470 FORMAT( ro//(bescosssanabnt] Goavaasssss (WL Y(aT3,
1 0 CrANYEL END OoQ[NTS g/ ™ATC~ TRE

I3¢( RTVER IAPUT POSITIONS(

[LETN AR A}
CraLOL 74
Ce~L0179
CHuL017e
CHaLO1 7Y
CmuLo178
Coni0179
CHNLOLRO
(L LIS AT R
[T LINRY T
CHNLOLAS
CHnLO AL
CHANLOI RS
CrnLOLAS

CHnLOtBY
CmnLo1 88
CHALGHA9

A A Y Y T R Y P W A T TN R

W80 CONTIMyF
PRINT sue
Su9 FOwmaT(r )
D0 €00 wstoxC™
PRAINT §80s KoMCU(R) o KCY(K) 9XCXP () ¢k CYP () yKCBIK) ¢ JCGLX) ¢ JCGIK)
ToMEN(Y o) JMENEQX) 4 XRT(X)
S50 FORMATC( K3[of%0! “CXB(ol30( <CYR(oI30! KCxPa(el%s( «CYPS[sI3s
1 U XCAgt, T3¢ 1COM(ol30 JCGIL T30 XENta o3yl XENO= (1}
Qv XHlat,1y)
800 CONTINyE
PRINT §8;, xc“p
SS1 FORMET ([ (e// 1000 (%CO2(y 154/7)

mETURN

10 PRINT say

§n3 FCmMaT (4 §70° AECAUSE CARCS »]Tw JDOENT ® 8 EXPECTED(e//)
PRINT S04, IDENT

S04 FORMAT(Yx, [TOENTZ(e]4)
§T0P

4
€ ENTRY POINY 2 FNR BLOY AND WEIGHT CALCULATIONS TN CHANNELS
4

2600 SOT 3 gene T
v0 2500 ksjexC™
s 1CG(x)
Is lasgery
Js JCG(x)
Js lAPgt
PUSHU & SPTe(x (1eJ)e0PLO(X2(]10d)exy(T4J)))
PUSHY g SPATe(vy(leJ)eDFUS(Y2(Isd)avi(14d)))
"8 m(T,])
' & 1201.0)
HCl & mE(N)

h\l N\AB\.‘- (.“?\{ 140

CraLo191
CraL0192
CHnLO19d
CHNLO184G
C=nL010S
CmAL0198
chxi_Q[OY
CHnLo198
C=aL0189
CHALO200
CwAL0201
CHnLO0202

CHnL0203
CRaLD206
CRnLQ20S
CHNLO208
CmnL0207
CHnL0208

CHNLO209
CHAL0210
CHnL0211
CHaL0212
CHaLQ21)
CHNLO214
CwaLg215
CrALO218
CeaL0217
ChaLO21R
CHhL0219

¢i-_<——«1




SUBRCUTINE Cmani 26877 0PTm2 FTN GUen®u20 08722777 16.51,%¢
D1 & =jw21 Crng g2
CFs IFC(x) CxnL0221
CFs CFeDELT/10000 CHnL0222
Ke § MCA(N) CHNL0223
2715 aCS8laCx(w) CrNLC22u
~Codbs(-CS) C=NLo22S
1F(«C,ENn,A,) GO TO 2250 CenL022s
LS s CmnL227
c
275 22 ® [Z2flete) CrNLD228
"2 8 n(letel) CxnLD229
D2 ® =272 CHnvig2yn
G ® QCuntn) CerL0231
GP 8 NCyp(x) CHAL0232
28 Ol 8 iigT(Y) CHNL0233
GF ® UCF(x) CHNLD234
SuUT 8 PuswU C™NL023S
PUC 8 Plguvenl CHNLQ23s
IlllCI(I) ChkLoZ}"
8s 2CS8[2Cx(w) CrAL0232
iCaeianse2cs) CHNL0239
IF(ux ,EN,M) GO TO 210 CraL0240
29Cs I12x(xx) CHnLy24d
Z3Ls 28C/10, C=NLp242
9 COOTs pronxtxx) CrnLg2uld
COCls COQ1/1000. CHhLo244
COSIs [eDx(KxK) CHAL Q248
COSIs COST/10Mn, CHNLO24b
63 TU 2n2e CHNLO24Y
298 C
CO8OPe UTER LFBNTEY PUINT (X AND Y CHANNFLSY)
2010 ¢201 = eno CHNLO24%
cecst s cor CHALD249
4
L1 2020 =% ® mC(xaA) C=rL0280
maC & (HCTemN1 2,0 CrNLO2S1
DAC & waCe2C CHAL0252
JF(DAC,GT, 0,0) GO Tu 2020% CHALQ2S3
¢ )
308 PRINT 20208, DaCy % CHNLC2Se
20296 FORMAT( [ DACE(oFT,20( AT CHANNEL BLOCK (0 l4e//r/) CHNL029S
6N TQ yron CHNL Q2SS
4
20205 CEL & SnaT(GRayeCaC) CHNL02S7?
310 ALPa Cyscry CrNLO25R
CALP 8 1,0 o AP CHNLO259
wh 8 ALPeuN & CALPY (] CHNLO260
HE 8 CaLPemN & 4LPe~(] CHYL0201t
GA B A PEnN 4 (i veLP CHnL0202
318 GO 3 CarLpens o aLPeCP CHNLO263
LFfe | CHNLO204
LNey CHNLO20S
4

BESVA\IA\LABLE'C()PYT




QURRQUTINE CwasL

b T4

28

338

38

3%0

355

308

370

2022

2021

T4/% WLAL T FTIN 4ebeu20

el s 0

CIl s 9ag

L3 S T

nil = wag

¢l s Or

“1 ® DELX e

wI] 8 oC

1F (%" ,GT,n) GO TO 2022
1*aZ)

GO TO 2021

IRs2oC

IF(aC8,17,0.) 6N TO 2021
1F(2CS,6v,0,) 29321
Lasy

IP(21.67,29) 2431
IR1azR *

4
COsos8 [ANER RFefFNTRY POINT (SIDES | AND 2 OF CHANNEL)

2025
2030
2040
2060

c
2070

4
2075

(4

20A0
2041

2082
2083

2084
2085

4
2090

2100

4
21¢

1F(=11e28)2030,2030+2040

1¥F (~1e28) 20604206042070

IF(H1eZ®) 2075,2075:2080
CWT = &,
60 Tu 2100

OVER®L 0w FROM REGION I TO ReGION IT
OMe~]ezn
G0 TO 2990

GVERFLNa FROM PEGION II TO HEGION I
UnaZzenr]
GC 10 2n9n

SUEMERGED BARRTERS

GO TQ (20m142082) LF
GOUTE wtenlla(mle~ll)/((nlewll)opDELT)
Lfe 2

GO TG (211002127)0 LG

GO TC (2083¢20Ru)¢ LS

Q0UTE L(leted)

GO YU 20as
eOUTs Viledeoy)

08/22/77 16,51.08

CHNLO266
CHALO267
CHNLO208
CHANLO269
CHnLD270
CHNLO271
CHnLO272
CwnLQ27Y
CHNLO274
CHNLO27S
CHNLO270
CmnL0277
CrALO278
CHnLO279
CHAL 0280
CenLo28t

CrnLO282
CHhL0283
CHANLO284
CHNL02AS
CHALO286

CenLo28Y
CunLo288

CrnLo289
CHNLO290

CHALO291
CHNLD292
CHNLO293
CHNLO294d
CrnL029S
CHNLO296
CHNLO297
CHNLO298

WY 8 Q01T & (tmte2,0%aCom2)0aCalMiamAC)®(ACe02) /DELX)/(2,%0ELT) CHALD299

nOGE (QTenOUT) /2,
QTs uNyTemdn
QOUTs gNuTewQn

GO0 T0 2120

QOUT # CONISONaSURT(GRAVEANS(DN))
LosLG
GO TO (2110e2120) 007

Cl @ Oat
€Il = 02
=] & mat
Il 8 w2
Gl = 45

N ALABLE o

CunLO302

CHNLO303
CHNLOYNG
CHNLO30S

CrALO3DS
CxALo307
CxNLOYOA
CunL0309
CuNLOYLO

e ATl s e et

Shh




SUARCUTINE Cmant 6/% neTeg FTN G,00420

378

389

ALL]

198

@0

«0s

“jo

a1s

a2?

“l s ~C
~1l® 9ELx
¢ = OonY
1P (x,G7,n) GO TO 2112
%222
GO TJ 2119
2112 18s2AC
IF(=C8,LT,0,) GN TU 2111
1F(2CS,LT,0,.) 24822
2111 LQGs2
1P(22.67,258) 298 22
182928
GO YO 2n2s%
CosessEND OF IN“ER RpeENTRY

4
2120 GFsauouLT

08/22/77 18451,

CHNLO3T
CeNL0312
C L0313
CHNLO3L
CHNLO31S
CRALCYLe
CHNLO3LTY
CHNLO318
CHALO319
fHNLO320
CraLO321
CenLO322
cenL0323

CHNLOY24

c
(4 THE FOLLO®ING TESTS CONSTRATIN Twg CcwaNrEL OVERFLOW (QT AND/OR GF) SUCH
¢ THAT (GEaGT) CANNOT PRODUCE AN I=PCSSTELE CWANGE IN ~C TN ONE TIME STEF
c (Ike =g SwQULN NOT FALL BELCA SILL NEPT~ NUR RISE ABCVE THE ~IGWER
4 OF Trg 8DJOINIAG BLOCK W DUE TO OVERFLO~ ALOME),
4
IP(L0L,ER,n) GO YO 2190 CenLOY2S
1F(LF.En,2) GO 'O 210" CHNLO326
IF(CaFafT),LE,0.0) Gu TO 2140 CHAL032?
c NET UUTF One RAQIENS UVERTOZPING
InINazay CHnLO0328
[P (202,40 T, 2¥INy Lv1YB282 CmrL0Y29
GNET 8 (mMACeZM1")®aC/OELT CHALO33O
IF((UkanT),LEANET) 6O TO 2199 CHNLOS3L
IP(580T),67,0,0) Gu TO 213w C=Ni 0332
FLE T PLET P CHALO33Y
QTSsUTes CmnL033¢
BUMBINET/(0FSeGTS) CHALO33S
ufsi “enrs CeNLC33e
Gloen jvaT§ CeNLCYYY
60 70 219n CHALC33A
21%0 IF(AF, T,n,n) GN TC 2138 Crh 339
2136 WFEN Fregy (LTINS L
GO YU 2104 CmALnlet
2135 4l 8 «(NNETaGF) CranLO34ER
G0 Ty 2190 CHNLo3ud
NET [NFLOse RARALIENS CVvERTOPFING
FATTELALE OF T CH\L03ad
IF (m2,07 muax) HMAL 8 W2 CHNLOYGS
UNEY 8 (wMavawyf)®a(/0ELTY CenLO03us
I¥ ((Crenf) . F,2nET) G TO 219¢ C=ALOYuY
1F ((26egT) 6T ,ne0) G0 TQ 2150 CHaLOdun
AFS 8 Fes? CrALO3ue
GYS » GYes C=\L03S9
BUM 8 LAET/C0FSeLTS) CmALC3S)
UF ® esiventsg [LLINA LT
GY 8 94997y CHNLO3S3

143

BEST AVAILABLE COPY

PP — v




$uUseQU

u2s

“3n

43S

4en

480

“ss

“e0

oS

“r0

“rs

TINE Cmanl

21%0
2184

2195

2150
2170

4
217¢

2179
2180
¢

2185

2189
-
2190

4
22n¢

i/ LAE I FTN 460020

GO TU 2190

1%(3% ,6r, 0,0) GC TO 21%%

CT 3 ANFY o RF

GO TO 219n

GF = 31 & g\ET

GO YO 21an

G0 Tu (217n02188)0 LO

IF(QT,67,A,) Gp 10 2179

BARRIED | (VEQTNPPINL QUTWARLSe OTwER SIDE SUAMERGEN
GNET = (maCeZRy)®-C/0ELT

IF((uFanr),LE,ONET) GO TO 2190

GO & NFenvp?

1F(00,67,A,) A0 8 O,

GO TO 2179

BARRLIFR | QVEQTNPPING INAMRDS= OTwgq SINE SiBMERGED
GNET 8 fmtemaCyeaCyoELY

IF((GTenF) ,LE,ANET) GO TU 2190

wC 8 R FTeCF

1P(Q%,1.7,0,) B0 5 0,

GY 8 fn

GO YO 219n

IF(aF, 7,80 GO TO 2189

BARRIFw 2 [VEATNPPIYG Q1ITAASLSe OTWER SIDE SUAMERGED
GNET 3 (maCeZR2)*/C/UELT

1P((5Fent),LE,r ET) GO TO 2190

CO ® avprer?

IP(GC.L?.%,) 80 3 Go

6N 10 21me

BARRIER 5 CVEQYNFPING [NaARDSe OTWER SI0E SUBMERGED
CVET 8 (mdemaC)®~C/0ELT

1P ((ivenF) ,LELGNET) GO YO 2190

GO 8 QTerwsg?

1F(QU,67,2,) GO 8 0,

GF 2 70

END OF 49 u9TvENT CF GT AND/LR GF

C’.\YI\V’

CA"NEL COMPUTATIONS

AV 3 ugecE

GAYZL  2eCFaS PT((Gro32400%02) /2, )/(aCo0ACES))
A0G 8 auynar

BOO™ & CEio(CF To(oTelF) o uCogan)
BPEILAenanrael FeR{TY) /MY

Br3( L RatannFeP CeBO0%) /G~

Gt Tu (22Ane2%0R)0LS

VET(") & nY
WCPin) g nF
vilete)) & 7F
GCxP(w) o &P
GCaxN(un) g AN
ACGX(r) & a0G

144

08/23/77 16,51,%

CHNLO3SU
CHALO3SS
CHALO3SS
CHALOYS?
CHNLO3S8
CHNLOYSHO
CHNLOYnD
CHnLO3et

CHNLO3e2
CHNLO3e3
CHNLO3eu
CHALO3eS
CHALOY60

CHhLO3e7
CHALO3s8
CHNLOTe9
CxnLOY70
CHALO3T7Y
CenL0372
CHnL0373

CHALO374
CHNLO3T?S
CHALO376
CHNLO3??
CHALO3?8

CHALC 3?9
C=NLO3BY
CxnLO38Y
CeaLn382
C aLo3el

CHALOYBU

CenL038S
CHNLO3ae
CerLO3A?
CuaL03a8
C¥nL0339
CHiL0390
CHNLO3OL

CHnL0392
CHALOY93
CHNLO 39U
CHNLO 395
CHNLOI9S
CHNLOY9?




