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effect of rainfall is examined by running the latter storm with and without
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CONVERSION FACTORS, U.S.
UNITS OF MEASUREMENT

U.S. customary units of measurement used in this

to metric (SI) units as follows:

CUSTOMARY TO METRIC (SI)

report can be converted

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
squarec 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!

1To obtain Celsius (C) temperature readings from Fahrenl
C= (5/9) (F -32),
To obtain Kelvin (K) recadings, usc formula:

use formula:

1eit (F) readings

3

K = (5/9) (F -32) + 273.15,



BN

BP

Cq

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/9s)y const., & 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 v2 )

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 (DN + Dp)/2

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

maximum 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



SYMBOLS AND DEFINITIONS--Continued

G damping factor for channels, see equation (44)

G1 damping factor for X-transport on blocks, see equation (35)
G, damping factor for y-transport on blocks, see equation (36)
g acceleration due to gravity

H water level elevation relative to local MSL datum

HB water elevation on the water-connected block of a channel
HC common water elevation for a channel junction

HM mean water level anomaly of connected channel and blocks
HX water level at the lower end of an x-channel

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

Hp H at point B in a channel

Hy, water level on the high side of a barrier

Hg input tide level at time t outside a bay entrance

B(i,j) water level anomaly H for block identified by x and vy

indexes 1i,j

H* 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

H' value of H at new time level

Hﬁ new H value at point P in channel

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

i x-index for grid blocks

j y-index for grid blocks

K dimensionless wind-stress coefficient, equation (6)
L effective fetch length



SYMBOLS AND DEFINITIONS--Continued

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

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

fL/gDcAZ or 1/g(CdAd)?
denotes negative characteristic
time index

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

volume transport through cross-sectional area of a channel
mean Q value for channel, equation (45)

flow at the upper end of an x-channel for channel block K
flow at the left end of a y-channel for channel block K
flow at the right end of a y-channel for channel block K
flow at the lower end of an x-channel for channel block K
Q at point A of positive characteristic

Q at point B of negative characteristic

discharge from channel to ponding block

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

lateral volume flux per unit length into the channel
outward component of volume flux at a boundary

lateral volume flux per unit length out of the channel

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

new Q value

new Q at point N



SYMBOLS AND DEFINITIONS--Continued

Qp new Q at point P

Qp specified river discharge

R rainfall rate

R(i,j) rainfall rate for block 1i,j

T relative amplitude response

S distance along the axis of a channel

T tidal period

Tg longitudinal component of wind stress (divided by water density)

or

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

t time

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

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

UCT (K) lateral transport, per unit width per unit time, nominally to

an x-channel from the interior of block I; also denoted UCTyk
UN U value on left side of block

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

U(i+l,j) value of U at the right side of block 1i,j

u typical fluid speed in the bay

Ut value of U at new time level

\Y vertically integrated y component of volume transport per
unit width

VCF (X) lateral transport per unit width per unit time, nominally from
an y-channel of block K to an adjacent block; also denoted
VCF ‘

K



VCT (K)

VN;
V(i,3)
V(i,j+1)
V|

W

W

Y(i,j+1)

Z(1,3)
Zb

Zc

AH

Aq

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 1,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 1,j

horizontal Cartesian coordinate nominally normal to shore,
positive landward

elevation of the seqbed relative to MSL datum

value of Z for block 1,j

barrier crest elevation

channel bed elevation

(gD)12 At/As (Courant number); also Lc/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



As

At

SYMBOLS AND DEFINITIONS--Continued

grid size for blocks (distance between successive H values
in both the x and vy 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[/A2

latitude

absolute ‘angular speed of the earth

radian frequency 27/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.
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SURGE I has been applied to the study of Texas coastline surge sus-
ceptibility. The topographic features of this region are characterized
by barrier islands and shallow, river-fed bay systems surrounded by near
sea level land and marshes, The specific applications of the program
have therefore centered interest on the immediate environs of a bay. The
requirement for surge studies of appreciable distances inland from the bay
system has only recently been placed on the numerical model. The propa-
gation of the surge to higher ground through necessary subgrid scale topo-
graphic features has required an extension of the basic algorithm.

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

IT. 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:

3U oH -2

— _—= - fqUD

ap T 8D 5 = X q (1)
av oH -2

_— — =Y —- £qVD 2
v + gh 3y q (2)
9H U Vv

ot 3x - By ? ()



where

n

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;
g = magnitude of the transport per unit width;
f = dimensionless bed-resistance coefficient;
R = rainfall rate;

Xand 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 1073 to 1072 for typical seabed
conditions.

The value of q 1is obtained from U and V by
1
q = (V> +Vv3)*= (4)
which is a positive quantity.

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

il

X K W2 cos 8

Y

it

K W? sin 0, (8)

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

K = Ky for W< W,

K=K +K (1-3) forW>W_, (6)



where the constants Ki and K, are taken as 1.2 x 10"% and 1.8 x 10'6,

rospectively, and We 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 % 10‘§ if the ratio of air density to water density is taken as

1.2 x 102,

In the presence of rainfall an added flux of momentum proportional to
RW 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, qp,
at the juncture of a flooded square and a dry square is taken as
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q=0,‘ (8)

if the elevation, H, of the water is less than that of the adjacent
dryland. However, if the water level is greater than that of the dryland,
then the rate of flooding, 4n, DPer unit length of land barrier, is
given by

q

=+ CD * (9)
n — 0 b(ng) ?

where D}, 1s water depth over the crest of the barrier, and Co 1s 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 is the water level on the high side.

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

| L
q = * CsDb(ngl - H, D, (10)

where Dp 1is the water depth over the crest of the barrier, H; and H,
are the water levels on the two sides of the barrier (both of which exceed
Zp), and Cg is an appropriate dimensionless discharge coefficient for

the submerged barrier (generally less than v2)., In this case, Dy is
taken as (H; + Hy,)/2 - Zy. 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=H (11)

g 3
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

3U/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=H +q/Cq, (12)

where ¢, 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 conditions after a suitable
lapse of time from the initial state. Thus, the initial conditions can
be somewhat arbitrary. As in the laboratory model experiments, it is
reasonable to start from a state of equilibrium in which U and V are
zero and H 1is 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 1is 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)

3 3 9H

AR rECEOREES R RN R (1)
A, 20

8t+ Ts Lf, (14)

where

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

o = wf|Q|/A2 where f 1is a dimensionless channel-friction
coefficient;

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

L, = 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; L; 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)?/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

34 _ oW
at ot
JA _ __9H
5s  "as TP (15)
where
e
SJH const . (16)

(For a channel of uniform cross section the latter quantity would be
zero.) It can be shown, following Dronkers' (1964) analysis and con-
sidering equation (15), that a characteristic form of equations (13)
and (14) is

dq { +/”;}dH {S~GQ+Lm+b.[—Q}2 (% /_1} }(17)

dt A
along the path st} where

ds

dt (18)

*

<]

>0

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)

Cc
t+AL

t
Xﬂ 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 ¢ and H at points X and xp 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, Ly = 0) of a uniform cross section
(b = 0) without friction (¢ = 0), in the absence of wind stress (T = 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,
dH/dt = dD/dt, so equation (17) reduces to.

SO0 4w+ V) 2= o0 (19)
along
—3—?—=u_—i_-@. (20)
Equation (19) simplifies further to
wD é——(u + 2/gd) = 0. (21)

dt

Thus, for this special case (u + 2/gD) is conserved along P where
dx/dt = u + /gﬁ} while (u - 2vgD) is conserved along N where dx/dt =

u - /Eﬁl Thus, u and D (hence, Q and H) can readily be evaluated
at C.