SURRQUTINE CmonL

UL

ugs

80

49s

$10

s20

.25

T4/%6 LLAE I

CSalafvrn)

cC2aaS(rCe)
IF(2C.EN,M,) GO TO 2500
LS = 2

22 8 120140410
"2 3 m(T,0e1)
02 ® =2e7>

G s aCvys(x)
P = ACvp(x)
CT 8 vCY(x)

GF 3 yCF(x)

PuT 8 Pigmy

PUC 3 PligmyuesC
“d 3 KCV(K)
ICS312Cv(w)
21Cx=aRS(7CS)
1F(x<,en0,0) GO TC 2010
2HC3 12v(xx)
T30 ZuC/10.
CCOI= 1Cnny(txx)
COUte cBnt/z10nn,
COSl® 1fney(ux)
COSI= crsT/1nny,
GO TO 2624

COSOBSE L UF NUTER RFwETAY

c
2300

2500
4

vCT(a) & AT
VCF (%) x AF
V(Isdey) & nF
WCYP(¥) gap
GCY'i(x) gar
AGGY(x) = a0
CONTINUS

DO 27rA «myexC™
1® 1CG(v)

I3 ladscny

Je JCG(x)

Jr 14Ag( )y
“X8 laCx(N)
“X3 ABSF(sx)
n¥3 LliCy(¥)
Y8 ABSF(.v)
KX B MCYPfy)
Y 8 «Cvpln)
Ed 3 ACxprx)
ER 8 nCve(x)
AGA = AnGY ()
AG= 8 angGY (%)
RCa2CY  fay)
AGCEAaTGu(wx)
s0BICYLtny])
AGIBLNGY (wy)

145

FTN dobeur C8/722/77 10.51.%

CHALoYgA
CRnL0339
Cralguon
CwrLduny
Caniguo?
Cwnicand
CxtLoune
CrnLgucS
CHALOWOS
CHLoue?
CHALough
CHAL0WI9
CHnLouyn
CHnLoatt
CraLoer?
CHaLoutl
CHNLOUL Y
CHaLGuLS
CHALOUL S
CuALaay?
CrR(9a18
CHnLeat9
CHNLDa2D
CunLou2l

CHALnaup?
Curiould
CHnLouge
CerLoues
CrmhLCuge
CHALQu27
CrALnu2d

CeALuR9
CuALgu3n 1
CrnLcudt
CmrLnulel
C=\Loe3d
CHrLgulu
CmrLQuds
CuNinuye
CraLOuld?
CHNL AUl
C=rpgule
CHALOQuu"
CHALQQu)
CHALouwau?
CmaLoueld
CHALOuue
CrALCULS
CrALfuus
CxniLouw?

e



SURRCUTINE Cmant VA rets FTN 4,04620 08/22/77 15.51408

C
mCH @ (RasRRefCenD)/(AGASAORTAGCAGN) CHaLcuuB
C-‘\LQU'AQ
R CHnLOUSN
LIt GCxN(xx) u BCeanComi™ CrAL0ust
GCYN(xY) w RpeaiOORCY C=ALNuS2
HC(X)m wgw CHnILGusy
IF(ICG(), LT,n) GO TO R2e00 [
GO0 TO 249% CHrLOUSS
S49 4
c BOUNDASY CONDITTIONS FOR Q END POINTS
2600 Le] CHALOWSA
2605 MEvARENT 1) C=nL0us?
GO TO(249042690¢26371204026504204042670420aC) ¢ KEvY CmALOuSA
5uS 2030 GAagCxp(x) C=ALGuSS
GO TV 249) - CmhLcusn
2640 GR3QCYP(x) CrALOUBL
GO TG 289~ CHNLOus2
c
%59 4 THE FOLLOPING ASSUMES G630 AT END IF NO DISCHARGE nNaTa EXISTS
2650 B480Cxr fu) ChNLOusd
AesKCx(x) CHALOUWRU
KTax=](u) CeALOUeS
GCxv(x)s o, CHNLCcuns
588 IF(T,GT,n) GPx*(R)8 WNO(XT) CHniBug?
nC(XS)=taCan(x)eb2)7A00X(X) CHNLO40A
GO TC 289n CHALOWSS
26Ky BASOCY (X CHNLQUTO
xSaxkCy(x) CHNLOUTYY
Sa0 ATa<n](x) CHNLOWT2
QCyw(w)m A, CHNLQuE?d
IF(KT,GT,0) GEYN(X)E WRO(KT) CHALOUT4
HC(XS)e(OCY~N!K)eD ) /ADGY(X) CHhL04?S
60 TU 240n C=rLouTe
%68 2670 BARACAP(x) (L LIR A
KTRRRT (%) CrnL0uT3
QA Q, CH™NLOuW?9
1F(KT,G7,0) QAs ==RO(XT) ConLOuBN
HC(XK)B(RAaDA) ZANGX(X) CraL0eBt
$73 GO TQO 269n CH “LOouWA2
2680 BaaGlvyprx) CmnLOuBd
KTaxat(x) CrALGuRY
G3s ¢, C™NLOuaS
1F(XT,G7,0) QRa =HRO(KT) CeNLOuBe
7S HC(X)B(RA«CR) 7ANGY(x) CHALQuUAY
4
2690 1F(JCG(®),6T,0) GO TC 2699 CHnLguas
IF(L,Eu,2) GO Y0 269S CHALOWAQ
Ls2 CHNLOUSN
$80 G TU a0k CHNLOuot
2699 uCxP(w)yzns CHNLOW92
LCYyP(u)gns CHnlousd

A

Sac———




SUBRCUTINE Crani

$90

398

805

618

s20

28

&30

838

2700
C

T4/74 DLAR I FTN Wo.beu?0 08/22/771 16.51,
CONTInuE CHALOU9Y
RET U C=N\LOUSS

(4
C EATRY POI*T 3 FCR WELIGWT CALCULATICAS O RLOCKS ~TTW CWaNNELS

(aRaRalalal

3000

30S¢

3100
3135

3110

3115

Ch 30897 wm)enl™

Is ICG(v) C=ALCu9?
1s 1a8srp, CHrLCu9a
Js JCh(xy C=ALNWa?
Ja Tangrgy C=%L0S09
IF(1,60,1%,08,J,£9,J%) GO TO 3¢S0 C™ALOSO 1
31201 C=nLOSO0R
=(led)angel) CAL0SO03
IF(J.E0,1) GO 9 3uSO CHALOSOU
UTBuUCT (¥ CoNL0SAS
vTaV(T () C=rL0S00
rES LeCX(W) CHALOSO?
“X8 ARSF(ax) C=rLCSO8
TR laCY(x) C=nL0%09
w¥3 ARSF(.Y) CHALOSIN
IF(ex,En,n,) tTaLlIeled) CHALOSTT
IF(aY, 0,0, vrsv(lede)) CHNLOST2
SETUPSDEL YO ((U(T1J)oUT)/(DELXeax)e(V(ToJ)@¥T)/(DELX=Y)) CHALO0S1S
HlleJ)amOrn)e8ETUPeIAIA CHALOS T W
IF(=(1eJ),LE,7) ~U1ed)22 C™ALOS1S
rP(K)s =(1,J) C=NLCS1 8
0O 3500 xaf.xCw

Is ICGex)

Is lasstDy

Ja JLG(*)

Js ladgey)

s 1201 0y

IPCIcG(™),LT,N) GO TU 3100 CHALCSYTY
GO TC 3%0n CHALOSLS

EQUNDAPY pONDTTTONS FOR ™ END POINTS

IN TRESE cALCULATIONS AC EQUALS TwE ® CF Tmg aDJOTSNING wATER RLOCK
=C AND 0 aRE SOLVED FHOM™ SIMULTANEQNS ESUATIONS wmlCw ALLOs FOR Twg
VOLU~E Tass8PNST TO OR FRO~ Twp aNJNLNING SLOCK VIA CHANNEL FLOW G

L) CHALOS19
1CFu2,sCu CwnLgS2n
MEYSUF NI ox) CHaL 2821
G2 TU (3190481203132, 5160,35004330043300038300)0 wEY CurLSe?
nSSKCx(n) CenLCSed
Ba s Cxri(n) CHALOS2e
1F(J.EQ41) GO 70 3115 (LATRL L
mhes (o Jal)edCAnN(nS)/7TCF CuAL0S28
DIVE| ,neanGY (%) /TCF (L LN L
GCXN(M)m(RAvednnk(X)oMAM) /OTY CxnL0S2A
MC(XS)mltmavepan/TCF) /Ny CraLiS29
GO TO 311s CHAaLCS3N
rC(X8)amGr]) CmNLOS3Y

«» BEST AVAILABLE C

06
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B




SUBAJLTT f Cmat

658

680

LLE]

s70

878

680

LLL]

Jite

3120

3128

313

3132

LR

3162

et

Ji4e

VAL nPTa2

GCl“(~JISA~-sa5v(‘)'"C(‘S)
60 ro 330
~f1-4-|v:~:'<%)
ACAN(<s)3ACH, r4)

G2 TU 3vpn

lszigv(i)

Bava fyy (u)

IF(1e6q,9y 6e g0 3125
PAES(fay, J1ane Y CKS) /TCE
31v11,3.AFGV(<,/rcs
GC'%(l)ufntvoAc&V(i)i-A";/:Zv
~C(¢5)-r-nu-ntvrvcf)/ilv
GO TG 3424

*C(nS)awgr )
GCv~tl)aa5-vo;v(()--C('s)
GO ¢ 33n0
"llelegrauctng)
QCVN('S7lﬁC'n(~)

GO Y0 334am

KSBKCYpfuy

El~l.Cx=(:)

ViRz) . 5/¢c4

IF(XS,67,wc ) gn T0 3132
“Cx fecvixs)

~C3 a8gr(.cy
vAi-c;.n.;,(ong--:)
~t~l~fx.J.l)o:c(#(4s)-vlz
D[lll,’oy;l'l‘:'(')
iCl°(-)-(=|~-~.»-IJ¢1(1))/gy-
ROl )z (Ravayaaama™) suty
'!I-J01\|~Ct‘)
NO(«8)3uCra)
QCxP(<§)zncua(a,

GO Y3 3394

qsx([va{(\

SAvmyitye(x)

I'(l.él.l““) G2 T2 3145
Varda ) s/cy

l'(‘S.G'.'E“) £N T3 3142
(8 Jacu(ny

“C3 angrr. )
VAS3C3en 8/ (NE yaal)
RAYER(lege))encvo (S )0 au
Clvll.w.yna-n"cv(l)
UC"(').(I\~.-.~CIZG'(-))/:Z'
"C(‘)l(ﬂAu-vA°¢-A')l$Zv

GO TU 3144

MBI zunpren
GCvD(-):AA--Aqsv(<)'-C(-J
6L g 3349

RlIsjegrancrqy
-l(ﬂs,.-EVq)
GC"('S’-‘CVB(AJ

BEST AVAILABLE COPY

FTN 400420 0R/722/71 15,51.00

CenLns3o
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APPENDIX B

DESCRIPTION OF THE SURGE II CODED PROGRAM

The general strategy of the program is discussed 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
detail in Appendix 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

PART 2

CHANL(1)

CHANL(2)

CHANL( 3)

CHANL(4)
LIST(1)

LIST(2)
LIST(3)

SAVE(1)

SAVE(2)

CONTIN(1)

CONTIN(2)

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

which controls the basic computational sequencing, initializa-
tion, and updating of storage, interpolation of coarse wind
fields for the actual grid, and routine computation of U, V,

and H for all blocks, considering barriers (basically, the
SURGE I program);

which is called only once to read channel data and to estab-
lish certain key arrays for routine calculation;

which is called routinely to compute flow and water levels in
channels and at channel end points;

whose task is the routine calculation of H on blocks con-
taining channels;

which is called for listing of channel computations;

which is called only once to read control data for block
listings and to list the topographic Z field;

which lists the H field for blocks if called;

which lists the U, V, and H fields for blocks if called in
place of LIST(2);

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

which is called routinely at preselected time intervals to

save water levels and flow for gage locations defined by
SAVE(1);

which is called only once to read basic storage in COMMON
BLOCKS 1 to 10 in the casv¢ of a continuation of a given
problem;

which is called at the termination of a run to output the
continuation data called for by CONTIN(1).
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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 plottinﬁ 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 be used for this pur-

ose. Subroutine LIST is not used in the version of the program in
ppendix A.

1. Flow Diagram.

A schematic flow diagram for the SURGE II program is given in Figure
B-1. If a new problem is being run then the first phase is reading in
the basic data and checking the data sequencing to make sure it is in
order and complete. This is carried out in MAIN and the beginning of
PART 2 which calls subroutines CHANL(1), SAVE(1), and LIST(1).

Initialization of block arrays is carried out in PART 2; initializa-
tion of channel arrays and establishing of key arrays are carried out by
CHANL(1). These key arrays are discussed in a subsequent subsection.

Step 4 of the flow diagram is the beginning (or reentry point) of the
routine computations for each time. After generating, the detailed inter-
polated fields of x and y components of wind stress for the blocks
(step 4) and all blocks (i.e., all I,J) are swept to compute the flow
components, U and V, ignoring at first the presence (if any) of sub-

grid scale channels, but considering barriers for any barrier blocks
(step 5).

In step 6 CHANL(2) is called to sweep through all channel blocks to
evaluate all channels Q and H 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 blocks, considering the presence of the channels.

Step 7, which is carried out in PART 2, sweeps all I,J to compute

water levels on blocks ignoring for the present, the presence of any
subgrid scale channels.

In step 8, CHANL(3) is called to correct the block H values on
those blocks containing channels and to compute the H and Q values
at H-end points of channels. This also provides corrected H values
for those blocks into which the channels discharge.

Steps 10 and 11 are output operations for block and channel computa-
tions carried out in PART 2 and CHANL(4). This is followed by a time
updating and test for end, dependent upon a prescribed maximum number of
time steps. Before termination of a run, the contents of all data in
COMMON are saved for possible continuation of the problem, if desired.

2, Identification of Adjacent Channel Blocks.

To provide rapid access to values of H and Q in channels adjoin-
ing a given channel reach, special arrays are generated in subroutine
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CHANL(1). There are four such arrays: KCX(K), KCY(K), KCXP(K), and
KCYP(K). These give the channel block identification index for those
channel blocks which are adjacent to the Kth channel block as indicated
in Figure B~2. Thus, KCX(K) is the identification of the channel block
which has an x-side channel adjoining channel block K on the negative
characteristic side (i.e., on a preceding row), while KCXP(K) 1is the
identification of the channel block which has an x-side channel adjoining
channel block K on the positive side (i.e., on a following row). KCY(K)
and KCYP(K) have analogous meanings for blocks with y-side channels
adjoining that of block K. These arrays are generated by 2n appropriate
series of tests in which the 1I,J values of blocks adjacent to that of
channel block K are compared with the ICG and JCG values of all
other channel blocks. This is carried out only once during any run, and
is not particularly time consuming; moreover, it avoids any human error
which may easily occur if such arrays were required as input.

CHANNEL
BLOCK
KCXPy

CHANNEL CHANNEL CHANNEL ‘
BLOCK BLOCK BLOCK
KCYx K KCYPy

CHANNEL
BLOCK

KCXy

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

The arrays KCX and KCXP have the properties KCXP(KCX(K)) = K and
KCX(KCXP(K)) = K with similar relations for KCY and KCYP. |

As an example of the use of such arrays, suppose the value of HC in g
an x channel adjoining that of channel block K is needed. This could
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be addressed as HC(KX) where KX = KXC(K). Using Figure 8 as an
example, the values of channel flow entering the junction from channels
1 and 2 would be addressed by QCXP(K1) and QCYP(K1), respectively,
where K1 designates the channel block containing channels 1 and 2.
However, the flow leaving the junction would be addressed by QCYN(K2)
where K2 = KCYP(K1) and QCXN(K3) where K3 = KCXP(K1). While redun-
dant storage of such H and Q values would also satisfy 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 examination of the listings of the values of the arrays KCX, KCY,
KCXP, and KCYP, as output by the program, indicates that the maximum
value of any of these can and usually does exceed the number of input
channel blocks (KCM). The reason for this is that 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 computation for channel end points.

3. Barrier Identification.

The position of the Kth barrier block is given by the array pair,
IB(K) and JB(K), which is input to the program. It is convenient to
have rapid access to barrier information for those barriers which happen
to fall on a given channel block. The array KCB(K) gives the identifi-
cation of the barrier block which coincides with channel block K. Thus,
ICG(K) = IB(KCB(K)) and JCG(K) = JB(KCB(K)). If no barriers exist in a
given channel block then the corresponding value of KCB is zero. Thus,
in the routine program, a test for zero value KCB 1is made; if nonzero,
then a call can be made for barrier data such as elevation and barrier
coefficients via the barrier index KB = KCB(KC) where KC 1is the
channel block concerned.

The array KCB(K) is generated in CHANL(1), via a scan of all 1IB
and JB values for given ICG and JCG for channel block K.

An array KLB(K) is also generated which identifies those barrier
blocks not common to channel blocks. This is used only in the IBM 360/65
assembler language plotting routine, not in routine calculations.

4., Channel End-Point Identification.

As a signal that at least one channel end point occurs in a channel
block K, the value of ICG(K) is negative. If two end points occur,
the value of JCG(K) is also negative; otherwise, it is positive, If
no channel end point occurs, then both ICG and JCG for the block are
positive. This positive-negative coding is generated automatically in
CHANL(1) by appropriate testing; namely, to check if a valid channel
connects at each end of a valid channel in the block concerned.

In addition, the arrays KEN(1,K) and KEN(2,K) are gencrated in
CHANL(1) to identify the type of end point for, at most, two potential
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channel terminations in given channel block K. If there is no channel
termination both KEN(1,K) and KEN(2,K) are zero; if one termination
occurs for block K, KEN(1,K) will have an integral value from 1 to 8
and KEN(2,K) will be zero; if two terminations occur, both KEN arrays
will have nonzero value. In use, KEN(2,K) is called only if JCG(K)

is negative.

The coding for the type of end point is indicated schematically in
Figure B-3. Values of KEN from 1 to 4 represent 'H-end" type termina-
tions where a ponding block immediately adjoins the channel end. Values
of KEN from 5 to 8 are those for which Q is specified; e.g., river
discharge. Values within either group indicate the relative orientation
of the channel end point in question to assure calling the correct data
and using the right signs in the routine calculations.

3.7
POSSIBLE
ORIENTATIONS
OF ENDS
2,6 4,8
1,5
TYPE OF END

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

Figure B-3. Identification of type and orientation of a
channel end point by the coded identifier KEN(K).
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APPENDIX C
USER'S GUIDE TO SURGE I1

The coded program SURGE Il is intended for use in the numerical simu-
lation of storm surges or astronomical tides in bays and estuaries for
specified time sequences of water level at the seaward boundary of the
bay or estuary and specified wind stress and other storm data over the
bay or estuary. The user may use one of two distinct modes of operation:
{a) the storm mode, in which all storm data are required as well as sea-
ward hydrograph data; or (b) the tide mode, in which no storm data are

required, the only forcing being the input water level variation at the
seaward boundary. Moreover, in both modes the user has the option of
initiating a new simulation or continuing a previous simulation, the
input requirements being different for each.

In general, the input consists of the following types of information:

(a) Control Data--For input-output operations, initializa-
tion, array size, time stepping, and run duration.

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

(c) Forcing Data--including sequences of water level at
seaward boundary, wind-stress components over bay, rainfall
data over bay, and river discharge data.

(d) Problem Specification Information.
Certain checks are made as the data are read in, with regard to proper
order of input, proper amount of sequential data, and proper size arrays.

All stops resulting from these editing checks of input are identified.

In the subsequent subsections, the individual input parameters are
identified (with appropriate units), the sequence of data input for the

different modes of operation is given in some detail, and special require-

ments concerning data input for barriers and channels are discussed,
followed by a summary of output information and cutput options.

1. Definition of Input Variables.

The following variables are listed in the order in which they are
input (asterisks separate data blocks):

ICARD Control index: O for starting, 1 for continuation.
i Block 0
IDENT Data block identification;
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IBL starting column (I value) for listing of block H output
(normally taken as 1);

KCM total number of blocks with channels (including null channels,
see subsec. 6 of this app.);

NOWIND control for storm data input: 0 for normal input operation for
wind stress, rainfall, and runoff; -1 for omitting such input
for tide computations;

INTER interval in SAVE operation (time interval is INTER*DELT);
NGAGE number of H gage location: saved;

NFLOW number of Q gage locations saved;

IMIN minimum expected H (feet);

IMAX maximum expected H (feet).

NOTE--~--IMIN and IMAX are used only in subroutine GRAF, applicable to
IBM 360 or 370.

ey Block 1

NTIME Initial time level (normally 0, unless a continuation run is
being carried out, in which case NTIME should equal the final
value of the previous run);

NM maximum number of time steps for the problem;

MMIN minimum "map time' for wind-stress input;

MMAX maximum map time for wind-stress input;

NFU number of iterations per map time interval;

our interval for routine output from blocks and channels equals
IOUT + 1;

INFLD special output flag: 0 for standard output, 1 for extra
listing of channel output for one iteration preceding normal
listing.

g Block 2

IM Total number of x-grid intervals;

JM total number of y-grid intervals;

KM total number of blocks having barriers;

163

oy P

vy,




KMAX total number of coarse x-grid points for wind-stress input;

LMAX total number of coarse y-grid points for wind-stress input.
ookt Block 3

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

DELT time interval betwecen block H and flow computations (seconds);
CDO overflow coefficient for natural low-lying ground such as

barrier islands;
FK bed-resistance coefficient for blocks;

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

HGI initial water level above MSL in the bay (feet).
R Block 4
KI Number of interpolation subdivisions of each coarse x-grid

interval KI*(KMAX-1) = IM;

LJ number of interpolation subdivisions of each coarse y-grid
interval LJ*(LMAX-1) = JM;

KII number of coarse x-grid intervals;

LJJ number of coarse y-grid intervals;

JBL, JBR number of "open boundary' J-intervals on left and right
of system (not used in version in App. A).

bl i Block &

IB(K) I location index for barrier block K;

JB(K) J location index for barrier block K;

1ZX(K) elevation of x-barrier (right side) on barrier block K (tenths
of feet);

IZY (K) elevation of y-barrier (upper side) on barrier block K (tenths

of feet);

ICDOX(K) overflow coefficient for x-barrier (value x 1,000) on Kth
barrier block;

164

,.u‘n:-uws...nvm —




1CDOY (K)
ICDSX (K)
ICDSY (K)

* ok ok ok k

* Kk % %k

IMRO
JMRO
KR

b ISTR
IND

NOW
KIM

NORT
hok ok ok ok
RF

CONST

ok k koK

LROT (K)

LROJ (K)

'

overflow coefficient for y-barrier (value x 1,000) on Kth
barrier block;

submerged wier coefficient for x-barrier (value x 1,000) on
Kth barrier block;

submerged wier coefficient for y-barrier (value x 1,000) on
Kth barrier block.

Block 6

Elevation of ground or seabed (feet) relative to MSL datum
for block location I,J.

Block 7

Number of river input (runoff) locations;

number of map times with runoff values;

number of channel-stress values (normally same as JMRO) ;
start of rain (map time);

end of rain (map time);

number of iterations between river input values (normally
same as NFU);

number of iterations between channel-stress values (normally
same as NFU);

number of iterations per hour for rain (normally same as INTER).
Block 8

Total rainfall (inches);

fraction of rainfall not absorbed by ground;

conversion factor for wind stress (5,280/3,600)2 x 1,1/10.
Block 9

[ location index for Kth river input block;

J location index for Kth river input block.
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P o o g e ok

DIST (M)

% % g ok ok

CHST (M)

o % %k ok ok

RO(K,M)

*kok kK

MTIME

ok ok ok Kk

HGR (K)

h % % ok ok ok

HBR(J)

* dk kK

XR(K,L)

RN
YR(K,L)
PPN
1CG(K)

JCG(K)

IWCX(K)

IZCX(K)

!
i

Block 10
Percent of total rainfall per hour for 24 hours.
Block 11

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

Block 12

Discharge (cubic feet per second) from Kth river input block
at map time M.

Block 13

Map time for given block of wind-stress input and seaward
water level.

Block 14

Seaward water level above MSL (feet) at MTIME for coarse
grid position K.

Block 15

Water level on right open boundary above MSL (feet) at
MI'IME for grid position J (not used in version in App. A).

Block 16

Wind-stress component in the x direction (units of (miles
per hour)2/10) for coarse grid position K,L at time MTIME.

Block 17

Wind-stress component in the y direction (units of (miles
per hour)?/10) for coarse grid position K,L at time MTIME.

Block 18
I location index for channel block K;
J location index for channel block K;

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

depth of x channel bed on channel block K (feet), with sign
(see subsec. 6 of this app.);
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IWCY (K) width of y channel (upper side) on channel block K (feet),
with sign (see subsec. 6 of this app.);

IZCY (K) depth of y channel bed on channel block K (feet), with sign
(see subsec. 6 of this app.);

IFC(K) bed-resistance coefficient for channels on block K (value x
10,000), if entry is zero (blank) then IFC is taken as FC
(entered in Block 3) x 10,000.

s Block 19
IGAGE(K) Location index for the Kth hydrograph, if JGAGE(K) # 0 then
IGAGE (K) is the I location of a block H; if JGAGE(K) = 0

then IGAGE(K) is the channel block index for a channel H;

JGAGE(K) if not zero, this is the J location of a block H
a channel H 1is indicated;

SISt Zepo,

KFLOW(K) channel block index for the Kth flow gage, the flow being
that of the lower end of the x channel, or the left end of a
y channel if an x channel does not exist, or a channel end
point if one exists in the identified channel block.,

ERE R Block 20
IEND Maximum I in listing of block arrays of H, U, and V;
NF number of iterations between listings;

IBEGIN first I 1in listing of block arrays;
NJ maximum J in listing of block arrays;
NCARD total number of alphanumeric problem identification cards;

ALPHA(J) alphanumeric character data which identify the problem and
gage locations by name.

2. Input for Initiating Storm Surge Simulation.

The sequence of input for starting a problem in the storm surge mode
is given below in the form of a summary of the READ statements active in
this mode, together with a summary of the appropriate FORMATS for data
input in different blocks. For all data blocks requiring an entry of

the identification integer IDENT, only the units digit of the data block
number is entered in column 1 of the data input card.
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N

Control Card

READ 1 , ICARD (0 for starting)

Block 0 (1 card)
READ 1 , IDENT, IBL, KCM, NOWIND, INTER, NGAGE, NFLOW, IMIN, IMAX

NOTE-------IMIN and IMAX are left blank unless subroutine GRAF is used.

Bloek 1 (1 card)

READ 100 , TIDENT, NTIME, NM, MMIN, MMAX, NFU, IOUT, INFLD

Block 2 (1 card)

READ 100 , IDENT, IM, JM, KM, KMAX, LMAX

: Block 3 (1 card)

READ 250 , IDENT, DELX, DELT, CDO, FK, FC, HGI

Block 4 (1 card)

READ 100 , IDENT, KI, LJ, KII, LJJ, JBL, JBR

Block 5 (total of KM cards of barrier data)
DO 500 K=1, KM

READ 100 , IDENT, IB(J), JB(K), IZX(K), IZY(K), ICDOX(K), ICDOY(K),
ICDSX(K), ICDSY(K)

500 CONTINUE

Bloeck 6 (total of 2*IM cards of block topography)
DO 550 I =1, IM

READ 100 , IDENT, (1Z(1,J), J = 1,10)

READ 100 , IDENT, (1Z(I,J), J = 11, JM)

550 CONTINUE

168

R
s et G S
S y e A )




Block ? (1 card)

READ 100 , IDENT, IMRO, JMRO, KR, ISTR, IND, NOW, KIM, NORT

Block 8 (1 card)

READ 250 , IDENT, RF, CONST, S

Block 8 (1 or 2 cards, dependent on IMRO)
READ 100 , IDENT, (LROI(K), LROJ(K), K = 1,5)

IF (IMRO.LT.6) GO TO 575

READ 100 , IDENT, (LROI(K), LROJ(K), K = 6, IMRO)

575 CONTINUE

Block 10 (3 cards)

READ 250 , IDENT, (DIST(M), M = 1,10)
READ 250 , IDENT, (DIST(M), M = 11,20)
READ 250 , IDENT, (DIST(M), M = 21,24)

Block 11 (L + 1 card where L = KR/10. If KR
omitted.)

READ 250 , IDENT, (CHST(K), K = 1,11)
READ 250 , IDENT, (CHST(K), K = 11,20)
READ 250 , IDENT, (CHST(K), K = KL, KR (KL =

Bloek 12 (JMRO cards of river discharge data)

DO 700 M= 1, JMRO

READ 250 , IDENT, (RO(K,M), K = 1, IMRO)
700 CONTINUE

Wind Strese and Water Level Forcing

0, block 11 input is

10 *L + 1)

(MTL sets of blocks 13 to 17 where MIL = MMAX - MMIN + 1)

710 CONTINUE
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Block 13 (1 card)

READ 100 , IDENT, MTIME

Block 14 (1 card)

READ 250 , IDENT, (HGR(K), K = 1, KMAX)
Bloeck 15 (1 card)
READ 250 , IDENT, (HBR(J), J = 2,8)

Block 16 (KMAX cards)
DO 790 K = 1, KMAX
READ 250 , IDENT, (XR(K,L), L = 1, LMAX)

790 CONTINUE

Block 17 (KMAX cards)

DO 800 K = 1, KMAX

READ 250 , IDENT, (YR(K,L), L = 1, LMAX)
800 CONTINUE

IF (MTIME - MMAX) 710, 1,015, 1,015 (710 returns to read block 13)
1,015 (CONTINUE)

Block 18 (KCM cards with channel data. If KCM = 0, the READ statement

is bypassed and block 18 should be omitted.)

IF (KCM.GT.0) CALL CHANL(1)

DO 50 K=1, KM
READ 100 , IDENT, ICG(K), JCG(K), INCX(K), IZCX(K), IWCY(K), 1ZCY(K),
IFC(K)
50 CONTINUE
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Block 19 (2 cards)
CALL SAVE(1)
READ 350 , (IGAGE(K), JGAGE(K), K = 1, NGAGE)

READ 350 , (KFLOW(K), K = 1, NFLOW)

Block 20 (NCARD + 1 card)
CALL LIST(1)
READ 1 ; IDENT, IEND, NF, IBEGIN, NJ, NCARD
DO 250 J = 1, NCARD
READ 450 , (ALPHA(J), J = 1,40)
250 CONTINUE
Format Statements for Input. The following 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 numerical input consistent in card column range.

1 FORMAT (I1, I3, 19, I4)

100 FORMAT (I1, 2X, IS5, 9(3X, I5)
250 FORMAT (I1, F7.0, 9F 8.0)

350 FORMAT (20 I 4)

450 FORMAT (15A2, 15A2, 10A2)

3. Input for Tide Mode.

For calibration of a given bay system, under virtually no wind con-
ditions, for its response to forcing by astronomical 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-stress data; moreover, since a steady river
discharge is assumed only a single 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 which tide data at the
seaward boundary are prescribed at hourly intervals as the map time inter-
vals. The input is summarized as follows:
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Controil Card: 0 in column 1
Bloeck 0: see Section IV,1, NOWIND = -1
Blocks 1 to 9 see Section IV,2
Block 12 (1 card for steady river discharges)
READ 250 , IDENT, (RO(K,M), K = 1, IMRO)
Astrotide Bloeck (1 card for each 12 hours)
905 READ 910, IGA, MTIME, (H(1,J), J = 1,12)
MU = MTIME + 12
IF (MU.LT.MMAX) GO TO 905
910 FORMAT (I2, I4, 12F 6.2)
(IGA = 1)
Blocks 18 to 20: see Section 1V,2
Comments on Tide Mode. The map time interval for the tide mode is
1 hour. The MTIME entry for the astrotide block is the time (hour) of
the first of 12-hourly values of HG (entered as H(1,J)). The tide is

assumed uniform along the seaward boundary of the bay system, hence one
HG value per hour is sufficient.