In the more general case the time integral of the right-hand side of
equation (17) must be estimated in a rational way. This is considered
later in Section III,2. Also, in the general case it is usually not
possible 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, Ly = q; - q, in the absence of rainfall, or

Lg=4gqy - qo + WR (22)

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

= - 2
Lm qi Uy 94 Yo (23)
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the transfer from rainfall being included in the wind-stress term as
discussed in Section II,1. In equation (23) the quantity wu, is
simply Q/A for the channel while u; 1is the channel-directed com-
ponent of velocity of fluid from the adjoining block water area. In
equation (17) the terms L, and Lg contribute to the right-hand side

the quantity,

-1 -Q 24
FoEL -2 Lo+ /fw L . (24)
Using equations (22) and (23) yields
_&1/2
FL = qi (ui - uo) - wRuo + [W} (qi - q0 + 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 III,2,

b. Simplifications. The SURGE II program uses certain simplifica-

tions of thelabove equations. For normal conditions, the propagational
speed (gA/w)? significantly exceeds the speeds uj oOr up; i.e., Q/A.
Accordingly, F is approximated by

Fo=+ [géﬂg L

W (26)

£

Elsewhere in equations (17) and (18), Q/A 1is neglected compared with

(gA/w)s, Moreover, each channel reach within a grid block is considered
of uniform width and bottom elevation Zc; however, w and Zc vary
from one reach to another. Thus, b = 0 for each reach and

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

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

e E /e 9T = L - lolafp?n) £ VED (qp - a_ +wR)}  (28)
along
-+ (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 .
EE’(Q jj% wDvgD ) = 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 Reld 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,
As, for uniform time steps, At. The values of H are representative
of the water level for the grid square 1, j which is centered at
x= (i -1/2) As, vy = (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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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 Jater. 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 1is consistent with
that of H.
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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 £QV'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, wusing centered differences for
the spatial derivatives, are as follows:

Ut (i41,5) = EI(_llT [U(i+L,3) + %ﬁ—g [D(i+L, 1)
+ D(1,5)] [H(L,§) - HEHL, )T + X@+,)6e) (3D

VLI = ey VLD + B2 e, )
+ D(i,3)] [H(i,i) - H(L,5+1) ] + Y(i,j+1)Ac} (32)
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e . . . At . . . .
H'(:L,J) = H(l’J) + KE‘T [U'(lsj) + V' (1’3)

- U (i+1,3) ~ VI(@EL, 3D T + R>L, ) A, (33)
where
D(i,3) = H(i,]) - 2(i,3), (34)

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

Gy (1,3) = 1 + £at {[4UG+1,5)12 + [V(i,]) + V(i+l,j)
+ V(i,j+1) + V(i+l,j+l)]2}1/2 [D(i,j) + p(i+1,:r)]"2 (35)
and
Gy (i,3) = 1 + far {[4V(i,j+1)2 + [U(i,§) + U@E+L,5)

+ UL, L) + UGEHL, $+1) 12F2 [D(1,5) + D@, i+1) 2. (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 contribution 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, 7T, of these two
forces which is of the order, "

T = AD/fu , (37)

where

A = Coriolis parameter (20 sin ¢, Q being the absolute angular
speed of the earth and ¢ the latitude);

D = mean depth;
“f = bottom-friction coefficient;

u = typical fluid speed in the bay.
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For 30° latitude A = 7.3 x 107°; typical D and £ for gulf coast bays
are 10 feet and 2 x 1073, 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 1is 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 only 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/(2gDy,4)?, where Dy, 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 dps Dy, and AH at the same time and in the immediate
vicinity of the barrier. 1In the grid scheme used, however, the flow and
the water level are staggered in time; moreover, the water levels like
Hi1 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 1is 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/LC%)]qﬁ]qﬁ/D% where Cb is the barrier discharge coefficient
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(Co or Cg, depending on type of barrier), qj 1is the transport per unit
width normal to the barrier (either U' or V', depending on barrier
orientation), Dy, 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 dp at a barrier, given
qp, at the previous time step, is:

latla) + Tql = F , (38)
where
2
) L(CbDb) o)
T DAt
and
F = g(CpDp)?2H + T = (qn + P) , (40)

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

qay = * CpDy YglaH| | (41)

which is consistent with equation (9) or (10) with Cb and AH taken
as C, and Dy or Cg and (H; - Hy), respectively, depending on the
barrier. The more general relation (eq. 38) provides an added effect of
the wind and of the inertia of the water on the blocks. For a submerged
barrier, L 1is taken equal to AS; 1i.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 Dy are taken as follows:
Submerged barrier (Hy > Zy and Hy > Z)
Cb=C

S
L = AS AH = Hy - Hp
D, =[(Hl + Hz)/2]— Z o
Overflow barrier (H; > Z or H, > Zy)
Cp = Co Hy - 7 (2)
L = AS/2 AH = or
Dp = |oH| Zb - Hy () ,
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where Z;, 1is the elevation of the barrier crest, relation (a) being for
Hy > Zp and (b) for Hp > Zy. If Zp exceeds both Hj; and Hp, then
qp = 0. The meaningful solution of the quadratic equation (38) is

ap = + {[|F] + (1/2)2)% - 1/2}, (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 Ilocation; 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 Xx 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 7Z, C,, and Cg must be prescribed. A
real barrier is one where Zy is larger than the Z value for either of
the adjoining blocks. A null barrier is one where Zp 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 (Zy, 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 1is 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, (@, 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 gg¢, vrespectively. 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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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

@) - Q) +w/eD (&) - = Wi, - £ [alqy/ B)7w + /D sal de,  (44)

where D = (Dy + Dp)/2, Ts is the appropriate wind-stress component
(X or Y) corresponding to time level t for the associated channel

block, Aq is the net lateral flow per unit width, and Q 1is taken as
= 02 + 02)/21°2
Q= [(qg +Qp)/21" . (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
Q) + (w /gD JOVR, = [(q, +w /gD W) + (WI_+ /gD Aq) Acl/G ,  (46)
where

G

1+ chtlal/(ﬁ)Zw . (47)
Similarly, for the negative characteristic from B to N',
o - (w/ED /Oy = [(Q, - w/gb W) + (VT - /b 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 ¢, using equation
(29) for the path. The distance from A to P or B to N, wusing
the mean wave speed for the channel at time t is VgDAt. The interval

N to P 1s equal to As. Let

o = /gg—At/As : (49)

37



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

Q = o Q+ (1-aQ
(50)

fl

QB (l —(‘L) QN + a QP 3

and similarly for Hy 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 1is 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 = Q' - M' ,
where
A =w /EEVG . (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

Qi' + A1 - H' = BP1
Q2' + A2 « H'" = BP2
(53)
Q3' - A3 ¢« H' = BN3
Q4' - X4 - H' = BN4 .
Now, continuity requires that
Q1" + Q2' - Q3' - Q4 =0 (54)
at a common junction. Thus,
(A1 + A2 + X3 + X4) 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).

For those cases where one or two of the above merging channels do not
exist (i.e., null channels), then their width and A value are zero.
Moreover, the program yields zero for the BP or BN values of any null
channel. Thus, equations (55) and (53) can apply for a general junction
consisting of from two to four real merging channels.

¢. 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¢ - qf + WR , (56)

where q. 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 q¢ (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¢ - qf. Hence, special care must be taken in the model to
avold possible instabilities caused by improper calculation of these
transverse flows., However, there is no particular difficulty with the
rainfall term in equation (56) which is generally at least one order of
magnitude smaller than that of the '"net" lateral flow. 1In a sense, the
potential difficulty with the transverse flows, q¢ and q., 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 such channels.

On a given side of a channel, basically four physically distinct sit-
uwations 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
(q¢ or qg) being constrained to zero value. For situation (c), the
predictive-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, [ 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 occur 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 is 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 oT
from the channel, the relation,

4y = * CoDpleDp)? > (57)

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

the time t, the value of  qp may change significantly over the predic-
tion interval At 1f (ng)/2 > w/At.
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Under such circumstances, an approximate prediction based on the
initial values of ¢, could lead to physically impossible changes of
channel level. Thus, tests are included in the program to constrain the
lateral flow, such that q¢ - qf 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 AH..

For any of the situations illustrated in Figure 10, the SURGE II pro-
gram compares lqt - qfl with leC/At . If the latter is exceeded by the
trial value of |qt - qfl then an adjustment is made in q¢ OT dgf such
that [qt - qf| equals |wAHc/At|. For cases A, B, G, 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 1is 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, is taken to be that which would be required to bring HC to a value
equal to the existing mean level, HM, of the connected channel and
block. For a channel connected to a block on one side only then,

_HB - L +HC-W (58)
(L+W) ’

m

where HB 1is the water elevation on the water-connected block, L 1s
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 q4 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

qe = qp *+ Aq/2
and (60)
qg = q - ba/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
Q' =+ Q}

H‘

Q' - B)/x, (61)

where Q. 1is 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 1is 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, II* 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) + QQ)At/24, (62)
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where Qé and Qq are the new and previous values, respectively, of

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

Ap = (As)z, but for situations 3 and 4 a channel might exist on the
ponding block in which case Ay = (As - w)As.

Equation (62) involves two unknowns H' and Qé . However, for the
channel,
Qy + M' =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 Qé for an "H-end" condition are

H' = (F + BAt/ZAb)/(l + AT/ 2Ap) (64)

Q' = (B - AF)/(1 + XAt/2Ap) , (65)
where

F=ZH + 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 1is

H'(i,3) = H(i,3) + [U'(i,3) - UCT'(k)]at/(As - wx)
+ [V'(i,3) ~ VCT' (k) 1At/ (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)

Ui + 1,j) ifwx =20

or

VCT' (k) 0 .