In starting the tide mode from rest state (U =V = 0 and H = HGIL = 0), ‘
usually one or two diurnal tide cycles are required for the numerical !
model to reach a nearly periodic response to an almost periodic input.
Thus, if the final diurnal cycle is to be free of initial transients, at
least 72 hours of HG data should be provided. This may require an
adjustment in the dimensions given in COMMON/BLK6/ which appears in sub-
programs MAIN, PART 2, and CONTIN, if the full data set is to be stored
for one run. An alternative is to make use of the continuation option,
using less data input per run (e.g., 24 hours).

4. Input for Continuation of a Run.

Since the main purpose of the tide mode is for calibration of the bed
friction coefficients for blocks and channels, it is expected that many
trial runs will be made for a given bay system. In order to keep the
machine time to a minimum for each successive run, it is desirable to
use an initial field of U, V, or H which is close to the true re-
sponse at the starting time. This can be accomplished by using the re-
sulting U, V, and H arrays from a previous 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 ICARD. 1In this mode, the contents of common from a previous
run are input along with any additional forcing function data.

To make the program as flexible as possible, the continuation option
can be used for either storm surge problems or astrotide problems, the
only difference in input being in the type of forcing function input.
Such forcing function data should be consistent with the continuation
time. Moreover, the valuve of NTIME input in data block 1 should be
equal to the final NTIME in the previous run which is continued.

The sequence of input for continuation of a problem is as follows:
Control Card: 1 in column 1
Contin Deck: Contents of COMMON output from a previous run

Blocks 0 to 3: see subsection 2 of this app. (4 cards)
P

Foreing Deck: For storm surge mode, blocks 13 to 17, inclusive.
For tide mode~astrotide deck.

A flow diagram summarizing the READ operations as controlled by ICARD
and NOWIND is given in Figure C-1.

5. Comments on Barrier Input.

a. Possible Barrier Locations. All barriers in the schematization
occur parallel to the sides of a given barrier block. Barrier data
qualified by an X in the coded name (e.g., IZX, ICDOX, ICDXS) refer
to barriers normal to the x-axis on the right side of the barrier block;
those qualified by a Y in the coded name (e.g., IXY, etc.) refer to
barriers normal to the y-axis on the upper side of the barrier block.

If a channel exists parallel to either barrier, then 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 subsection). Barriers which might exist along the left or lower
side of a given 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 right and upper sides of the barrier block even if a real
barrier occurs only on one side of the block. The important point to
observe is that the specified 2B wvalues should always equal or exceed
the larger of the block elevations at or adjacent to the side of the
barrier block in question. Otherwise, errors can occur in the computa-
tions.

¢. Array Size. The number of barrier blocks KM is normally
limited to less than 100.

173




Read Control

Card

Y7 ICARD

OI no

Read CONTIN

Read Blocks

0,1,2,3

Y [f ICARD

Read Blocks

Il

0] no

4,5,6,7,8,9

Deck

Y2 —{If NOWIND =

Read Blocks
10,11

e

VA

Read Block

12

Y[t NOWIND

IV

B RO

Read Blocks
13,14,15,16,17

Read Blocks

Read Astro-—Tide
Data

Y©—[Ir iICARD = 0} 1°

18,19,20

Figure C-1.

> Begin Calculations |

l

Flow diagram for read statements.

174




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 an X in the coded name (e.g., IWCX, IZCX,
refer to channels normal to the X-axis on the right side of the channel
block; those qualified by a Y in the coded name (e.g., IWCY, 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 both,

b. Channel Junctions. In the schematization of a channel system
junctions can occur with adjoining channel reaches parallel to each
other or perpendicular. Moreover, one-, two-, or three-way branches are
possible.

Four possible right-angle channel junctions are illustrated in Figure
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
K1. Right-angle junctions involving two adjacent channel blocks are
illustrated in the upper left and lower right panels of Figure C-2.

CHANNEL CHANNEL CHANNEL
BLOCK BLOCK BLOCK
K1 K2 K1
CHANNEL CHANNEL
BLOCK BLOCK
K3 K3
Era
|
K1 1] CHANNEL
| - BLOCK
NULL CHANNEL | K1
(IWCX=IWEY=0)!

Figure C-2. Four possible simple bends for a channel reach.
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The final possible right turn is illustrated in the lower left panel
of the figure. In this case, the program requires that a channel block
(K1) join the connecting channels of the nonadjoining channel blocks
(K2 and K3) even though no channels exist on the joining block K1. In
such circumstances, the required '"null" channel block would have zero
width for both the X and Y channels (IWCS = IWNCY = 0) as input. The
H wvalue at the junction of the connecting channel reaches for this case
is stored as HC(K1); i.e., in association with the null channel block.

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

¢. Channels with Levees. The program allows for the following possi-
ble situations with respect to barriers parallel to channels:

(a) Single barrier on the "inner' lateral boundary of a
channel;

(b) single barrier on the '"outer' lateral boundary of a
channel;

(¢) barriers of equal elevation on both sides of a channel.

NOTE.--The term inner or outer side of a channel refers respec-
tively to the side common to the channel block contain-
ing the channel or the side common to an adjacent block.

The barrier elevation information is input separately from the
channel block data and allows only one elevation for the right side and
one for the top side of a block (hence, the restriction of equal barrier
heights for the double levee situation c above). The specification for
situations a, b, or ¢ is accomplished by a sign coding in the channel
block data as follows:

(a) Channel width (ICW) positive, channel-bed elevation (I1ZC)
(b) channel width positive, channel-bed elevation positive;
(¢) channel width negative, channel-bed elevation negative.

It is understood that only the magnitude of IWC and 1ZC for a given
channel is used in calculations.

d. Channel Terminations. A channel system can terminate at (a) a
larger body of water representing a lake, bay, or sea; or (b) at a bound-
ary or in a landlocked block within the system. 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.
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e. Restriction. Oply channels with the channel bed below the mean
water level (MWL) reference are allowed. The actual elevation used in
calculations is - |IZC|, regardless of the sign on the input of IZC for
a given channel.

f. Array Size. The number of channel blocks (including null channel
blocks) is KCM. However, (CHANL(1)) creates arrays of length KCMP > KCM.
The value of KCMP exceeds KCM by one plus the number of channels which
terminate on the exterior boundary of the grid including the seaward bound-
ary. Since KCMP 1is limited to 130, KCM should be less by the amount
described above.

7. OQutput.

a. Listings of Input and Key Arrays. All input data are listed in
easily identifiable form in the order in which the data are entered
through block 18. Immediately following the basic channel input is a
listing of the key arrays for channels, as discussed in Appendix A,
including the assignment of sign coding for ICG and JCG.

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

b. Sequential Output. Normally, the routine output of computed values
includes block H arrays and listings of all channel variables at pre-
determined intervals ot time (as determined by IOUT). It is psssible to
list the U, V, and H arrays for blocks by changing the CALL LIST(2)
statement following statement 2,100 in PART 2 to CALL LIST(3).

For channel listings, refer to Figure 6 for notation; the listings
are ordered by channel block number K. The block location I,J is
repeated (negative signs indicating end points). This is followed by
HX, the water level (feet) and QXN, the volume transport (cubic feet
per second) at the lower end of the x channel, then QCP, the transport
at the upper end of the x channel. These are followed by HY, QYN, and
QYP representing, respectively, the water level and flow at the left end
and flow at the right end of the y channel. Next is HC, the water level
at the junction of the x and y channels. The last four entries in the
channel listings are the transports (in cubic feet per second) to the
channel from the channel block and from the channel to an adjacent block
fo: the x and y channels. The HC value is meaningful for null channels
only.

¢. Saved Time Sequences. Subroutine SAVE, if used, saves sequences
of water level and flow at preselected locations (as identified in block
19 of the input). In the original version of the subroutine used with an
IBM 360-65 computer the saved information was punched on cards to facili-
tate later graphing of the sequences.
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APPENDIX D

COMPLETE DATA LISTING OF INPUT FOR
SABINE-CALCASIEU REGION WITH
FORCING DATA FOR HURRICANE CARLA
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UeSOU U,5000 "4eS000 4aSO00 G, Sc0H WeS000 45000

W=

XR VALUES(INNTEmE) AND YR VALUES (INNTz?) AT “APTIwrESR 1
ee01) @, N112 a,NfiQ 4009 ,N07n =,0054
eeNY] =,N200 e,0102 ®@eN)O) @&,NA0T7y =,0054
eeN¥2 @, N1U] «4gN120 e40U9) e,007] =,0059
“e05%2 =,0172 e ,N{dg =,009p -, 0072 «,005%
@eN12 @, NJUd «,NI1T e,N02AF &4,NNTY =,0085
e 080 e, N2Ub 118 esNURY w,f07Y -, 0064
@e 00 @,N2UU  @«,0118 40088 @\ N7y =,0004
030 *®,NQ2Ud =, N118 «,N0AY e ,NNT7Y =,00b4
es018 ©,0043 @ NOUI @ 00Y§ &,A(27 =.0021
@e011 =,00859 @,0039 @,003] e,NN28 *,7019
o010 =,0043 «,0030 «,0030 @yN0n2y @=,0018
2,009 =,N0Ub e,004] =,0027 e,0022 =,0017
©e008 ©,0033 @,0029 «,N023 @, ,AN2n =,0015
e 0NG - ,NOUY «,002% e, 001R N017 0015
eyfND *,0048 «,0025 *,0u1n =,0017 =e0Ul5
es000 -, 0048 w0025 e,0018 -,N017 00158

NMNNMNNNNYNNGNvOCOCTOTTOTOI>O

« BEST AVAILABLE COPY
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”
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HGR FOLLOWED By HBR ANRAY (IN FEFTY AT MTIME= 2
64200 6,2000 6,2000 66,2009 AK,2000 6,2000 6,2000 6,2000
54200 95,2000 5,2000 542000 55,2000 562000 $42000

e

XR VALUES(IDNTs®) AND YR VALUES (IDNTz7) AT MAPTIMES 2
®, 037 «, 0136 =,0123 e,N11] o,00R3 =,0053
«s036  =,0216 e,0112 =.0101 «,00%0 =,0080
we036 =,0169 «,0130 ©.0102 ,009] =,0081
2e036 =,0187 =,0159 =40i03 ,N091 =.0081
-, 034 e, 0143 » ,N1U2 =40104 -,N092 =, 00R2
«e035 ©,0282 w,NjU4 =,0094 «,N0R3 *,0073
«s015 ®,0282 w,014U ®4009d «,N0AY =,0073
@038 ®,N0282 @,0146 =,0094 e,NQ0RY =,N07$
®, 015 *,0080 e,0052 *s00U7 e,NN3RA =,N02¢
-s013 «,0079 e, 0043 e,N01Q e,N0%§ «, 00314
©,012 *,0095 =,0045 =¢0035 o,00%) =,0028
es01] ®,N054 e,0048 ®,0032 a,n03n =,0020
«,009 «,0030 w,N0038 ®,007R &,0027 =.0024
@007 =,0060 =,0033 =e0022 w,N021 =.N018
©e007 ®,A080 ,0033 *,0022 =,0021 =,0018
=007 ©,0060 «,0033 =.0022 e,0021 =40018

N NN NNNNNTTOOCTOOCOO

HGR FOLLOWNED BY WRR aRRAY (It FEFT) AT MT[Mes= 3
6000 6,0000 65,0000 640000 K,00N0 640000 64,0000 6,0000
54200 5,2000 55,2000 Se2000 8§,2000 542000 Se2v00

W=

XR VALUES(IDMNTmg) ANC YR VALIER (INNTsY) AT MaPTIMEaR 3
«e0U0 =,0138 «,0125 ®e0112 a,Ninn =,0089
®«s038 ©,020] @,01206 *sN1N2 &,N091 =,008]
2039 @, ,N203 «,N130 =,0103 &,N092 e,00FR]
“=,0Y7 =,0205 e,Nju2 =.0104 =,0092 =.,008¢2
«e015 «,0174 ©,0158 =.s0105 e, ,f0RY =,0078
s033 -, 03808 e, 0145 «,NC%y wy,N0RY 0074
@033 ®,0805 @« 0145 =000, a,00Ry ®,0074
033 ® 0305 a,0 15 @,0094 «,N0Ry =,0074
«s015 ®,0053 «,0008 #0043 w0040 =40030
#e013 ®,N066 @,0044 *oN035 e,N0%y «,0028
e,011 «,0059 ,0062 <*.0032 w,n0P28 =,002%
« 009 =,005] @,0038 *.0U2R e,P0P7 =,0024
«e007 *,0037 «,0037 =eNu24 o,002} -, 0018
©:005 ®,0054 «,N0026 =e001R =,001A =,00106
«, 005 © 0054 @=,0026 =N01A e,0n'R =,0018
«,00S =,0054 @,0020 0018 «,N018 =,0010

MN NN NNYN NN O
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HGR FOLLOWED BY MBR ARRAY (N FEpT), AT hTI%es 4

U4 S.800 S,B000 S,8000 Se8000 &,Rn00 948000 S5,8000 5,8000
S 54200 5,2000 5.,2000 S.,200; &,2000 542000 %,2u00
XR VALUES(IDNT®e) AND YR VALUES (INNT27) AT MAPTIMES "
6 «.052 =,0205 «,0172 w,01Rs wgNjUp =,0128
6 «s0S3 ,02R82 @ 0173 «.015R e, 0130 =40117
6 «e0S0 2,0220 «,0175 @¢01U8 w,011y -,0115
6 ws(U8 «, 0247 «,0170 @ DlUp w,Ni1R =,00095
6 w,04H =,0229 e,0211 =,401%3 &,0119 =,N106
6 =043 =,03786 «,0194 ©,01%3 w,0107 =,N088
6 weNU3 =,0378 @,0194d @,01%) wW,N107 =,0085
6 @043 e,0378 @,N19% ©,0133 &,N107 =,0UB5
7 es012 =,0051 «,0046 =,0045 aw,0041 =,0039
T «e010 =,0060 =,0060 =,0037 w,00%2 =,0029
T «e008 «,0040 @e00UT w0028 w,N0PR =,0025
T =006 2,003 «aq002?5 ©:0023 @, 0021 =s0017
7T «ed03 «,0020 @002 40016 w0017 =40017
T =e002 =,0020 =,0014d 40012 w,0011 =40010
7 =002 =,0020 «, 0014 «,0012 w,N0i} *o0010
T 4002 ©,0020 @,0014 «o0012 @« 0011 =,0010
HGR FOLLOWFD BY MBR &RRAY (% FEFT) AT MTIMEe® 3
U4 64200 6,2000 AKe2000 642000 442000 842000 65,2000 6,200
§ 54500 55,5000 S.5000 Ss5000 &,8000 545000 S.5000
XR VALUES(IDNT=e) &ND YR VALIIES (INNTg?) AT MAPTIMES 1
6 2,065 =,0244 «,0225 ,N]RQ o,N173 =,N158
6 e,0482 =,0373 «,0208 =,0192 e,0{89 =,0131
6 «,0%9 «,0308 «,0210 =,017h e Nf1bn =,0145
6 @.057 =,0248 «,0279 «,0177 a,0161 =,0106
6 4057 «,02b8 w.N2UB eo0162 «,N1U7 =, 0133
6 ®,05] =,0454 w,0212 =.0162 w,Nju7 =~,0133
6 = 051 @,045d @,N212 «,0162 e,N147 =,0133
6 w4051 ©,0650 e, 12 @sN162 w,N1U7 =,0133
T o012 =,0048 @,N008 oe00UU o,N0UN weN039
7 -, 009 -, ,0060 -.0037 0034 -, N0YY w,0020
7T 4005 «,0033 «,0043 «,0028 «,NN26 =,00206
7 «¢003 «,0018 «,0020 «s0019 «,0020 =,0021
T «¢001 ©,0010 @ 0013 w0011 «,N013 =,0014
7 001 0,0000 =,0004 =,0006 e,N0NR *,0009
7 001 0,0000 «,N004 «,0008 e,NNNB =,0009
7 0001 0,0000 «,0004 «=,000s w,0008 =,0009
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HGR FOLLOWED BY ™SR AKRAY (IN FEFT) 4T HTIvES 6

4 6,500 6,000 £,5000 66,5000 ~,&n0n 6,5000 66,5000 66,5000

S S.600 S5,6000 ®,5000 %.6000 G§,6000 S.6000 5,6000
XR VALUES(IDONTme) AND YR VALUES (INnTz7?) 4T MaPTIMEm 6

6 w.0h9 ,N248 @,N21] =,0193 L,Nn161 e=,014b

6 w,0h3 «,0332 w,021] 0177 e,N162 =,01lUe

6 «4060 *,0258 «,0220 ®e0162 e,r147 =,0133

6 =,0%¢ *,N0230 e,0230 *,N162 e,n133 =,0iCe

6 «,051 *,0229 «,0229 e,0147 ,0120 =,0090

6 «.(45S «,0352 @,N10¢ @,0133 ,0120 «,0108

6 -e0US -,N352 N9 e, 0133y e, NY120 e, 0108

6 =,045 =,0352 ©,0194 =,0133 e,Ny12p =,0108

T @e0NS =,0022 @,N022 =sN02U e,NN2y =,0023

T eef0l =,0012 «,0011 ©4001p e M017 =,0U18

7 2002 0,0000 40006 ©,0008 «,0610 =,0012

7 004 0008 WN00G  0,0000 e,N005 =,00008

7 0005 0020 0012 00005 JP0N2 00,0000

7 000 0043 W N017 «0000 0006 0004

T 006 «N0UJ 0ONnt17 «N0NQ WN006 «0004

7 006 0043 0017 «0009 0008 0006
HGR FOLLOWED by WHR ARRAY (IN FEFT) AT MT]"tm 7

4 ©4200 06,2000 6,2000 A2000 4,2000 86,2000 6,2000 6,2000

S 54400 S,4000 S,4000 S.4000 S,4000 S.4000 S,4000
XR VALUES(IDONTme) AnD YR VALUES ¢INtTg?) AT “aPTImMEs 7

6 =,065 =,0247 e,121] =, 019 e,N{7R =,0162

6 «i0%9 @,N307 «,N211 =¢N]77 e,01h2 =,0147

6 ay0S6 =,02R6 &,0210 eeN162 e,NjU7 =,0133

6 «,0%0 *,0207 «,0209 e,01U0p e,N13> =,011Y

6 w04t @,N205 &,0207 eoNily L,r11Q0 e,01C7

6 «s039 «,N278 «,01R9 e, 0117 o,0iNp =.0095

] -, 039 -, n276 e, 01RY w=,0]1Y e ,N1Ng -, 095

6 =039 «,0276 =,0189 e,N]117 w,N1fpg =,0095

7 «0NB N0206 «NO01S 0010 LD 0003

4 «010 L0043 0022 0018 0011 L0008

T 010 0040 0030 0014 001N 20007

Y Y 0064 L0037 D023  LNOIA 20015

T a0i2 805t $0004 40025 L0019 4N01S

T s082 BT T 008Y TiNedy - Lo0d0 No0id

7 0012 0079 WNouT 0027 0020 «0017

7 012 «0079 0047 «0027 0020 « 0017
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HGR FOLLOWED BY WRR ARRAY (1IN FEfEY) 4T MTIves 2

G 6000 6,0000 6,0000 6s00An A,N0N0 40000 6,0V00 640000

S Se300 S.3000 S,3000 Se300n ®,3080 S.3000 S.3000
XR VALUES(IONTEO) AND YR VALUES (1DNT2Y) 4T “aPTIMES 8

6 @s0UB @, 01RS @ N1S6 eo01UY e N30 =,0118

8 e,0u2 *,0216 «,0155 e,012F e ,N{1la *=,0105

6 @039 &,0198 @,0150 e ,N114 e,N1Ny «,0092

6 @34 @, 0150 @eN13Id @ufllu e,NN91 =,N0T7¢

6 @030 *,A134 «,01%0 e,0089 e,N0Rp =,0072

6 @,026 *,017S @,0109 =,0078 e,N070 «,0080

6 @026 2,N17S @,0109 «,007R «,0079 @*,N0KD

6 4026 *,N0179 @,0109 e,0078 «,N070 =,0080

7 017 «0040 0PUS Outn W00%A «0025

? 0106 0078 MOS0 «0037 POV 0026

) o017 0070 MOLLTT 00VY «N0YY 0020

7 10 NLE NS 0002 0030 N02¢

7 019 L0082 0086 PTC 7S LAN20Q 0028

7 0146 NURS RULLY! $0UYS .N0%2 0029

7 014 .hcqs o0 1 «N038 Nnl2 eNu29

1 014 «008% e0ud «0018 0032 W 0029
HGR FULLOWFD HBY “HR aKRAY (1% FEST) AT MT]MEs 9

G 74200 T7,2000 7,26000 Te.2000 Y,2000 T.2000 77,2000 77,2000

S 64200 60,2000 85,2000 52000 K,20N0 602000 66,2000
XR VALUES(IUNT®®) 41D YW VALUES (INNTz7) AT “MAPTIME® 9

é =060 ., 0249 a,02t10 w, 020 w,N18p 017}

6 @057 ©,0303 «,0213 e,01A3 a,NiA8 =,0155

6 =,NS50 =,0296 e,N200 =,016% e,N1%p =,0139

8 @045 =,1222 @,0204 e,0148 e,n137 =,012¢

6 24037 «,0170. #,01P9 «,0133 a,N1?22 «,0110

6 w036 =, 02UB e,0142 e,0110 o,N10R =,0]8]

6 ®,0%6 *,N248 e,N{d2 *,0119 w,NiNR =,0161

6 es036 ®,N248 @,N1U2 e N]119 L, N)INA =,0]6]

7 027 «0100 «N078 « 0065 +N0SY « 0049

7 026 0135 «00Ro «0Ubo LNOSR DOS0

7 027 «N150 «0090 «00K7 LNOSA 20050

¢ 025 ,0113 0097 «0066 « 0SS 0008

1) 022 009 0096 0065 0054 00u9

7 023 ,N148 0079 L0086 LA083 L0075

7 023 0148 0079 00061 «N0S3 «0078

7 «023 0148 0079 0UsY 0053 0075

pEST AV AILABLE COPY
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HGR FOLLCwED BY WBR AWRAY (IM FErT) a7 MT[%es3 0

4 7000 77,0000 7,0000 Ta0000 T.0000 T4000C T,0000 T,0000
S 64000 6,0000 66,0000 60008 AGN0Np 640000 06,0000
XR VALUES(INNT®O) anf YN VALUES (INNTg7) AT MAPTIMES 10

O @04l @,019¢ @ N1T79 eilhp a,Niln =,0115

6 we0lU2 @,N20 @ N17H @uNIV7 a,N125 .01}

6 2,037 *,N1R7 @,0150 ®s0122 e,n11p =,0301

] «s032 ..0170 e,013¢2 e,01NQ e, NNCQ «,0099

6 24028 ®,014]1 e,0157 @s009% e N0RT w0078

6 4024 ©,0165 w,0104 @,00AS <, ,N(7h e,ulnd

6 w,N24 ®,0165 e,0104 @©,0)0R5 e,NN74 <*,0068

6 @,024 =,01065 @,710u @,008y @,"N7y e ,0UnH

7 02U JNORG 0070 N0bU eNOUR «N03S

? 023 0109 0079 0089 SANUR 006

7 021 20099 «00R0 «N0SY «NNUS 0U3T7

7 0020 L0009 00867 « 008 JNEUD o036

7 o718 20081 «NORS fOYL9 NRUY «NU3S

7 0106 0103 0060 $N0US .A0%3 «N033

7 010 WN108 «NO6G 0048 «N0%9 «0033

7 016 0108 .0060 «N04S 0030 0033

} HGR FOLLOWFL By MBR AKRAY (IM FErFTy a7 MTINER 1)
4 §4800 99,8000 £,A0N0 S§.8000 &,R0NA S.RUCC $,8000 ®,8000
S 54800 S,R000 S,8000 S.8000 <&,Ren0 S,R000 S5,A000
XR yvALUES(TUNTEG) AND YR VALUES (INHTg?) AT '2PTIMES 1)

6 084 o, 0213 «,010¢ =,01p0 e,NiSp =,0103

6 w.QUb -, N245 =-,N]{90 =, 0153 e.NlUnN w,N12¢

6 iUl «,0225 @,0180 @40}3R e ,N124 =014

6 o037 «,0189 a,0147 @023 e N112 =,0102

6 ®,033 =,0157 =,N175 e,f110 =,N0099 *=,00F9

-~ w028 -.6199 -.01]0 e, 000K ., "0R" ..0079

6 =028 @, 0199 e,0130 ®,0093 e,0088 =,0079

6 #,028 ®,0199 e,013%U ®sN(00R &,N0%8 =,007%

8 024 0086 . ,0072 0085 WAL RTS

7 n22 ,0109 «007Y «008S «N0US R R

7 021 «010% .0075 « 0053 OB TS «0U SS9

7 021 0096 0069 «0082 sNOUY #0039

7 «019 L0083 +00RS 0049 0042 02

7 018 0115 0069 00045 030 w0033

7 018 0§15 L0069 «00US «00%9 0033

? 018 oD11S 0069 0048 N30 0033

S
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HGR FOLLOWED BY HMBR ARRAY (IN FEFT) AT MTIMEE 12

U 6,200 6,2000 6,2000 042000 A,2000 6,2000 6,2000 6,2000
§ 5,300 S5,3000 543000 53000 S,3000 S¢3000 5.3000
XR VALUES(IDNTE®) AND YR VALUES (IDNT2?) 4T “aPTIMES {2

6 e, 0UN =,0186 w,N1U8 «,01%9 a,N{129 =,0119

6 «,035 ®,0169 e,010b6 @s0]24 w,Ny15 =,0105

6 =,029 =,0165 e,0130 =¢N1N0 ,N0% =,0083

6 @4025 =,0136 e,0110 @sN0RT a,00R] =,0074

6 4021 ®,010] @¢N11S @sNGTT &, 0070 <=e0063

6 -,018 -,0121 -,0092 =,0089 o ,N0AY *,005%

6 @,018 «,0121 e,0092 40089 @w,N061 =,0085%

6 w018 =,0121 @,0092 «,0059 a,0061 =40055

; 031 + 03 35 L0099 o NQRY WNOTY 0061

7 0029 0127 $0102 «00RQ 00hQ 20058

7 025 «N133 0095 0087 «N0S57 «0uds

7 022 JN114 «0091 0063 «N0S2 TR

7 « 020 «0088 20093 «NOKA sNOUW9 0041

7 0018 0109 N077 0046 sADUUY 037

7 018 <0109 .N077 TS JNouu 20037

T S0%8 S0109 o 0027 $ 0008 N0y 20037

; HGR FOLLOWFD BY WKR AKRAY (IN FErT) AT MTIMES 13
G pebN0 6,0000 6.80N00 BebIND  hebh00n 6.TUN0 06,7000 6,7000
§ §,800 S,R000 §,8000 S48000 &,%000 58000 S5.8000
XR VALUES(IDNT®E) 4NN YR VALUES (INNTs?) AT MAPTIMER 13

6 @e0U9 ©,N255 @, N218 @,0211 e,N20] =,0191

6 ©,0U2 =,0251 ®,0199 =,0179 e,r169 *,0159

6 24037 =,0247 @« 01R0 =,0]174 @,N1S3 =,0133

6 «e033 ©,0197 2,0179 @, 0145 e,N126 =¢0109

6 w028 ©,015¢ @,0150 @eN]FR a,n11] ®=,010¢

6 ®,02%4 *,0193 «;Nj15 ®,00% e,NNT7Q *,N0b0

6 e,02d4 = ,N193 @015 e,Ny% «,0N79 *,000606

6 4026 @,0193 @ o0135 @009 e,N)T7Q9 e,0Ub0

7 «0953 Neue W01R9 «016S «Nide «N126

7 047 0251 00179 0144 «N127 0111

? S ) «02SS 0170 0189 «N120 0093

7 $ 039 s021% 0173 «0130 0102 200786

7 «03%3 20474 «0150 NNy 0097 00806

7 029 0214 0140 0093 «N091 «008S

7 «029 L rAY 0140 0003y L0004 «0085

7 029 0214 0140 0093 <0091 2+ 0085
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HGR FOLLOWED BY MBR ANRAY (1M FEFT) AT MTiME= 14

4 s,800 5,8000 S,8000 S.%000 6,0000 6,1000 »,2000 6,2000

S 5,600 55,6000 546000 Se6000 85,6000 5.6000 546000
XR VALUES(IDNT®G) AND YR VALUES (INNT=2Y) AT MAPTIMES {g

6 «=,041 «, 0223 e, 0188 »eN179 =»,017) «,0163

6 we036 ®,0235 @,0157 =s0iS] a,N{€5 =,0]4b

6 @s032 =,0201 w,0150 we0162 w,0142 =40121

6 ®,029 *,0186 =,0155 ®,01%u e,N128 =,0121

6 w4025 ®,0147 @,0152 *e0110 @, 0115 . =,0097

6 @e022 ®,0183 e,0126 ©,0099 a,N102 =,0105

6 a4022 *,0183 @,0126 =,0099 a,N{02 =,0105

6 ~,022 *,0183 e,0126 =,0099 a,0102 =,0105

? DU 0215 01638 010y 012U 0106

7 040 L0234 L0108 0122 0117 002

? «030 0207 L0140 «013s 20107 0GRS

? 032 0193 «01ud 0117 0100 «N0AS

4 «029 0152 0187 «0099 JN093 007}

? « 025 0196 N1206 +00R9 J00Rs 0082

7 025 0190 0120 +00RQ .N0Re 082

7 025 «0190 0126 «N0RQ RLLLYS «0UBe

h MGR FOLLOWED BY WBR ARRAY (IN FEpT) AT MTI%es 15

4 Ge300 4.3000 W.3000 4e5000 4,7000 449000 S41000 S,1000

S §,200 5,2000 55,2000 5.2000 S§.,2000 S.2000 5.2000
XR VALUES(TONT=S) AND YR VALIES (IDNTz?) AT “APTIwES (5§

6 =,0u0 «,0222 «,01% =*,01R5 e, N3191 =,01A8]