Vt(i,j + 1) if wy
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-1ying 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. ITT1,
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).
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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., a 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 1located 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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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
o2 for Sabine Pass is the first partial sum shown in the last column. The
effective value of a2 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 1078 (square feet) ™1
Table 2. Data on simulated Sabine Pass and Calcasieu Pass.
n | W D. Ac Le a? x 10 | a? x 10°
(ft) (ft) | (ft?) (£t) (ft™2) (ft72)
Sabine Pass
1 2,330 20 46,600 24,360 0.561 0.561
2 2,860 21 60,060 36,480 0.482 0.482
Subtotal 1.043
Calcasieu Pass
3 800 32 25,600 24,360 1.162 1.162
4 500 40 20,000 12,160 0.760 0.455!1
5 1,000 16 16,000 34,480 8.960
Subtotal 1.617

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 _
r = 5.59 = 0.58 .

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

360 _

55 47° .

6 = (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 17.5

2 Port Axthur 1.53 19.0

3 North Sabine Lake 1.40 21.5

4 Beaumont 1.52 21.5

5 Orange 1.40 23.0

6 Cameron 2.05 17.5

7 Hackberry 1.06 22.0

8 Calcasieu Lock, west 1.45 20.5

9 Lake Charles 1.60 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

_ 27 _ ; -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). 1In 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
f. = 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 datmm 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, Necheés 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 runms.

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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Figure 28. Wind-stress vectors for Hurricane Carla, over
Sabine-Calcasieu region on an 8-nautical mile
grid; time = 24 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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Figure 32. Wind-stress vectors for Hurricane Carla, over
Sabine-Calcasieu region on an 8-nautical mile
grid; time = 60 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 27.55 in 27.55 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 model (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 34. Hydrographs at Sabine Pass, U.S. Coast Guard Station for

Hurricane Carla (FK = 0.0010).
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Figure 35. Hydrograph at Port Arthur for Hurricane Carla (FK = 0.0010).
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Figure 36. Hydrograph at north Sabine Lake for
Hurricane Carla (FK = 0.0010).
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Figure 37. Hydrographs at Beaumont, Neches River, and Brakes Bayou for
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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.

89



L/VL/VT/VTI&\\\\\KK\W ,m,m
t—y t—p b —> P 7 \ T M

W
,,\ —p — > T e e G N !

90



ey — —p —_— > P




f g
f/////
Sy

7
i

#
Figure 46. Wind-stress ve s, slow
translation (LR-ST) on an 8-nautical mile grid;
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Figure 50. Hydrograph for SPH, LR-ST at Port Arthur (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 53. Hydrograph for SPH, LR-ST at Orange Naval
Station, Sabine River (FK = 0.0010).
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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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103



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-MI' 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
speed 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 entrance 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
Cameron 11.3 1 11.0 1 10.8 1
Lake Charles 14.1 6 14.2 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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Figure 58. Wind-stress vectors for SPH large radius, medium
translation (LR-MT) on an 8-nautical mile grid;
time = 20 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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time = 40 hours.
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Figure 63. Hydrographs for SPH, LR-MI' (with and without
rainfall) at Sabine Pass, southwest jetty.
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Figure 64. Hydrographs for SPH, LR-MI' (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-MI' (with and without
rainfall) at north Sabine Lake (FK = 0.0010).
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Hydrographs for SPH, LR-MT (with and without

rainfall) at Beaumont, Neches River, and Brakes

Bayou (FK = 0.0010).
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Hydrographs for SPH, LR-MI (with and without

rainfall) at Orange Naval Station, Sabine River

(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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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 MT 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). It should be emphasized that the coding of

calculations of fiow and water level for blocks does not include
effect of Coriolis force. Moreover, no attempt has been made to
mize the coding since the original version. The actual new part
program 1is ecmbodied in SUBROUTINE CHANL and the way in which the
computations mesh with the block calculations. Thus, while many

may prefer their own version for calculations over the main grid,

the
opti-
of the
channel

users
it

should be possible to incorporate SUBROUTINE CHANL with their own pro-

gram when applied to systems like the Sabine-Calcasieu region in
allowance for channels is essential.

1o
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J\AI‘I):NFH‘!

00 130 Taot,lm
vh(T)ea,

DO 136 JsteJn
rled)at201400)
2317(1.0)
IF(Z, 0T #6TY WeTed)3nG]
ulleddzo,

126

PT2a0026b
PT2e0027

PT2=0028
PT2=0029
PT2=0030
PT2=0031
PY2egn3?2
Pre=0n3ty
PT2=(N3u
PT2=0035
PT2=0036
RT2e0037
PT2=(nis
PT2=C039
PTeagour
PT2agnul
PTemonu?
PT2eu(tud
PT2mg0ud
PTRa(NuS
PTZ2=0Nub
PT2=0047
PT2=0n48
PT2«0049
PT2=(0nsS0



SUBRQUT INE PART?

55

3]

6S

70

78

80

85

90

35’

(8K e)

Lal

€3

{30

15
140
229
210

250

{148

200

30¢C
310

20

330
340

T4/74 QRT=2

V(led)an,
MTIvEsm

FYN a,64420 08/22/77 16451406

PT2agnsy
PT2=0052

READ CHANNEL PATA AND ESTAGBLISH KEY 4RRAYS

IF(KCM 6T, 0) Call CHavL(])

PT2=0053

READ GAGE LOCATIONS FOR SAVING KEY W AxD Q YALUES A4S TIME SEQUENCE

CALL SavEC(Y) PT2=0054d
READ LIST DATS AND PRINT PRNHBLEF IDENTIFICATION 4ND 7 FIELD

READ 185, IRERTeJENDONF o IBELIMoNT N ARD PT2a0055S
FORMAT(11,14s415) : PT2=0056
FORMAT(  siw 4184271542¢3042) PTR=0057
FORMAT (1M1 . PT2ennsh
FORMAT(1542,154201082) PT2=0059
PRINT 220 PT2e0060
DO 250 J=91¢NCARD PT2an061
READ 230, (ALPHA(I)olzi,u0) PT2=00862
PRINT lags (aLpwalllel=zl,ug) PT2=0063
PRIMNT 29q PT2=0064
CONTINpE PT2w(0bS
RF3(RF/12,)%5C0NST PT2«0066
NEw1zAQOW PT2=0067
XNQASrGw PT2=0068
NEx3aNQRY PT20069
XNORTzANDT PT220070
I9TR=TgTReNFY PT2agn71{
IxDaipeyFy PTeagr2
AdsL2 PTgm0n73
Alexy RPTRmOnTd
JHMa Mgy RT2=0075
LJKaL7et PT2a0076
KIKBKZwt PT2=qn77?
ENTRY paRrT 28 PT2=0078
NU @8 (NMaTNTIMEY)/INTER PTRa0079
CalLL PLNY

PLOT CranmELS AND BARRIERS

Call SAvE(2) PTemwpas2
IF(KCM,GT,0) CaLL CHANL(Y) PT2a0083
START OF vIME {NCREMENTING LUOP

CONTINUE PT2a(fige
IF(NQWIND,LT Ny GO TO 439 PT220408%5
IF (NEx1anND%) 33043106310 PT2«0086
CHB(CHST(NEXT o1 )=CHSTINEXT1)) /X 0w PT2=0087
BINDECHET(NEXTY) PY2a0n88
NEnIBY PTeagngn
DO 320 NEw2sye1MRO PT2rCNB0
CROCHNER2)a (POINEWR s NEXTL 4 ) aR0(NEw2 NEXT]) ) 7XNGH PTRa0n91
NEXTISNEXT {4} PT2e0992
GO T0 34g PT220093
NEAIBMNEW ey PT2agnqu
ANJENE WY PTR=009%
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SUBRQUTINE PaRT2

119

126

155

(s Xalal

350
360
370

380
39y

wae
416

429

430
4d

500
519
560
S7v

580

890
£90

02¢
el0

630
eu0

T4s74 cPTRe

CHETSSRINP e (AN al ) 2L~

YCECHETR

DO 350 WazieIMRO

NXBNEX T

HRO(KAy=on(Kay NX=] J¢(AN]=],)%CRO(KA)
IMQURENTIME/NFLURNFY
IF(NTIMETSTR) 43093800370
IF(NTIVMEaTnN)3R044104030
IF(NEwTerneT)Ugne397+390
HEWUB(LTET(KLs1)=DIST{KC) ) /XN0AT
KC3KCe)

NEwZE Y

GO T3 u2p

NERIENE W

GO TU 420

Afalsen

KCaxCsy

CONTINGE

ANZINE LT

ANUS F ay
RS(RFEX(DIST(K @l )+ (Av3m] %2y J)/XNQRT
Ralngo

GO0 T0 4quo

Raluzo A

CONTInyF

E~NO OF RaAlI' avnp RO VALUES

START gF wl%p CAMPUTATIONS
IF (JwInDeanFUYR0Gs8904510
CONTINYE

IF (IFIRST)I60N,870+570

G0 S50 T34,1In
HG1(1)sHG2(1)

DG SAn Jatem

X1 (Tedyuxd(1+Jdy
YIC(Ied)oy2(14J)

DO 890 TR{z2,A4

FEL (IR )s=aD1IRY)
MTIMEguTPIMES

ITEYTIvE 4y

D0 610 I=zt1,k4ay
HOGR(IVYEHGRM(TvIT)
IF(N0nIND,LT,") GG TO 610
U0 620 JafylMby
XR(TeJyzxRt t1ataIT)
YR(TeJyeyruttegsI™)

CONT [NyE

DO 630 Ju243
rAR(JYaHRE(Je1T)

JeIND®)

8=t

DO 710 Latelmayx
JOBT#CL 7% =1

128

FTN g,64u420

08/22/77 16451406

PT2enngh
PT2«0097
PT2=0N98
PT2=0099
PT2=01010
PT2e0t01
PTe=0102
PTe=0103
PT2a010d
‘PT2=0105
PT2a0t0b
PT2mg107
PT2=0108
PT2=0129
PTeg=0110
PT2a0111
PT2w0112
PT2=0113
PT2=0114d
PT2=0115
PT2=0116
PT2=0117
PT2=0118
PT2=C119
PT2=0120

PTem0t2}
PTew0122
PT2w0123
PT2e0t124
PT2=0125%
PTaan126
PT2=0127
PTe=(128
PT2=0129
PT2-0130
PTR=(013}
PTR2ent32
PT2«0133
PT2=0134d
PT2a«0135S
PTRe(136
PTea0l37
PTe=0138
PT2=0139
PT2antiud
PT2e0141
PT2a0142
PT2a014l
PTe=0i44
RPT2eus



SUERQUTINE PaRT2

160

165

170

180

198

200

205

210

[sXe¥el

nDoo

880
660

670
630

700
7140

729
730
740
750

800
810

820

830

840

TUs74 0RT32 FIN uob#d290 08/22/77 16.51.06

DO 680 kgtynpu
T181+(xKZ74(Kel))

12sT1+x1Ix
OXRE(xB(Ket el JmxR{Kel)) AL
DYRS(YR(K$T e YwYR{KaL))/8YJ
GO TO (wSN,667%)418

DHk3 (MGR (K41 )auwGRIK)) /AT

CO 586 1Caltelp

CFUZ]CaTy
Y2LICoJCYaYR(KyL)I*(DYRE(DFU4,5))
X2(1CsJCyaxo(K,L)+(NxIsDFU)
GO TQ (6714680} .15
HGE(ICyamtia(x)4DRR$(DF+,5)
CONTINUFR

DC 690 ImrT22,R
FB2{I9T)I2wRA(IRT)

GO TU (7004710),15

]8a2

CONTINUE

00 760 Iatel~

RO 730 LatLmM
Jists(L7%(L=1))
JezJieLIx

JIKIZ J1e7Z

JiLdeJi+L7
DXRE(X2f[oJIKT 1=X2(1ed1))/al
DYRS(Y2(14J1LJ Yev2(ledi))/ad

pe 720 JaJieJ2

DFUzJeJt
X2(19J)ax2(1eJ1)+DXRE(DFU+,S)
Y2(IeJ)sy2(1,J1)¢0rR2DFU

CONTINUE

CONTINGE

CONTINYUE

IF (IFIRST)TS0,80049800

IFlRSTs1

60 TG 570

CONTINUE

ANUPaMNPY

wINDSJaIND

DFUS{wirDml,) /80P
DFUMANEie (], /ANIIP)

DO 820 wzp,8

MH(K)ZuP [ (KYeDNpUM¥ (HB2(X)=rRL (X))
HG(IM)a WAL LIy + DFUMS(RG2(LIY)=xG1 (1Y)

SwEEF wwQLE FIELD FOR FLOW FROM BLOCKS

U0 20106 JayeJmu

THIS RRANCH §X TIPS THE INVESTIGATINN OF POSSTHLE BARRIFRS FOR THWE
ROwr Jey, FOR Jzi THE INDICATUR LGz3 IS SET. IF J IS GREATER THAN
1 A SEARCH FOP BARKIERS IN ThE RQW wILL TAKE PLACE,

kKJ 8 ¢

129

PTea0lut
PTRaciu?
PTga0148
PTes01us
PT2=0150
PT2=0151
PT2=0152
PT2=0(153
PT2m01504
FT2en{8S
PT2=0156
PT2=0157
PT2=0158
PT2e01%9
PT2=0160
PTem0ibl
PT2eGi62
PT220163
PT2e01blU
PT2eC165
PT2eG166
PT2etie?
PT2ag168
PTR=0169
PT2=0170
PT2=0171
PT2=0172
PT2=0173
PT2-Ct74
PY2=0175
PTE=0176
PT2=C177
PTeecy?8
PT2=C179
PTeec180
PTe=0181
PT2=¢182
PT2=6183
PTea184
PT2=0185
PT2wp1BS
PT2=C187
PT2+0188
PT2=01869
PT2«0190

PT2=20191

PT2e(192



SURROUTINE PLRTZ2 T4s%4 opTER FTN L,b%k20 08/22/77 1e.51,08

Leo PY2e0193
c A NOWApl COMPUTATIONY SEQUENLE wWILL GCLUK.TWE FIRSY xeDIR FLUX
215 c TEFPORaRY §T0QaGE IS SET AS THaT nf ThE FIKST COLUMN,
¢ Trk hegvrgp an0 LLCBTIONS OF ThE RARRIERS PRESEAT In THE ROw ARE
¢ FOUNG st PLACEN In TEMPORARY STOReGE, IF NO RERRTIERS ARE PRESENT
[+ THE INDICATOFR kJ REMAINS Z2ERU,
IF (K™ EQ.0) GO 10 870 PT2a0194d
220 L0 BbDd Kg1ekM PY2=019%
1F (J=JR(K))BK0+8504860 FT12e0196
BS0 XJ & KJ ¢ 1§ PTRe01Q7
LELel PT2=0198
KB{L)mx PY2e0199
22% C
840 COLTINUE PT2=0200
4 CASED ON «Jo THE INDEX LJ IS SET 70 INDICATE TrE RARRIER SITUATION
c 1IN THE Mpaty cowPUTATION, LJsl FOR ~O BARKIERS,
1F{XJ)R70,87048R0 PT2e0201
230 870 LJ=1 PY2ag20?2
GO T0 899 PT2e220%
8RO LJR2 PT2a0204
|4 .
[ THIS 1§ TWE PRIMA&RY LDOP FOR STEPPING THRU THE IM GRID COLUMNS,

235 890 DT 2000 efeivm PT2=0205

I SEGIN THE Exa™InaTIOn OF THE BASIC TRIAD OF GRID SQUARES, THE
[ CUMMY VARTARLES H1aDL1eH2eD2 ANC @ 4RPE USED TO £LLOW ONE ROUTINE TO
c tE E“PLNYED FOR BUTH SETS OF SQUARES, SCUARES ONE AND Tw(0 ARE
c TAKEN FTRST,
2uo G0 IF (Jm1)610¢9104920 PY2e0206
910 rG(T)eRGI 1)« DF I8 (HGR(1)=RGI(])) PT2wp207?
G20 X(1)BSn{xt (T oelyoDFUR(XR(IvJIX1(Ted))) PTRep208
YOIIESKEv (T9J)eDFUR{Y2CI0d)mYI(Ied))) PT2=0209
R B H(T4J) PT2m0210
24s 28 12010 PTee0211
Dt & Hyey PT2=0212
C TR1IS BRANEH wI| L SEY UP &4 SEARCH Fpp 4 BARRTER TN THE SGUARES :
[« BEING CNNSIPERFN IF LJs2, IF LJ=z)] 0 TWE BARRIER EXISTS BETWEEN
¢ Tt UTHRER PAIR NF SUUARES AN INDEX 15 SETy LIszy, FOR A BARRIER,
250 ¢ Li=2,
1000 GC 70 (10u0e1010) 0L PTe=0213
C T=]8 X LgNP SFARPCHES FOR 4 BERRIER TN THE Palm OF SQUARES,
1010 DO 1030, Kagexd : PT2e0214
K1z KB(K) PT2m0215
258 IF(I=IR(KI))1030¢10200¢5030 PY2=(216
) 1020 L1I=2 PT2eg217
60 TO 105n PT2=0218
[
1030 CONTINUE PT2=0219
260 1040 LIzt PT2e0220
o THE DyUmmy yaRTIARLES r2 AND D2 ARE SET FOR THE SOUARE ONE AND Two
C CaLCuULaTion, THTS IS INDICATED BY 0=y,
1050 CONTINUE . PT2ag2el
1053 »2 8 N(T¢ted) : PT2eg222
265 1056 2 3 I2¢T4140) PT2=¢2e3