6 «s036 @,026U @,0173 s0168 w 0176 <=,0169

6 e« 011 -,0233 w0170 s 0{R2 w0160 «,01358

6 w030 =,0203 @¢01T7. #:0152 w,N§87 =,0140

6 ®,029 =,0168 «,0170 *,012R ~,Nn132 =,0113

& «,025 =,0218 ,0145 «,0115 e,Ny1Q@ =,010¢2

6 ©o025 ©,0218 @,0145 0115 e,N319 =,01)¢

6 ©o025 ©,0218 @,N145 «.011§5 e, 7110 =,0102

7 049 0248 019v WO1AK D160 0141

7 044 0304 .0179 «0157 JN1UR 0te7

7 2040 .0N267 20180 oN169 NivQ 0112

7 «037 ray «0179 0107 127 «0110

14 « 035 0187 0182 0124 M110 0095

4 $032 .0250 0159 « 0118 311 00Re

7 032 0250 00155 $0115 W01t OURS

7 032 0250 «015% 0118 PLERE 0086
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MGR FOLLOWED BY HMBR ARRAY (IN FEFT) AT MTIMes 16
GebN0 4,6000 46000 Ga7000 0,%0p 50000 S.1000
5¢100 S,1000 S.,1000 Setlunp S,10n0 Se1000 S,1v00

XR VALUES(IDONTme) AND YN VALIES (1NVT=7) AT MAPTIMES
®we027 «,0150 @,0109 @o0162 a,N17¢6 =.01060
2e026 ©,0201 @,0138 «s01S50 e,N1S5p =e0160
025 =.0184 e,0100 =¢0150 e, ny3R =,0}25
@023 =,016]1 w,0153 ©s0139 o,N128 =,0115
2021 ®,N]150 w@,0142 @e0iNY o,N{17 =,0125
o019 «,0155 @,0132 00100 e N§10 =«0099
=019 ®,0155 @,013%2 ©,0)N0 e,N)1p =,0099
©e019 =,0155 @,0132 40100 o,0110 =40099

0087 0293 WN2u7 00239 «f2%0 20190
0054 0378 «0230 00222 «Nion 00190
« 051 «0331 00240 «0222 PLELS ] «0Ju9
045 «0290 o 0245 0208 T 0130
0040 02714 e0227 - 016y 0158 e 0149
0038 «0268 20211 o018 YT «N110
0038 0268 0211 e0108 «0140 «0110
«038 0208 o021l e0148 20140 «0110

HGR FOLLOWED BY WAR AKRAY (1IN FEFT) AT MTIMES 17
Sed00 S,U000 S,U000 Se6000 S,8000 68,0000 66,0000
5,300 S5,3000 S,%000 S.3000 S,%3000 S.3000 S.3000

XR VALUES(IDNT®b) AnD YR VALUES (INNTST) AT MAPTIMES
®e015 ©,0139 w,0149 eeN{38 o,N124 =,0114
®,015 ®,0125 e,00R9 e,0111 e,0121 =,013}

@013 ®,0118 «,0089 «,0111 a,Ny18 e,0122
=,014 =, ,ni1} e,N108 @,0104 e,0101 e,0098
«s015 ©,0097 «,017]} s D0RE @ P00 =.009%
®,013 =,0103 «,0092 =,008n e,00% =.0085
@013 ©,0103 w,0092 @,00Rs e,0086 =,008%
@013 ®,n103 «,0092 @,00A8p w,N0Ap =, 00A%
00714 0518 «0uAb 9374 oN3AA oNEW}
0064 NG64 oN2T4 o 0289 024§ 00281
«058 0011 «02A0 «0240 0264 0239
208S +0362 oN316 «0269 «N227 «0LA9
0049 0317 0293 0213 N0 w0190
LT «0310 0252 o0213 «019Yy 0178
LT 0316 0252 09213 N1y 0175
o044 0316 <0252 o0213 «0175

« 0193

BEST AVAILABLE COPY

fe

17

S,1000

60,0000




MGR FOLLOWED BY ™BR ARRAY (IN FEFTY AY MT]vEs 18

Q@ 4e700 4,7000 U,7000 We%NQ S,1000 Se3000 S.4000 S5,0000

S $.000 S5,0000 S,0000 S,00n0 §,0000 SeN000 S.0v00
XR VALUES(IONTmO) AnMD YR VALUES (INPNT3T7) AT MAPTIME®S 138

(] 0002 92,0000 ©,0007 *,0020 e,0028 =40040

6 e001 ©,0000 e,00'] @,0022 e,N030 =+0037

6 06000 @,001] @,N028 ®49026 o,003%1 =,003}

6 o001 @,001d @,0019 @o0024 e,N02R =,0(28

6 ©,001 *,0015 e,0022 *,0023 e,N02R <*,0020

6 @,002 ©,0010 o,0020 e,0021 e y,N026 ®,002%

6 2,002 ©,0010 @,0020 e,0M21 e,NN26 =,0025

6 @,002 *,00i6 @,002V @oN02} e,N026 =,0025

7 0Ud oN249 0212 eN229 0228 N226

7 0045 .0332 0211 N1y N210 00208

7 0l 0310 0210 00193 o192 0175

7 038 0268 .0211 «0193 oN1%s 0100

7 033 0211 0211 o0161 WoN160 «0131

7 203} 0229 20393 203 US .N1US 0110

7 AT W 0229 o0193 L0146 JNIUS  oN118

7 031 0229 0103 «01de s014S 0118
HMGR FOLLOWED 4y WBR ARRAY (IM FEFY) A7 MTIMEx {9

b 4 34200 3,7000 33,2000 35C00 I,8000 WeNVUOO0 4,1000 4,1000

§ Gel00 U, UQN0 4 4000 Uel000 w0000 U09000 WG,4000
XR VALUES(IONTme) AND YR VALUES ([DMTg?) AT MAPTIMES {9

6 016 0078 0050 00050 0018 « 0025

[ 014 0090 0040 20037 L002A 20019

(] 0012 0072 «0050 «00%0 0022 20013

6 011 M08} N4 0030 LR 4 0007

[ 009 J048 0015 00020 o001 «0V0G

[} s008 NOWS o0032 o 0018 POV Y «NOCT

& «008 | JN0UL '0(‘32 «0018 N0V 20007

[ 008 0040 0032 « 0018 ROGER| OuNY :

7 087 N304 PLP LT 028y N2Rg Ly

7 085 Nut7 0264 o02he N267 0208

7 0 0%2 0371 00280 0247 JN2UR oNeud

7 «0%0 0309 0307 LY LA2UR 0212

7 e 047 0306 0280 Lrrll N22%0 . L0230

7 $04S 0529 «0306 0211 0211 0212

7 2045 0329 0308 w0211 N2 212

7 o045 0329 «05308 021} N2y N212

192
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Pl

HGR FOLLOWED BY WgR ARRAY (IN FEET) AT MTIMES 20
26700 2,7000 2,7000 249000 33,2000 34000 3.,6000 3,6000
4e0N0 G,0000 W,N000 We0000 W,0000 @e0000 &o0000

XR VALUES(ICNTRG) AND YR VALUES (INNT=?7). AT MAPTIMES 20
0018 <0086 «0073 «00%e 0075 0073
«015 0413 0064 «0053 W DOR2 2« 0089
014 0082 00060 «00SS «N0SY «N0S1
012 20078 20065 « 008y RULY TS «0039
o011 « 0060 20087 W0LU2 LT TS 0U28
0009 00062 00049 00032 0033 w0030
«0N9 <0062 0049 00032 00y e 0030
« 009 .0°°¢ .00“9 tho;e NOVY 20036
0036 0193 «N180 . o01Q8 WN217 2 N30
e 035 Lrix 0160 018y N20% 0222
0033 NS «01AS «01860 «0187 0205
«031 0210 0201 «01AY N172 00158
2029 «03185 +03R0 20187 eNISA 003145
on27 N0 MUER A 00130 NiUu 00159
0027 L0203 L0171 0130  ,AQU0 40189
onq? 0208 L0117} 0130 o104 00189

~NMYMNMN~NNNwOoOCOCOTITOO

MGR FOLLOWED BY WBR AKRAY (N FEET) At MTIMES 2}
3700 3,7000 13,7000 3.R000 11,9000 U4.0000 U,1000 U,1000
Ge600 4,6000 4&.6000 4eb000 4,6000 4e0000 446000

XR VALUES(IDNTBO) AND YR VALUES (INNTSY) AT MAPTIMES 21
010 0074 0062 0078 «N0T0 - 00R3
o013 «N093 20062 00RY 20067 LERL
oN1e 0072 00060 o008} +NOSS 20058
o011 0070 0064 0vby «NOUA 0037
o010 «0053 «0053 « 0043 « 039 W0u3l
o008 20061 20043 NuV? NS «00%0
W0NB 0061 «00u3 0037 « 0038 00030
0008 0001 00003 o0037 ML 1 20030
029 0145 N3 «0)b} NIY Y 03195
026 0190 0134 «018n oNibE ofNlng
020 «03163 #0180 00338 00383 0168
0029 0164 0100 0107 eNydo «0114
023 0138 00138 N12s N1 28 0110
o022 00167 oNi26 «0114 PLERE | 00104
0022 00167 0126 «0110 NS 00104
022 0n167 001206 0114 oN11S 00106

NMNNNNwY~NvoOITOTOTOO




MGR FOLLOWED BY MBR ARRAY (IN FEFT) AT MTIMES 22

4 3500 33,5000 3.5000 367000 3,9000 Ye0N000 4e1000 44,9000
S Q.400 48,4000 4,400V UeHuNO W,U0NY WLU000 W,4000
XR VALUES(CIONT®mO) AND YR VALUES (INNTs?) AT MAPTIMES 22

6 013 L0000 + 0058 ofuey L0067 007}

6 i 00079 NOSO «N061 oNOSA 0062

6 4010 20067 00060 o NOKY o 00€y «NUSE

(] 2010 «N06S oNOBS «0060 NOUY? «0030

[ 0008 <0049 0049 0040 0039 0033
"6 007 L0058 L0040 00034 0037 00039

] 0N7 0058 «0040 «N03u 007 «0039

6 ,007 0058 L0040 +0034 (00137 0u39

7T 021 00104 L0105 0118 ,01%2 0146

7 020 0342 «0106 - oN119 0120 0134

T  L019 ,0132 ,0120 L0109  ,0122 L0130

T .019 0133  ,0147 «0135 LR K| 20089

T «018 L0110 L0110 20100 L0104 00090

7 016 L0130 L0100 0090 NNy 0114

7 010 0130 0100 0090 oN1Ng 0114

7T <016 L0130 L0100 «0090 N0} 0116

MGR FOLLOWED BY HBR ARRAY (1M FEFT) AT MTIMES 23

b 4 26200 2,2000 2.,2000 244000 2.6000 2.R000 249000 2,9000
S 3500 3,5000 3.,5000 3.,5000 3.5000 35000 3.5000
. XR VALUES(TONTEE) AND YR VALUES (INNT3Y) AT “APTIMESs 23
[ L oN0U} «00U0 oN0OSQ +NOSS o« 00SH
6 2008 0082 oNNUY eN0U9 .NOUA 0047
6 007 0049 «0N0%0Q 0043 0047 UL}
6 0007 0047 00058 e 00US oN0UY N033
(] 0006 0035 0039 « 0033 «003s 0039
6 000 <0004 00032 20032 «00%y 0029
(] 0006 «0044 0032 00032 o003y 00029
6 ' ,006 L0044 L0032 #0032  LA0%y 40029
7 0013 .N063 0072 009y .N002 40108
7 0012 00081 «0073 LY «NOARY 0084
7 o011 JNo82 «0090 20074 oNOAY 0098
7 0013 D084 20108 »00RS ' ,npRy 200068
7 0011 «00h0 0076 0068 0077 0088
T .01l 20086  ,0068 ,0068 00089 L0089
14 o011 <0086 0068 0068 0069 00069
7 Co'l .0000 .0055 'oo.. .0060 c9009

AP




nGP FOLLOWED BY AR ARRAY (,n FEFT) aT MTIME® 24

4 14300 1,3000 143000 150f0 3,%000 1.9000 2.,1000 2,1000
S 3,500 3,5000 3,5000 3eS0006 3,5000 3,5000 3,5000
XR VALUES(IONTEg) AND YR VALUES (IN~Tz7) AT MAPTIMES 24

[ 2000 .ﬂO‘O .00‘!5 00040 004y WW0u8

6 ,006 L0034 L0033 L0038 0042  .0UdS

é e 005 0037 0037 «D032 WNO%e «NOUY

L] «00S 00581 0045 «003n N34 «N038

L 2004 00206 « 0030 « 0029 «00133 «0030

[ L) 20033 00024 00024 00027 0u2?

L] 0004 «0053 00024 024 «N027 0027

[ 0004 0033 0024 0024 oN027 w0027

7 008 0040 0040 «0053 «N0BY «0070

4 0008 « 0040 D047 «00S4 «N0G2 20072

7 0007 «00SS «00SS s00UR +00SS D064

7 «007 0048 0672 0049 NOS6 . o0VES

7 0006 0042 o NOU9 e00SC - 4NOST? o NUES

7 0006 20057 ,0043 «0043 «00S1 «00S1

7 0006 0087 o063 e00063 M.LLE] 00051

7 s 0006 .0057 00458 «00U} oN0SY 0051

THE FOLLOWING ARF SURGRID CHANNEL NaTpe 2 VALUES IN FEET

Xg | 1CGs & JCGz 1 InCxze2330 12Cvs =20 IwCvs 0 IZCve 0 lFcs 15
Kg 2 ICGs 8 JCGs 2 TaCxme23%n I2Cys =20 IvwCvs n I2Cvs 0 1fes 1S
Xg 3 ICGs 2 JCGs 3 laCx® 2840 12Cxs =21 IwCys 28060 I2Cys =23 1frs 15
Kg 4 ICGs 7 JChs § lufxe 0 12Cxs 0 I«Cvys 0 I2Cvs n 1Fers 15
Kz & ICGs 7 JCGs & InaCxm 2840 12C¥s =21 I~Cvs 1000 I2Cvs 20 Ifcs 1S
Ksg 6 1CGs 6 JCGs 4 laCxa 0 l2Cxs 0 lwCys 0 I2Cvs 0 Ifes 1§
Kg 7 ICGx & JCGs S IaCxm f0A0 I2Cxs 20 [wCvs 0 12Cvs 0 Ires 1S
Ke & ICGa & JCGs & InCxa 9600 I2Cxs 26 IwCvs 300 I1ZCvs 12 lfcs 20
Ks 9 1CGs & JCG2 7 laCX3 eqpp 12Cxs =23 I»(Y® e3y0 12Cvs =S lfcs 29
Xs 10 ICGs 7 JChs 7 lafxs 0 J2rxs 0 JoCYs =900 712CYys =20 iFrs 20
Kz 11 ICGe A JCGz 7 IrCx= 0 12Cxs 0 [vwCys «9uh I2€Cys =26 1Frs 20
Ke {2 ICGs 8 JCGz A laCxe «9np 12Cxs =26 InwCvs 0 I2Cvs= o Ifcs 20
Kg 13 ICGe 9 JChz A l.Crz o 12Cxe 0 IwCYs 900 I2Cvys =2n Ifezs 20
Kz 18 1CGs 9 JCGe © I«Cam Q0 12Cts =20 lwCvys 0 J2Cvs= ¢ IfFes 20
Xs 18 ICGs 9 JCGs n InCxa @ap 12Cxs =20 IWCYs 0 12Cvas n Ifcs 2
Ks 16 ICGs 9 JCGs {1 IaCxma 40o I2Cxs =35 IwCYs 400 I2Cvys =35 IfFcs 25
Xs 17 1CGs 8 JCGs 11 IwCas o 12Cx= O I4Cvys  WwJ0 IZCve =35 IFes 2%
Ks 1A IcGz 7 JCGs 31 laCxsm 0 I2Cxs 0 IwCvs - 0 I2Cyx [ L 1
. Ke 19 ICGs 7 JCGs 12 l1wCx® wy0@ J2Cvs 35S IwCym «u00 IZCys =35 Ifes 25
H Ks 20 ICcGs & JCGm 12 IsCaw 0 12C¥s 0 l«Cys 350 12Cys «3 Ifcs 2%
: Ks 21 ICGs S JCGs 12 lwCawm 0 12Cvs= 0 lwCYs 0 I2Cvs 0 Ifecz 25
! Kz 22 1CGx S JCGs 13 1+Cxs  38p J2Cvs 43 leCysm 0 120ve 0 IFes 2§
g Ke 2% ICGs S JChsz 14 IwChrm 380 J7Cvz o438 InCYs 350 1ZCvs =u} (Fes 28
5 Ke 24 ICGs o JCLE 14 1<Cks 6 172Cxs 0 IwCvs 0 T2Cvs d Ires 2§
Kg 26 ICSs 4 JCGRs 15 laCxs 300 12C¥s =25 laCva 0 I2Cve 0 1fes  PS
e 26 ICGs S JCGs 1S laCaxs 0 l12Cxs 0 laCys 4u0 I12Cys =u0 IFcs 2%
Kg 27 ICGas S JCGm {8 l1aCX® @y [2CXs =40 lnlYa «v00 I2fve =30 JFrs 2%
g 2A ICGs 4 JCGs 1s laCam 6 12CXs 0 IwCvs 0 I2Cve 0 Ifes 25
Kz 29 ICGs & JCGs 17 1aCam 4hp J2Cvs 30 InCYs 150 12Cvs =20 Ifcs 2%
! Ks 30 1CGs S JCGRz {7 laCam 0 12Cxs 0 I«Cys 30N I2Cve 30 TFes 2§