130



SUBROUTINE PaRT2 74474 oPT32 FIN 4ob+020 08/22/77 1645106

D2 x Mz «7 PT240224
LG = ¢ PT2wG225

c
[ THE INVFSTIGATINN OF TmE RELATION BETAEEN DATUMS OF BOTH PAIRS OF
270 [ SQUARES BEGTINS WERE, THIS BRANCHM TESTS LI FnR 4 BARRIER,
1060 GO TU (111041070001 RTeeg226
c A BARRIFR EXISTS AnD On THE BASIS oF LG THE DATUM IS ASSIGNED THE
[ PRCPERP RARRTER "WEIGHT,
1070 GO TCO ¢108041090) L0 PT2=0227
278 1080 28 3l7x(t«¥) PT2m0228
CO0T a 1enoX(XT) PT2=0229
COSI = 1CnsSx(xI) PT2«0230
GN TO t1an PT2e0231
1090 Z8 8 Iz2v(xI) PT2=0232
280 COGI = tenav(xI) PT2=0233
CNSI = 1¢nSY(xT) PTE=0234
1100 ZR = 78 0,1 PT2=023S
CDO! s cory # ,001 PT2=0236
COSI = cpsy = ,not PT2e(2137
28S GO TO t1un PTea(238
[ NO RARRTER FXISTS, THE RELATIVE DATHM WEIGHTS OF THE SGQUARES ARE
[ TESTED anr THE #]GHER DATUM SET EQuaL 19 ZIb,
1110 €DCOTI = ¢con PT2=0219
IF (M1eD{ex2sD2)1120¢113001130 PT2=0240
290 1120 IB3a(r2ah2y . PT2eg2ut
GO TU 1tun : PT2w0242
1130 Z8 3 wy o DY PT2e02ul
T=E INVFSTIGATINN QF THE CEPTH SIGNATURES BEGINS 4T TRIS POINT,
I THE PRQPE® ASSIGNMENT 15 MADE FOR THE FLUX CLACULATION,
295 ¢
1140 1F(N1Y11Sn,1160,1190 PT2e0244
1480 L“=1 PT2e02LS
GO TO {170 PT2ag2u6
4
300 1160 L¥s2 PTR2eC247
1170 JFP(0DR)136n0,136001187 PT2w02ul
1180 JF(=2e22)1340+1306041260 PTCm0249
1190 IF(C2)120n,1210,1230 PT2«025%50
. 1200 LMay PT2e0251
305 Go TC 1229 PT2w0252
1210 (Ma2 PT2«0253
1220 IF("1a29y1360,1360s1270 PT2=0254
1230 IF(=1a2R3116001160+1240 PT2=n25%
1240 IF(™2w22)1250.1250912R80 PT2=(256
310 1250 Lve2 PT2e0257
GO T0 f27¢ PT2w=0258
1260 DHEZdwk)p PT2e0259
DP2AaBS(NrY PT2ec2e0
T40 & u,x N2 PT2e0261
315 GO TO (1290+1350) 0L PT2m026?2
1270 DWzriezn PT2=(263
DPEABS (D) PT2ea026d
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SUBROUTINE PaRTR Ti/74 neTE FTN Go0u20 08/22/77 16,51.96

TAD 3 ¢, Dt PT2e0265
320 GO TO (t3n0v¢1380)9LY PTR2=0266
1280 GO TU (1upne1330)0LT FT2m0267
1290 R{lrd)zviant PT2=0268
GO TU 11ig5n PT2=(269
1300 GO TO (131041320000 PT2=0270
325 1310 HLI41e )Y @ w2 o (2 PT2m0271
GO Tu 135n : PT2mp272
1320 ={levde1) =2 w2 o 02 PTe=0273
GO TG 1389 PTe=0274
1330 IF (ZRe(K1aDi}) 146%911460v1300 PT2e0275
130 1340 IF(Z2Bu( 2aDP))1d00+146041370 PT2a0276
1350 IF(CP, LT,r,000001) GU T0 1340 PT2e0277
) GREW s fCnol wnm)*(CONTACH) PTe=0278
GO TO {1sn PT2e027%
1360 (=0, PTE=0280
335 GO T0 1870 PT2=0281
1370 DHEMHleH? PTéw0282
TAD = prang PT2=(283
D8 a(((wy1sm2)/2,) =1B) * COSI PT2ag28ur
DREw 2 DRaDR PT2=0285%
340 1380 GO TO (139041400)sLR PT2a0286
1390 G & UlTs1,0) PT2a(287
PUSH 8 x¢1 ) a DELT PT2=(02R8
GO TO jusn PT2=(0289
{400 O sV(I,Je1) PT2e0290
345 1440 PUSK = v(1) % pELT PT2=0261
c
[ SPECIAL ceLCuULATION OF @ FOR BARRIERS

{4S0 GDS=2GRavermrew PTe=02%2
RG2GLS/(CoxTaD) PT2=029%
350 FORCEIRGL(QePUSH)IPGOSH( M PTee0294
HRGIKG /2, . PT2%0295
G 3 SORT(LRS(FQRCE)HHRGHXZ) = nRG PT2e0296
IF(FORCE,LT,0,) G B =G PT2=02G7
GO TU 1890 PTéa0298

3158 4 .
1460 GO TO (1470+109n)4+L0B PT2e(299
1470 G = U(l+1e ) PYT2a0309
1480 Bl 3 v(T4J) ¢ veI4+19d) ¢ V(Iedel) & v(Ieledsl) PT2=0301
PUSH = y(1)a NELT PT2=«0302
380 GO TG 1810 PT2=(303
190 U 2 V(I4Je8) PT2a(300
1500 Bl 2 U(T,J) & yeI+ted) ¢ U(Tedatly & UCIetedst) PT2e(128
1805 FUSHSY(T)RDELT PT2=(30k
1510 A1 3 U, x @ PT2e03a7
365 1520 K & SRRTF  ((Ay %21 ) + (By 5 Bf )) PT2m(30R
1630 6 = 1, » ((C1 * R) / ((D1*D2)*(N1+Dp))) PT2=0309
TAD = Dren? PT2e0310
DH 2 piakp PTRwg3yd
1840 IF(PUSHY1&Raty18L2r1562 PTe=0312
370 1541 JF(N2en,011%60,1560+1545 PTe=0313
1585 1F(D2e),1)1504,1586s1540 PT2=0314
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SURROUTINE PARTR

380

188

395

420

ts42
1543
1844

4
C
1560

(s NaEaReNaNal

18570

1874
1577

1872
157¢

1875
1574

1573

1830
1590
[
{610
1620

4
1630
164§

4
165¢

1870
16AR0

2892
[+
1681
1674
1671
1672

T4/T4 cetap FTN 4,b+420 08/22/77 16.51,06
IE(D1en,01156N0,1560+1543 PT2e0315
IF(D1=0,111%644,154441580 PTza03is
PUSHE0 0 PT2=0317
Ga8(Got V18,071, PTR=0318

STANDARED ealLCULATICY OF & FOR RLZEXS
G 3(1,0/G)80 7 s(C2 % TAD & U=)e Pygk) PT2w(319

TRE rmoann D CALCULATINNS ARE “abE r
LOZY1 THE ralcUp aTIONS ARE POSTRONEL anf & RgTyuRN TQ TWE RPOINT GF
ISVESTIGATINN OF TrE DaTUM RELATICNSSHIPS 1§ MaBE (STATEVENT 21)
AFTER TwE pDUMMy VARIARLES =2 AND D2 89E SET UP FGR TWE ONEmTRREF
SOUARES,

N TeE BASIS OF THE INDEX L5, IF

&
~

Golslise3 PT2=0320
GDe=l2/ry - ° PT240321
IF(ABS(N) LTl NE=10) GBG,0 PT2a0322
GO TG (157141681) L0 P7ew0323
IF(0)1872,1577,15873 PTReg32u
#lnzey PT2=201%25
GO Tu 188N PT2=0326
MLes{ PT2=0327
IF(rH2ezF) 1878157541575 PT2e0328
80,0 PT2e0329
GO TG 188¢c PT2e0330
IF(R024n) 1570015754 158G PT2e033y’
GeenL2 PT2=(332
GO TG ysen PT2=0333
LENEE B PT2=0334
IF(mlaz®) 187641580y 1580 PTe=0338
IF(I=1)1803,158n 11630 PT2e«0336
IF(JaJBLy1atce1al0sle20 PT2=3137
LEFT HaMn SEa#a00 EDUNDARY €ONDITION

n{lediawgeyy PT2a0138
uhsn, PTe=(339
GO TC 1670 PT22G3un
IF(JedEm)1pUGe1hulelnT( PT2e03ut
IF(Ielrvy1a70,14500107¢ PTam(G342
RIGHT waun GE4waRE RUUNDARY GO DITIAA

MDY 2 MGeTuH) PTea(3ul
GO TO tesn PT2=03uu
unti=ss PT2e034S
R 2 H(T,Jet) . PT2=0lusb
23 12t1+Js 1) PT2a(3u7?
02 3+2 a7 PT2eTul
LG 3 2 PT2=0309
GO TU {9pe PT2e(350
IF()16714167401073 PT2=0351
IF(¥Lw)14090416RA216RG PT2sn352
IF(reezRy 1472, 148241682 PTe=(353
G20,¢ PTReC 350
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SURRQUTINE PaRTZ

42s

430

435

440

4us

450

4ss

465

470

475

[aKeKa)

1e82
1685
1685
1684
1687

1673
1683
1688
169¢
1689
169}

1680

2000
2010

1700

1710
1720
1721
1722
1723
1724
1729

1740

c
1750

[a X ol

Jusve T ogeTsR

IF(MLu)16Ruv1bRUIICRS
IF(501ent)16Rge 100011084
uNiEuDy
IF(GU2+40)1687915&741090
Yzl

GO G tmgn
IF(H1a7R)1672416%3+1083
IF(MLw)1oRA4 16884 10R9
IF(QD1aN) 1692416922 1690
G260}

GO YO 1609n
IF{Q+UN1aND1)16900169091691L
ADD3 3 nNatint + 0,00001

G 2 (Q/0an00)Y2q01

UNL & (M1 /0a000) %008
vAl o3 g

Ulled)zyn

UN 8 LNt

VEIvJd) 3 yniD)

VANET) 2 vng

ConTINgF

UlIMeJy=yny

CONTINUFE

IF(KCM,67,0) CALL CranL(2)

SWEEP #~OLE FIFLD FOR m ON BLOCKS

Sumao,

COuNT=p,

D0 2620 JatyJuw

DO 1790 fajel¥m
2312(1,J)

DisH{Iy4J)ez
IF(J=1317004170041710

RUIely = MG

IF(D1)1740e172001720
IF(J=1)1790,17a0,1721
IF(I=1)17220172241723
IF(JeJALy17904179041729
IF(I=1M4)172GQ4172491724
IF(J=J329179041790,1729

FIN Uo,b%u20

SETUPZCRar(Teg e (T2l ad)evlie)aviTodet))

M{led)s WlleJ) ¢ SETUP & Rarwn

SUrBSU“+ ARSF(H(Tvd))
CouNTacnymT+y,

IF € DY 4 SETUP ¢ RAIN) 17G001740,1750

Hled) = 12¢1.0)
IF(xCM,6T,0) Go TO 1790

08/22/77 16451408

PTew035S
PT2=0356
! PT2a(3157
PT2=0353
PT2«0359
PT2a(is0
PTee3bt
PTe0362
PT2»0363
PT2«0364d
PT2a0 385
PT2e03866
PT2=0347
PT2=03p8
PT2=p3s0
PT2=0370
PYT2=0371
PT2«0372
PT2%0373
PT2=0374
PTe=(375
PT2=0376
PT2=0377
PT2=0378

PT2u(379
PT2aC3R0
PT2=0381
PT2=0382
PT2w0 183
PT2ap3sd
PTem=g3ES
PTRe0388
PT2=013187
PT2ec388
PT2-03289
PT2=0390
PT2«0391
PT2wn392
PT2«0393
PT2=0394
PT2«0393
PT2=0394
PTeec397
PT2«0398

PT2=0199

ENTER RUNOFF VALUES ON ENTRY BLOCKS ONLY IF CHANMELS NOT PROVIDED

0O 1770 IJK=zleNUMRO

IF (LROJ(TIK)=J317700176001770

134

PT2=0uU0N
PTZw0uo!



SURARCGUTINE PaARTR

480

48s

489

495

500

510

515

520

1760
1776

1780
1760
202¢

on

D OoOON

2075

2055
2090

2105
2100
2110
2130
c
2140

2150

2160

YRR nevse FIN U,64U20

IF(LAROTICTII«1aT)1 7709078041770

CoNTINUE

GO TO t79n

PUIsdya H(Ted) & mRO(IJKIEDELT/(0E xx¥2)
CONTIMGF

CorTINUE

IF(XLM 6T,0) Call CHanL(3)

THE TIME IANDICES &FE STEPPED TQ THE NEx LEVEL,

NT 3 MNT 4

NTIME 2 ATIME o 1

JRINDE JWINDe

IF{SUM/EOuNTe19n,) 237522140 02140

TEST TWf STASILITY 2F THE CO%PuTATIONS VIA AVE AsS(H),
COMPUTATINNS ARE STamLb, CalLCULATIONS CONTINUES
COMPUTATINNG 4cE UNSTARLE. AN ONeLINE MESSAGE I§ PRINTED

TEST NT FOR Twp CGUTPUT OF ueVeheDaXeY FIELOS,
TI* EMNTIMEaINTIvE

ITIMatyu

MINTZINTED

IFC(TIM/pINT)=ITIY/INTER) 209542055,2090

CALL saver2)

IF(NTaOLT) 2110212502100

QUTPUT teverePoxeY FIELDSe RESET NTa0 AMND STEP NN,
IFCINFLD 80,00 GO TC 2110

CaALL Cran (4

e TG 214~

L N )

AN B NN ¢ 1

HOUR & NTIWE/NF

CALL CHANLLY)