A

BEST AVAILABLE COPY
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1CGs
ICGs
1CG=
1CGe
1CGs
1CGe
1CGs
1(Gs
1CGs
1CGs
ICGs
1CG=
I1CGs
1CGs
1C6s
ICGs
ICGs
1CGs
1CGs
1CGs
ICGs
I1CGs
1CGs
IChs
ICGs
I1CGs
1c6s
1CGs
1CGs
I1CGsa
ICus
1CGs
JdCGs
1CGs
1CGs
ICGs
I1CGs
1CGs
1CGs
1CGa
1¢Gs
1CGs
1CGs
1CGe
1CGs
1C6s

. 1CGs

I1CGe
I1CGs
1CGs
1CGs
1CGs
1CGs
I1CGs

—OoNWwWes=ctW

JCGs
JCGs
JCGs
JCGa
JCGs
JCGs
JCGs
JCG=
JCGa
JCG=
JCGs
JCGs
JCGs
JCG=
JCGs
JCG=
JCGs
JCGs
JCGs
JCGs
JCGs
JCGs
JCGs
JChs
JChGs
JCGs
JCGs
JCGs
JCGs
JCGs
JCGs
JCGs
JCGe
JCGs
JCGs
JCGs
JChs
JCGs
JCGs
JCGs
JCGs
JCGs
JCGe
JCGs
JChGs
JCGs
JCGs
JCGs
JCGs
JCGs
JCGs
JCGs
JCGs

18

18

19

L

18
14
10
10
10
19
1!
i
12
12

13

13
14
14
19
15
16
17
1A
19
1
12
12
13
13
14
11
1"
11
11
1"
10
10
10
10
{0
1
1
2
?
L}
4
g
S
6
4
8
L)
9

InCxs
InCxs
InCxs
TaCxs
1nCrs
InCirs
1~Cxs
InCas
InCxs
IaCxs
l1aCxe
InCis
IwCxs
1aCxs
IwCxrs
luCxs
laCxs
I»Cxs
I«Cxs
InCxs
I~Cxs
IwCxs
IsCxs
InCxs
InCxs
InCxs
l«CXs®
Talxs
JnCxs
InCxs
1aCxs
J«Cxs
IwCxs
InCxs
InCxm
InCas
IsCxs
InCxs
InCxse
I4Cxs
I1aCxs
JaCxe
IvCxs
InCxs
IuCxs
IsCxe
l1aCxs
InCxs
IeCxs
IuCas
IaCxs
JuCxs
InCxm

JCGs 10 InCxs

400
J00

400
ano

I2Cxs
I12Cx=
12Cxs
12Cxs
12Cxs
12Cxs
172CvYs
12Cxs
17Cxs
12Cxs
1ZCxs=
12Cxs
12Cxs
I72Cxs
J1Z2Cxs
17Cxs
i2Cxs
I7Cxs
I12Cys
17ZCxs
l12Cxs
liCxs
12Cxs
12cxs=
12Cxs
I12Cxs
12cys
12Cxs
JZCxs
12Cxs
J2Cxs
17Crts
172Cxs
1?2Cxs
12Cxs
17Cxs
12Cxs
17Cxs
12Cxs
IZ2Cxs
[2Cxs
12Cys
12Cxs
12Cxs
12Cxs
12Cve
12Cys
12Cxs
12Cxs
J12Cxs
12Cxs
12Cxs
12Cys
12Cvys

laCyYs
JwCYs
InCYs
IwCys
lwCys
InCYs
JuCvys
IvCys
InCvs
IwCys
InCYs
InCye
IwCys
InCys
lwCys
luCvs
lwCys

l4aCvys

IuCvs
IvCys
InCys
luCys
InCys
InCys
laCys
IwCys
IwCYs
laCys

0 IvCys

I«Cva
[«CYsa
InCys
InwCYs
InCys
laCys
lwCys
lwCys
laCvs
InCys
laCys
InCys
IwCys
InCys
JuCys
InwCvs
IwCys
laCvys
laCvs
InCyse
I«Cvys
InCys
l«Cvs
laCvs
luCys

300
0

100
100
200
200
200
2V0
200
200
«200

200

I2Cya
IZCvys
12Cva
I2Cys
IZCvs
12Cvs
I2Cvys
TZCvs
12Cvs
12Cvys
1ZCys
1ZCys
12Cys
12Cys
f2ZCvys
12Cys
12Cvs
IZCvys
12Cys
12Cvs
12Cys
1ZCvys
12Cvys
1Z2Cvs
I2Cys
12Cys
12Cys
12Cys
I2Cys
12Cys
I12Cva
12Cys
12Cvs
I2Cvs
I2Cvs
12Cve
1ZCvys
IZCve
1ZCvs
I2Cvs
12Cys
12Cvs
I12Cvs
I2Cvyse
I2Cvs
{2Cys
I2Cys
12Cys
1#447
I2Cys
I2Cye
[2Cys
I2Cve
12Cvys

=30

20
=20
-]l2
-y
-]2
w20
27
=27
=27

27

=20
«20

J J
N N
D O0O000D20000

L I |
-
L

IFcs
1fcs
1FCs
Ifcs
Ifcs
IfFes
IFcs
1fes
Ifcs
IFrs
1fcs
Ifcs
1fcs
1Fca
IFcs
1Fcs
1fcs
1fcs
1fcs
IFrs

JFfce

1fcs
1fcs
1Fcs
Ifcs
Ifcs
IFes
1fcs
IFcs
Ifce
1fcs
1fcs
1Fcs
IfFcs
1fcs
1fcs
1fcs
i1fecs
Ifcs
1fcs
IFecs
1fcs
Ifcs
IFes
Ifcs
1frs
1Fce
IFcs
Ifcs
1fcs
1fcs
Ifcs
Ifce
Ifcs

- G i - -
VIV VARV AVVIVIND 0000000000000 000




Ks 8% 1CGs. 20 JCGs 11 IwCx= 800 12Cxs =25 IwCYys

0 I2Cvys 0 IfFcs §
Ks 86 ICGs 24 JCGs 12 InCXs 900 12Cxs =20 laCys 0 I2€Cys 0 IFcs S
Ks 87 1CGs 24 JCGs 13 InwCXxs 1000 12Cx¥s =25 IwCvs 0 I2Cya 0 Ifes 5
Ks 88 ICGs 2% JCGs 13 InCxs 0 12Cxs 0 IwCys 1000 I2Cys «2S Ifcs 1]
Ks 89 ICGs 25 JCGm 4 IwCXs w00 12Cxs =40 IwCYe 0 l12Cys 0 IFcs s
Ks 90 ICGs 26 JCGs 14 IwCxs 0 12Cxs 0 IwCys 800 I2Cvys =20 IFfcs [
Ks 91 I1CGs 27 JCGm 14 InCxs 0 l2Cxu 0 InCYs 800 12Cys =20 Ifcs - S
Kas 92 ICGs 27 JCGs {S IwCxs 800 I2Cxs =20 IwWCys 0 Iz2Cys 0 JFcs ]
Ks 93 ICGs 20 JCGs 1S InCxs 0 12Cxs 0 IwWCys 800 I2Cys =20 IfFcs S
Ks 94 ICGs 2S5 JCGz 10 InCxs 0 12Cxs 0 IwCYs 300 I2Cys <32 1fcs 9
Ks 9§ ICGm 26 JCG® j0 IwCX®m 300 12Cxs =12 IwCY® 300 I2Cys =32 Ifcs 9§
Ks 96 ICGs 26 JCGm 9 JwCxs 0 1Zcxs 0 InCys 0 IZCvye 0 Ifcs 4
Ks 97 ICGs 27 JCGs 9 IwCxs 300 I2Cxs =12 IWCYs 300 l2Cys =32 Ifcs 9
Kz 98 ICGs 27 JCGx A IwCXs 0 12Cxs 0 IWCys 0 IZCys 0 Ifcs 9
Kz 99 ICGs 28 JCGs 8 InaCxs 0 12¢xs 0 IwCYs 300 I2Cys =12 IfFcs 9
X100 JC6s 1 JCRm 4 InCXe o 12cxs o IwCY®s 300 12Cys =12 Ifes o
K101 ICGs 2 JCGs & InCXs 0 17¢Cxs 0 INCYs 300 IZCve =12 IFcs 9
X102 1CGs 3 JCGs 4 IwCXe 0 1?2Cxs 0 InCYs 300 I2Cvys =12 IFce 9
Ks103 ICGs 3 JCGs S InCXs 1300 12Cxs 12 I+CYys 0 IZCys 0 1fcs 9
Ks104 ICGs 4 JCGs S IwCxs 0 I2cxs 0 InCYs 300 IZCys =32 1Ffcs 9
Ks10S ICGs S JCGs § IwCXs 0 12CXs 0 InCYs 300 l2Ccvs 12 IFfcs 9
Ks106 ICGa S JCGs 6 InCXs 300 12Cxs *12 IWCYs 0 I2Cvs 0 Ifcs 9
Ks107 I1CGs S JCGs 7 IwCxs 0 12CY¥s 0 InCYs 0 IzCvys 0 IfFcs 9
8100 ICGs S JCGs A IWCX®s 400 I2¢xs 15 IwCYs 400 IZCcys 15 Ifcs 9
K109 ICGs & JCGs A IwCxs 0 l2Cxs 0 IwCys 0 IZCvys 0 IFcs 9
Ks110 ICGs & JCGs 9 InCxm 200 I2Cxs =12 IwCYs 200 IZ2Cys’ «j0 IFfcs 9
Ks11) ICGs 3 JCGs 9 IwCXs 200 I2Cxs 10 IWCYs 0 I2Cys 0 Ifcs 9
Km1312 1CGs 3 JCGs & InwCxs 0 l2Cxs 0 IwCYys 200 I2Cym =30 Ifcs 9
Ks113 ICGs 2 JCGs 8 IwCxs 0 l2CY¥s 0 InCYs 200 I2Cys =30 IFcs 9
Ksjjds ICGs 1 JCGs 8 InCxs 0 l2Cxs 0 IwCys 200 I2Cys =30 IFcs 9
Xs13S ICGs 3 JCG= 30 IwCxs 200 l2Cxs =10 IwCva 200.12Cys «}0 IFfcs 9
Ksije I1CGs 2 JCGs {0 IwCxs 0 I2Cxs 0 InCvys 0 IzCys 0 Ifcs 9
Ks11? ICGs 2 JCGs §1 lwCxs 200 J2Cxs ©8 IwCys 0 I2Cys” 0 IFcs 9
KeiiA JCGa 2 JCGs 12 IaCxm 200 I2Cxs =08 IwCys 0 I12Cys 0 IfFcs 9
Xa119 1CGs & JCGs B IwCxs =4n0 12Cxs =20 InCys 0 I2Cys 0 Ifcs 9
Ks120 1CGs 7 JCGa 8 IwCxs 0 12¢xs O IwCys 200 IZCys =20 Ifes 9
Ke121 1CGs 7 JCGs S IwCXs 3000 J2cXs =12 INWCYs 0 IZcys O Ifes 9

MYDROGRAPH GAGE LOCATIONS

GAGE. 1 B3LOCK My I® @8 Js
GAGE 2 CHANNEL M, Ks 1}
GAGE 3 BLOCK Wy I3 11 Js 10

: GAGE 4 CHANNEL My s 2§

! GAGE S CHANNEL M, Ks ap

: GAGE 6 CHANNEL My X8 72

¢ GAGE 7 CHANNEL My Ks 100
GAGE 8 CHANNEL MWy ks 3
GAGE 9 CHANNEL My Ks 82

KEY FLOw LOCATIONS
CHANNEL BLOCKS 1 N

e e b S A AT S RTIN

| BEST AVAILABLE COPY
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APPENDIX E

LISTING OF KEY ARRAYS AND CHANNEL AND BARRIER PLOT
FOR SABINE-CALCASIEU REGION




{1 RCxe122 XCrai28 XCxPe 2 XCvpmi28 %CBs | 1CGa 8 JCGe | KENgm | XEN2® 0 %R]ls O

Ke 2 KCxe | KCYs12a KCXP® 3 KCyPuidg KCWs 17 I1CGe @ JCGs 2 KENis O KEN2s 0 KRIs O

ks 3 xCx= 2 xCyYs & xXCXPs128 xCvypai28 xCuw 24 1CGs 8 JCGe 3 xFNis A KEN2s 0 KRIs ¢

Ke 4 xCx®128 K{Yei2a KCXPs g kCcvPes § wCuw 27 ICGe y JCGs 3 KENy® 0 KEN2s (0 XAlms 0

ke 5 xCx® 4 xCYs o wCxP212) w«CvyPei2s nCBw 37 ICGs 7 JCGm 4 kENys 0 KEN2s 0 KRJs O

Ke ¢ KCx®12y KCYn124 KCXP® 7 NCyPe g XCBm 0 JCGs ¢ JCGm & KENgm 0 KEN2® 0 KRl O

ke 7 «Cx® o kCYs}0S KCxPas & «CvPm12y wCBe 43 1CGs o JCGe S kEnis 0 KEN2® 0 KRIs 0

K8 @ nCxs 7 KCYsiOa KCXPe® o xCyPmi2s ACW® 45 ICGm ¢ JCGe o RENgE® 0 KEN2® 0 XRJe O

K® 9 xCxs 8 xCyYmj0? KCxPo1]9 «CvPs 10 kCBuw 5§ ICGe o JCGs 7 kENgm 0 KEN2E ¢ KR[s O

Ko 10 KCx®128 XKCYm 9 KCXPsi@h xcvPe 1| KCBe S3 ICGe 7 JeGm 7 KENim 0 KEN2S O XRIs 0

X® 1) xCx»128 nCYs 10 XCXPe 32 xCypsy2s xCBe S4 ICGa A JCGe 7 kEngm 0 KEN2® 0 KRIs 0

Ks 12 KCxs® 1{ RCYs120 KCXPsi2A wCYPs 13 KCus o2 ICGe 8 JCGm 8 KEN|m 0 KEN2m 0 KRla O