COANT INUE

IF (N“a »TIME) 2160121000222

STOR™ enupLETER, FINAL OUTPUY GN TaPES,
PRINT 218n,aN

FORMAT (24w §TGP A5 AT WTIME 3 ,14)
STLP

CalL SavEr3Y
Cali ConTInt2)
RETURN

END

135

08/22/77 16451400

PT2egug?
PT2agupy
PTeeougd
P12=0ugS
PT2e0u0é
PT2=G407
PTe=ceoo8d

PT2a0uns
PT2=0utl
PT2aguit
PT2=cute

PT2a0utl
PTReguid
PT2=0u1s
PT2a0ulé
PTe=oui?
PTawCUyR

PT2equlq
PTgmou2n
RT2ecu2t
PTRecu2?2
PT2e0423
PT2=0u24
PT2a0427
PT2ecuz28

PT2=0up%

PT2egu3}0
PTaeCult
PTR-cul2

PT2e(u3ld
PT2agu3u
PTeeGuul
PT2=(uul



SURROUTINE CHaNL TasTe ALY FTN Uobou20 08/722/77 18.51.06

1 c
c
SUBROUTINE CHaNL(N) CHALGOO!
o
5 COMMUN/ZRLKY/ TREL0OI9JBLIO0YIITI2X(100)+I2Y 1n0)eTCNOXCIGR) CmrLgo0d
1-1CDUY(100)'ICDSX(iOOJvICDSY(loo).LQOI(F)vLPOJ(B).DIST(Zﬁ) CrNL000S
29Cn8TL30)4sRO(Ry30)9sHGR(B)1XR{Bek) 1 YR(RIE) Y MRR(A) CHNLOND S
COMMON/RLKR/ T1Z2(28920)1U(2B¢20) 0V (2R020)1H(28020) ¢NTIME Crui0ag?
COMNUN/RLKT/ MM MMM MMAK ONFUR INFLD Mo JHeKMa™AX o LMAX W DELX s DELT (oML ORR
10 LoCODFR MBI OUT o KT gL 0 KIT LTy J3L ¢ JBR (K MMy | M RF ,CONST S CmLo0e9
Qe IFRCYJURO G KR4 TSTRyINDINOW g KIMgNORT ¢MT I E s [NTTIHE o NOAINC o GRAY CHeL G010
34KCHPeOFUINTER | CHnLentt
COMMTN/RLKG/ HRA(BI v CROCB) «XB(RU) X1 (28021) Y[ (28421)+x2({28421) Cmnlnayg
L1oY2(2By21)eX(25)91Y(28)eRG1(28) ¢ MG2(26) ¢HB1(A) (MA(Q)oyN(28) C=wlent 3
15 2eHG(28) «HR2(8) CHNLGL Y
COmuOn /8 X5/ 1¢GC130) 0 JdJCGOIT0) o Ialx 1380 lnacyYe130)412CxC13C) CralomS
$oIZCY (130 eACXPCL30)10CXNCLT0) ¢yACYPLII ) vQCYNEITOY oL (130) sRrPEL30)CH" 1 AALS
2oKC aKEx (130)exCY130)9KCB(130)0UCT(130)+UCF(130)4¥RT(130)y130% Crrignyg?
JeKEN(2139)0vCTCLI30)9VCF(139)4aCGX(137)0A00GY(130).KCXP(132) CraLg018
20 UyXCYP(130)eKLB(SO) e KLMgIFC(130)aFC CHMLGA19
COM0N/8 KT/ TENDINFY IBL  «NJyQ(40) CRaicngo
COMMOM/R K]/ KZvLZI"IU‘““foocllC21CStI‘4HoJ““‘v\TokjfH-EXT!vITf‘ClIFIQSTC““-L,C"\E“
Tadal Dy uEw] o XNOWeNEY I XNORTy ClUoRAINGAJv ATV JK KK CrmLgne2
EQUIVALENCE (D34DAC) CRaLo02l
25 c
ABSF (x) = ARS(Y) CryLeN24
SQRTF(x) = §grT(X) c=rLoa2s
4
GO TG (100042600+3G0044000) oN CHNLON 28
30 c
C CRAMNEL COBE | IS FOR READING CHANNEL DATA gND ESTABLISHING XEY ARRAYS
[+ CHANGEL ¢NCE 2 1S FOR FLO% AND MEIGHT CALCULATIONS IN CRAMNGELS
¢ CraNtEl ¢NOF 3 1S FOX CALCULATION OF % ON 8L 0OCKS CONTAINING CHANNELS
o CHANKEL CODE 4 IS FOR LISTING OF CrasnEL QUTRUT
35 [
C ENTRY POINT | ¢ OR READIMG CHANNEL DETA, INTTIALIZATION AnD FOR
C ESTRBLISHING KEY APRAYS FOR ROUTINE CALCUATIONS
4
1600 PRINT Sug CANLAB2?
40 PRINT g00 Cerlongs
800 FOURMAT (¢ THE FOLLOWING AKE SUBGRID CHMANNEL DATA= 7 VALVES IN FECHALQ029
18T (e /) CHALONED
CUds(OF Yexy/reLT CrALIN3Y
4
us c A NEGATIVFE T-Cx OUR I1ACY IDENTIFIES THOSE CradrglS «ITw RARRIESS OF
c EQLAL ELEVATION ON 83TH SIDES SUCK 45 & JETTY §Y5Tgw
c FOm S1-6LE RaPRIERSs Tré LaTTER I8 TaKE : ON THE INNER STDE OF THE
< CHa’nB RLOCK TF JZC IS NEGATIVEs ~WILE ON THE OUTER S§I0F IF 17ZC 1S
c PCSTTIveE
S0 CO B¢ wey el Cr' L0032
RE&T &nt, ITRENTe TCOCK) v JCOLR) o T X (kY0 120X () pTuCY(R)eTZCY(K) L't 2r33
telFC(x) Cxnr 0N 34
IF(IFC(X),En Ny IFC(X)s FCx1u000 CH L an3s

136



SUBROUTINE C=ani

$5

60

3]

70

78

&0

8s

90

85

e NoRal

[aNasNesNs Nel

50

89

Q0
91

502

100

10e

105

T4/ oPT=2 FTIN L,be020 08/22/77 1651086
FORMAT(1142X¢7599(3Xe15)) CHNLOO3E
IF(IDENT NE.8) GO TOQ Sio0 CHALGAZT
CONTINUE CHrLO03R
DO 100 KsfsKCM CHNL 0039
KEN(leK)zo CHnLOOUO
KEN(2eK)=zN CHNLOOUL
KRI(K)zn CHNLOOW2
KCX(K) 3 ¢ CHNLGOUS
KCY{(K) = o CHeLCOU
KCXP(X) & ¢ cHnLO0US
KCYP{X) = 0 CHrLOOUWS
1 & 1eGtx)y CHNLO0UT?
J 8 JCGIK) CHNLOOUS
DO 80 L3{¢XCM CHNLOO WY
IFCICO(L) EQ.CT+1) e ANDJCO(L) (EQ,J) XCYP(K) 3 L CHiNLGASO
IF(ICGL) R, I,aNDJCG(LYEa(Jo)) KEXP(K]) 3 L CHNLODSE
IFCICGILY ER (1o1) o ANDJCGIL) (EG,JY KCY(X) = L CHALONS 2
IFCICO(L) . EQ, T, 4NDJCG(L) ¢ERelJm1)) KCX(X) = L CHNLONS3
CONTINUE CnuLonsa
KCo(K) = ¢ CHANLONSS
IF (KM, EQ,0) GO 70 91 ErNLONSs
00 90 [={okM gruLGNAST
IFQIBEL) JEQ. 1,80 JB (L) EQ.J) XCBI(NY 3 L CHaLC0S8
CONTINUE CHALOOS®
CONTINUE CHMLEN BN
UCTIK) 2 0,0 cruloCel
UCF(XK) = 0,0 CHNLOOB2
YCT(K) a n,0 CHNLOCSHS
VCFIX) =2 0,0 CHNLNNpU
HP(K) a2 Heled) CHNLO0eS
PRINT 5025 KeICG(X)pJCOIK)pIACX(K)4TZCXINY 0 IrCYIKYIZCY(X)$IFL(X) CHNLONEE
FORMAT(( Kz fel30f 1CGT10I30{ JCO=1ol30( IwCx=0el80 ] 12CX= (o104 CmNLODST
1ol IwCyae1841f TZCYS{oluel TFCa(,1a) CrnLONGS
CONTINUE CHNLOO0BY
ARRAY KB IDEMTIFIES BARRIER RLOCKS ==]ICx ARE AJT COMMON

wITH CHaNNEL BLOCKS :

LCs ¢ CHALDOTN
DO 105 KetgKM CHALDATY
1218(K) CHNLOOT2
JaJ8 (k) CHALOO073
DO 102 LatgkC™ ChaLeOTY
IF(ICG(L) EN,T, 8NN JCB(L)4EQed) GO TQ 105 CHNLGOTS
CONTINUE CHNLDOTS
LCsLC+y - CHni o077
KLB{LC)=x CHNnLODTB
CONT IMpE CHRALQOT79
KLMale CRNLOORO

THE POLLOWING CREATES A SPECIAL INCEX FOR CWANNEL STARTING AND END

ANY BLOCK
ARRAY KEN IDENTIFIES
1 KCx H s

137
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#ITH NMEGATIVE IGE CR JuC IDENTEIFIeS & CHANNEL END POINT
“HAT TvkE OF Evp POINT EX[STS ACCORDING TO THE
KCA



SUBROUTINE CHANL

125

139

135

145

158

(s XeNalel

120

1214

125

Tusre QP1sR

.

e KCY H 6 KCY Q@
3 KCxXP W T KCXP @
4 KeyP W 8 KCYP Q

I80=9

DO 200 KafokC™

I=1CGeKy

J2JCG(K)

IF(KCX(KY NEL,0) GO TU {10
IFCInNCX (XY EQe0) GG TO 1140
1802”0+

K82KC e TRO

KECX(®)zKS

ICG(K)zar

KEN{1sKY=

IF(J.Eq, 1) 6O tn 1§10

431Z(1,Jday)
IF((H(X'J-l)-Z).LE.O) KEN(19%)=5

IF{KCY () ,LE, Ny GO TO {29
IF(IwCy (k) ,EQ.0) GO TO 120
1802180+

KSakCretm0

KCY(K)mKS§

IF(ICG(K) LT,0) JCGLK)ISay
ICG(K)gm]

L=2]

IFQICG (), LT, Ny L=2

KENCLoK) 2D
IF(l1e80,1,80D,J,LE.JBL) GO TO {29
KEN{LiK)2p

IF(1.FQ.1) GO TN 120

I3l2(lsy, )
IF((”(I-ioJ)-Z).GY.OJ KEN(LiX)=2

KXIXCXP(K)
KYSXCYP (k)

IF(IACY(xI NELg) GO TO 130
IF(XY,E9,n) GO 7O 12}
IF(IwCYtKY) ,NE,0) 6T TO y3p
IF(KX,EN,0) GO TO 125
IF(InCxtkY) ,nE a) GO TO 13
180313044

KEXP(K)zKCMe IRY

IFCICG() LT,N) JCGCK)zey
ICG(K)=w]

Lai

IF(JICG(K) ,LT,0) L22
KEx(Lon)s7?