Ke 13 xCx®128 xCys 12 KCXP® 14 xCvPe12A xCow 63 ICGe 9 JCGs B KEnym O KEN2S 0 KRIs 0

Ke 1y KCa® 13 KCYu(28 KCXPs (g wCcvPuidy KCB® 71 ICGe 9 JCGe 9 KEN{E® O KEN2m 0 XRle O

ks 15 xCxs 10 KCyui28 kCxPs 16 xCvPm 37 kCtw 73 ICGs 9 JCGs 10 xENym O KEN2® 0 KRIs 0

Ks Jp KCx® 1S KCYs 17y KCxPe12A KCyPeidpa KCH® 0 ICGe 9 JCGm 11 KENiS O KEN2s (O KPls 0O

ke 17 xCx3128 nCys 18 xCxP=128 xCvPw 1o xCe 0 ICGm 8 JCGm 1) KENYS 0 KEN2e 0 KRls 0

Ks 18 KCx8128 KCYs123 XCXPZ 1@ KCvPs 19 KC8s 0 ICGe 7 JCGe 1) KEny®s O KEN2m 0 KRis 0

K8 {9 xCxe {8 «CYes 20 KCXPE12A «Cypu128 xCBu 84 1CGe 7 JCGe 12 KENg® 0 KEN2® O XR]s 0

Ke 20 KCx®128 KCYs 21 KCXP=128 xCyPs 19 KCBm 83 [CGs 6 JCGm 12 KENYE 0 KEN2® 0 KRls O

ks 21 nCx3128 «CYn128 KCXPs 22 w«CvpPs 20 xCB8® 0 ICGm S JCGm 12 xENys 0 KEN2s 0 KRIs 0

Ke 22 KCx®s 2] KCYsj28 XCxPs 23 xcvPuidg KCas Ap ICGs s JCGw 13 RENY® 0 KEN2s 0O KRlms 0

e 23 xCxs 22 xCvys 24 kCxPs 24 xCvPmi128 wCBm 89 ICGs § JCGs 14 xENy® 0 KEN2E O KRIm 0

Ks 24 xCx®{28 KCYn|28 RCXPs 25 «CvPm 23 XCoa 0 JCG® ¢ JCGe 14 RENIS 0 KEN2® 0 KR]s O

«s 2% uCxs 24 xCys12¢ kCxPs 28 xCvPs 26 xCon 0 ICGm & JCCs 15 KENg® O0.KEN2s 0 KRIs 0

K3 2p KCxs 23 KCYs 25 KCXPs 2y xCyPmyi2g KCBe' 0 ICGs § JCGm 1§ KENgm 0 KEN2s 0 KRIs 0

K 27 xCam 26 xCys 28 kCxPs 30 xCvyPmi2a wCBs 90 ICGs & JCGm 16 KENym 0 KEN2® 0 KRIs 0

Ks 24 nCx® 25 KCYs128 KCXPs 20 XCvyPm 29 KCBs 0 1CGs 4 JCGm 1o RENYS 0 KEN2® 0 KRls O

K8 29 nCxs 28 xCys 3¢ xCxPs 32 «Cyps 30 KCA= 9} I1CG® 4 JCGw 17 KENf® O XKEN2® 0 XR]w 0

Ke 30 KCxs 27 KCYs 29 XCxPs 31 KCcvyPei2a KChm 0 ICGe § JCGe 17 RENYS 0 MEN2® 0 KRIm O

Ks 31 xCxs 30 xCys 32 «CxPsjdn xCvypu128 xCas 0 ICGs S JCGCa 18 nENy® 0 KEN2s 0 KRIs 0

Ks 32 XCx® 29 KCYe 35 KCXP= 33 xCcvPs 3y KCos 0 ICGs 4 JCGs 18 KENim 0 KEN2s 0 KR]s 0

Ks 33 xCxs 32 xCys128 KCxPu128 «CvPui?A KCB: 0 ICGe ey JCGw 19 KENgs 7 KEN2w 0 KRls 2

Ks 3 KCx8128 KCYu128 RCXP= 15 KCyPs 2q KLa® O [CGe 3 JCGe 17 KENtS O XEN2® § XRIs O

XKs 35 xCxs 34 nCys 36 KCXPs128 xCyps 32 KCBs 0 ICGe 3 JCGs 18 KENys 0 KBN2s 0 KRIs 0

Ke 3p KCxm§28 KCYsi2) KCxPs128 xcyps 3g KCBm 0 ICGe 2 JCGs 18 KENg® & KEN28 0 KRls 0

Ks 37 XCx®y128 KCys 15 KCxPs1d8 KCvPm 38 KCBm 0 ICGm 10 JCGm 10 KENf® O KEM2s 0 KR]s 0

Ks 38 %Cx®128 KCYs 37 KCXPs $% «CvPe 39 RCB® 0 ICG® i1 JCGe 10 KENY® 0 KEN2s 0 KRIs O

K8 39 xCxs®128 KCYw 38 xCkPe® 40 xCvPoi2a XCB2 0 ICGe 12 JCGm 10 xEnpm 0 KEN2® O KRIs O

K8 40 XCxs 19 KCYs S5 KCxPei2a xCcvPw uy XCBs 0 ICGe 12 JCem 11 KENY® O KEN2® O KRIs O

K8 4] kCx®128 KCys 40 KCXP® 44 «Cvps 42 wCos 0 ICGe 13 JCGm 11 KENga 0O XEN2Ss 0 XRIs O

KB 42 wCx®128 XCYs 4y %CxPs 43 xCyPs 4y KCB® 0 ICGs 14 JCGs 11 XENy® 0 KEN2® 0 KRIs 0

K® 43 kCxs 42 xCys 4y KCxPs 4o xCvype128 KCBm 85 ICGe 14 JCGs 12 KEnNys 0 XEN2w 0 KRls 0

K8 qa KCK® al KCYal2¢ XCxPm 4§ KCvPw 43 XCo® 0 JCGs 13 JCGe 12 XENY® -0 XEN2® 0 KAls O

Ke 4S5 xCx®m a6 kCys128 KCxPs1g8 uCvyPs Up KCHs 87 ICGm 13 JCGw 13 KENgms .0 KEN2s 0 %Rls O

XS 4p KCX® 43 KCYs 45 KCUPs 47 XCvPm12a KCue 88 ICG® 1y JCGw 13 KENim 0 KEN2e 0 KR]s 0

K8 47 wCxs 4o KCY®128 KCXPm $0 kCvyPs 08 xCBs 0 ICGw 14 JCGe 14 KENg® 0 XEN2s 0 XR]s O

K® 48 nCX®128 XCY® 47 XCXP® 49 kCvyPm)2g KCB® 0 ICGes 1§ JCGe 1u RENYm 0 XEN2e 0 XRls O

K8 49 xCxs® 48 xCys Sg xCxPm12da «CvPui28 «C8x (0 I1CG= 1S JCGe 15 xEng® O KEN2S O KR]s O

Ks S0 kgxs 47 XCvw)28 KCXPs S1 wevps 0q XCBes 0 ICGm 14 JCGe 15 KEN{Y 0 xEN2e O KR]s 0

ke S nCxs S0 xCve}28 xCxPx $2 xCyPu128 wCoe 0 ICGm 14 JCGm 1o KENts 0O KEN2S O XRIs 0

: Re §2 KCxs &) KCYe128 KCXPS 83 xCypPmi2p KCAs 0 ICGe 1a JCGm 17 KENY® O KEN2s O XRIs O

§ Ke S3 kCxs S2 KCys128 KCxPs S4 xCvyPs128 xCBs 0 ICGm 14 JCGm 18 REnNy® O KEN2® O KRls O

$ Ks Sy ACx® §3 ACva|28 KCXP2129 xCvPm12s KCB® 0 JCGoe=ly JCGs 10 KENy® 7 KEN2® 0 KR]m 3

¥ Ks S5 XCxs 38 KCYn]28 KCXxP= Se xCyps a9 XCos 0 ICGs 11 JCGm 1) KENgs 0 XEN2s 0 KRls 0O

1 K Sp KCx® §5 KCYm 57 KCxP812A wCvPwi2p KCB® 0 ICGe 1] JCGe 12 KENy® O KEN2 0 XKRIs ¢

: Ks S7 xCx®;28 xKCvn}28 KCxPm S8 «CvyPs Sp nCBe 0 ICGs 10 JCGw 12 kENy®m O WEN2w O KRIs 0

£ K8 §8 KCX® §7 KCYs SO KCxPa12A KCyPm)2g XCB® 0 ICGe 10 JCGm 13 KENy® 0 XKEN2® 0 KRIs O

P Ks SO «Cx®128 KCyal28 KCXP® 00 XCvPas SA nCBs 0 ICGs 9 JCGs 13 'KENgs 0 KEN2e 0 KRIs 0

N KB 60 KCx® SO KCYm128 KCXPu12A WCyPm128 wCh® 0 ICGm @ JCGe 14 KENy® 7 KEN2® 0 KRIls O

I Ke o1 %Cx®128 ACYs 42 ACXPS124 KCyPs 62 KCBs 78 1CGsw 1S JCGe 11 XEnym 0 KEN2s 0 %Rls 0

§ Ke o2 wCxm128 KCYs o1 KCxP8128 KCYPe 43 KCH® ‘79 ICGe 1p JCGe 11 wENfS O KEN2® O KXRle O

2 kS 83 KCx® (26 KCYm 62 <CxPS{28 XCvPs 64 ACus 80 1CGs 17 JCGe 11 KENy® 0 KEN2® 0 KRIe O
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APPENDIX F

IDENTIFICATION OF GAGES

FOR
SABINE-CALCASTEU ASTROTIDE CALIBRATION

Gages for Sabine-Calcasieu astrotide calibration and
time sequences of accepted astrotide simulation at those
gages for 72 hours are identified. Also included are
listings of the channel output at t = 30, 60, and 90

hours. For explanation of each column see Appendix
€2,
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ASTRQ 110k CALIBRATION FOR SaRINEeCALCASIEU AREA

SABINE PASS TIDES USED AS [nupuY

PERIOD OF RECORDe 0000 AUG,22 TN 2400 AUG,2641973

CALCULATIONS ALLOW FOR SUB-GRID SCALE CHANNELS AND BARRIERS

TIME
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE

FLOW
FLOw
FLOW
PLUW
FLOw

FLO~

SEQUENCLS OF wATER LEVEL aND FLON ARE SAVED FOR THE FOLLOWING PLACESe
1 SABINE PASSe SQUTHWEST JETTY

2 PORY ARTHURy CE AREA OFFICE

3 NORTH SARINE LAXE

¢ BEAUMONT, NECHES @IVER AND RRAXKES BayOy
S ORANGE NaAVAL SYATIOM, SABIMNE RIVER

6 CAMERON, CALCASIEU Pass

7 Ma xBERRYs CALCASIEU RIVER AND PASS

B I.w,r, AT CALCASIEU LNCK, wEST

9 LAKE CHARLESe CALCASIEU RIVER

! SABINE PaSS INFLOwW

2 CALCASIEU PASS INFLNa

3 FLOw 7O NECHES RIVER FROM SABINE LAKE AND INTRACOASTAL WATERudY
4 EASTAARD FLOA VIA INTRACOASTAL CANAL JUST EAST OF SABINE RIVEP
S FLOUW TO S4BINE PlVER FROM s.ex;f LAKE AND INTRACOASTAL WATERway

6 FLOw TC CALCASIEC LYVER FROM CALCASIEU (AKE AND INTRACO4STAL w,
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CHANNEL OQUTPUT PUR mQuAe 30 ags

SLL ™ VALURS TN FFET, ALL © VALUED IN (P

i ; i i o e il avy ave e oxr onr ovt ovs

CRANNEL REACH

1 o8 1 +890  9n71a, 90903, 0e 0, 0. 0. 0
2 [} ? «S18 9p9ns, 90852, . Oe 0. 0. 0. O
L\ L] b ] «uus  908S2, 909538, «87013. Y0538, 0. 0, 3108,
& b 3 0.000 O [ 0. 0 0.
[ 7 'l «37S 87013, 07181, 0. =809, 0
(] . ‘. 0 0. 0
’ . s 2172, 0. 0o
) . 3 0. 0, 0
L} . v C. 0. 0o
10 7 4 0o (8 O
1" 8 1 0. 0, 0.
12 . A Co 0. 0.
13 L L 0. 0. Oe
14 ° L] 0. 0 0
18 {0 10 0. Juve, 0
16 . 1" [ 0. 0o
17 8 1" 0. 0. 0
18 ) 1 0. 0. [
19 ’ 12 0, 0. Qe
20 . 12 0. 0. 0
21 s 12 0. 0. 0.
22 s 13 0. 0. Co
2 4 16 0. 0. 0
20 ‘. 14 0. 0. 0
E4) . 18 0. 0. O
20 S 19 0. 0. 0
27 S 16 O, 0. 0.
n . 16 0. 0. 0e
¢ . 17 e, 0. LD
30 S 17 0. 0, LD
" s 18 0. 0. 0
32 . 18 0. 0, 0.
33 -4 19 Oe 0. L 0
CHANNEL RRACH 2
3o 3 17 0,000 0, 0, 0,000 0. « 081 0. 0, 0.
38 3 18 Lid 32, .19, o453 10 492 0. 0. 0
3 -2 18 0,000 0. 0. a5 0o «453 0. 0. 0.
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e e o7y 78 .00
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CHannEL REAC~ )

” 10 «3% 2108, 120, 0.
3" 1" 3% 1266, 3ab, Oe
3 12 ale 340, 934, Oe
a0 12 «30% =385,  edq), 0
ot 13 #0896 e1u8e, 1502, 0
« 1e «$11 e1%62s 1027, 0
ey 14 43 S38, 0
e 13 0,000 0. 0
e 13 0,000 [ 0
1 1 S0 772, 0
L34 16 0.000 0. 0.
(1} 19 «397 «1004, 0.
" 19 «%08 1824, 0.
Se 16 0,000 0, 0
L1l 18 0,000 0. 0
2 18 0,000 0, 0e
L1 1e 0.000 [ 0o
L] oo 0,000 [ 0.

CHANNEL WEACH o
s 11 11 olle 0. 0 0,000 O 0. 508 0. 0. Oe 0.
e 11 12 «908 398, 206, 522 o170, edpe, 519 0, O 0. 0.
(1] 10 12 0,000 . 04 0,000 0 0. S22 0, 0. 0. 0.
s 10 19 «%22 178, ., «334 cau, “»9, 326 [ . 0. 0.
L1 . 13 0.000 0 0, 0,000 0. 0, «331 0, 0. 0. 0.
[ 1] -9 1¢ 33 as, 0, 0,000 0o 0. 332 Q. e, 0 L
CranNEL REACH 8

18 11 0,000 0. 0, <930 0. 0.

16 11 04000 0. Q. .938 [N 0.

17 11 04000 0. 0, +9340 0, 0.

10 11 0.000 Oe () <560 0, 0.

1e 1" «S32 o7, 1021, 337 [ 0.

1* 10 0.000 0. 0. 932 0. 0

20 10 0,000 0o 0. 29520 0. 0

1 10 04000 0 0, 518 0, 0.

a2 10 0,000 0e 0. +30¢ Se 0.

3 10 484 grAe, Se77, +900 0. O

CHANNEL REACH o

0.
2 23 0
7 23 0
Ts a2 0
7 a2 0.
e t 1] Ce
7" an 0
7 Fi) 0
’ 23 0.
(1] 3 0
L1} ) Oe
(1] 23 ‘0.
L1 t L4 0
au 20 O
(1] t 1] '
bo e [N
't 28 0
e 3 'Y
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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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