1F(JeEQ,guv) 60 TO 139
I3LZ(T14Je1)
IFC(M(Tede1)eZ)o6T42) KEn(Lox)x3

138

FIN 4s04420

08/22/77

16.51,%6

CHNLOOBY
CHNL 0082
CHNLQO0A3
CrnLONBY

CHNLONeS
CHnbonge
CHnLOORY?
CHALONES
CHNLCOBI
CHhLong)
CHNLGO9Y
CHab o092
CHNLONGZ
CrHxLQ0090

CHNLOO0SS
CHNLONGS
CrNLYO9T
CHNL QOGS
CHiLOOR
CrNLDL00
CHvLot e
CHnL0192
CrnLote3
CHALOtOH
CHNLOLGS
CrnLotos
CHALG 107
CHALQ108
CHalotrng

CHALOT 1O
Crnlorty
CHylo112
CHaLo113
CHNLOY LU
CHNLOT1S
CHALDL TG
CHaLOo11?
CHnLo118
CHNLOTL9
Cunlgtae
CHnLOt 2]
CHnlota?
cHaLofed
CHnLG1 24
CHAL Q125
CHNLOL 26



SUBROUTINE Crani

160

16%

170

178

188

195

205

210

oy

(g ¥ Nel

131

135

200

410

Tu/70 oPT=e FTN deb+420

IF(InCxtKY NE.n) GO TO 200
IF(XX,EQ,n) GO T0 131
TF(InCXtKX) ME,N) GO TO 200
IF(KY EQ,n) GO TO 135
IF(IaCyetxy) NE L 0) GO TO 200
18021804

KECYP{K)sKCM+ IR0

IFCICG(KY LT, 0) JCGIK)se]
HATE ST P4

L3y,

IF(JICGEX) LT, Ny L=2

KEN(Lok)zA

IF(14GE I%»,AND,JeBT JRR) GO TO 200
KEN(Loex)za

IF(1,GE,IM%) Go TO 200
I31Z(1+4,0)
IFCCmEI+19J)mZ2) LEWO) KEN(|+%)3B
CONTINUE

I80M 1§ tWE TOTAL NUSMBER OF CHANNEL ENO POINTS OF ANY XIND

180™ = 180
KCMPIKCHe TROMS
DO 210 HzyeKCMP

HC(X)anG]

GCXPLK) 2 g,
QCYP(¥) = 0,
GCXNEX) 5 g,
GEYN(K) = 0,
A0GX(%) 3 0,
AQGY(X) a 0o,
CONTINUE

.08/22/77 164514006

CHNLOL27
CraLOt28
CHrLctes
CHNLG130
CHALOT 3
CHnLO132
CHNLOE33
CHnL 0134
CHNLO13S
CHNLOT 3
CHNLO13T
CHNLO138
CHNLO139
CHNLO 140
CHNLO1OY
CHNLOYU2
CHNLO1G3
CHANLOL G

CHnLO1 WS
CHMO1Ub
CHhLO1W?
CrNLOtud
CHALO14Y9
CHALO 150
CHHLO1SY
C=nlo1s2
CHNLO1S3
CHNLO1SY
CHALO1SS

ARRAY KRT INENTIFIES ThE LOCATIONS OF RIVER INPUT FOR QG TYPE END POIANTS

LRMa(

Lo~Mag

DO 330 KageKCM

1a I1C6¢x)y

Is 1aBs(l)

J3 JCG(K)

Ja JARg( )

ITQPaKcup

IF{XCX(K),EM,N) KCX(X)3ITOP
IF(KCY(X) ER,n) KCY(X)IITOR
IF(XKCxPIX) EG,0) XCXP(X)=alTOP
IF(XCYP (<) EQ.0) KCYPIK)YRITOP

KRI(K)=z 9

IF(IMROER, 0y G0 TO 480
LS=y

IFCICG(H).GT,N) GU TU &b60
KJBKEMN(LSeK)

139

CHALO1SS
CHALO1STY
CHMLO158
CHNLG 159
CHNLO180
CHALOYe !
CHNLDOT 62
CHALQ163
CHNLOt6Y
CHNLOY165
CHNLO1 K6
CHaLOte7

CHNL 0168
CHNLO169
CHNLO170
Crrlo171
CHNLOL TR



BUBROQUTINE Cranp

215

220

235

t240

255

200

268

74774 oPTER FIN 64420 08/22/77 16.51,00

IF(KJ LE,u) GO YO wéu CHNLDTT7Y
Lasa crey CraLoy7u
LR3y CHNLOYLTS
CO 650 Lazt,1vRn CHuLotTe
IF(LROI(L).EO.I.ANO.LQGJ(L).tC.JJ Lest CHALO1 77
450 CONTINUF . CHni Q178
KRI(®)alLRr CHANLOL 79
IF(LR,GT,A) | Ouz ms] CrALQ1RO
460 IF(JCG(X),GT,0) GO TQ 309 CHNLOT8Y
IF(LS.EN,2) G0 TO 309 CHhLO1 82
LS=e CHNL Q183
GO TU 419 CHNLOY 84
300 CONTINGE CHNLG1BS
IF{LRM,EQ,I¥RN) GO TU 48y CHnLOtRe

c
PRINT 479, LRM,THR0Q CHANLOLBY
470 FORMAT(( (/7 (R FEXNRKBRMARG] GRsExnsbass ONLY Lo T3y CHNL Ot a8
L CRavmEL END oOINTS g/ MATC~ THRECoI3e{ RIVER INPUT POSITIONS( CrnLg,189
2 ./(;"ﬁ‘,*q;t‘t&l#ttt’t;tt*&t;ttttt‘ﬁl‘#*‘t**t*tt*t**t*&**t!t(n/)CkNLclq“

C
480 CONTIiyE CHNL DTS
PRINT 5ugq CHnL Ot g2
549 FORMAT([ ) CHNLO193
D0 600 wztyxcH CHNLO164

PRINT 54, K'ch(KJ-KCY(K)vKCXP(*)sKCVQ(K)'KCBCK)oICG(K)yJCG(K) CHNLO195

IvKEN(l.K).KEN(;.K).KRI(K;

CHNLO1 96

550 FORMAT([ Kz[er3el “CX3 09130 ( <CYz (o131 KCXPa (o130 KCYP2[413, CHNLO197

LU XCRgt, 13, ¢( 1C6m (o ]30 ¢ JCG:(.Is.( KEML2 {913, KENZ=Z {113 CHNL Q1G4
21l KQrz¢,13) CunNL 0199
600 CONTINyE CHNLO200
PRINT 554, kcup CHNLQ201
S51 FORMEY (f [44/ 10Xe [XCHP=z [, 15,7/ CHnLo202
4
RETURN CHNLO203
510 PRINT 3a3 . CHNLD20U
$03 FCrat (] STOP BECAUSE CARDS w]Tw IDENT 3 B EXPECTED(e//) CHNLG20S
PRINT 504, IDENT CHNL 0206
504 FORMAT(Ty, [IDENTZ (s ]4) CHNLO207
§T0P CHNLO208
c
C ENTRY POINT 2 £NR £LO4 &ND HEIGHT CALCULATIONS 1w CHANNELS
¢ .
2600 507 3 gxnegt CHNLQ2G9
V0 2500 Kz{ekCu CHANLO0210
Iz ICG(K) CHnLO21Y
Iz lasscer) CHalLgag2
Js JCG(x) CHNL)21Y
Jz Tapgegy CHNLC214
FYSHU 2 SATE(UCIvJdIs0FURIX2(T s d)oxy(Tqd))) CHNMG21S
PUSHV g snra(v;(IvJ)»DFu*(va(I.JJ-vi(IvJJ)) CrnL 0216
HI 3 m(1,J) CHNLQ217
21 8 172¢1.9) CHnLo24R
HCI & we(x) CHLLO219

140



SUBRQUTINE Cranl

27s%

280

285

292

295

3p0

305

74774 oPT=22

Dl = Hiezy

CF= IFC(K)

CFe (FsDELT/10000.
KK B KCR{K)
rC83TuCX (k)

wC2aB3(wLS)

IF(al En,n,) GO TC 2250
L8 8 ¢

22 3 Iz2f14140)

M2 F R(Tet4])

D2 2 H2ez2

QY ' RCANIK)

QP 3 qCXP ()

GT 8 i1CT(Y)

GF 8 UCF(x)

PUT =2 PUgHU

PUC B PUSHY*WC
KasKCX(K)
2C8312C% ()
{CE=aRS5(72CS)
IF(kK,EQ,Nn) GO TO 2010
23C2 IZ2X(KK)
Z8C= 2RC/10,
COO0Tx ICONX(KK)
€Oal= ¢cDo1/1000.
COSI= ICO8X(KK)
CDSI= ¢chst/1000,
G2 TO 2a2n

o
CUs¥EXCUTER KFaBENTRY POINT (X AND Y CHANNFLS)

2019

4
2020

2neneé

¢
20205

¢00L = ¢eno
¢osl = ¢cor

mY R OHCUKA)

HAC 3 (HCIeWN) /2,0

DAC = KACWwZE

IF(DAC,GT, 0,0) GO Tu 202095

PRINT 20206 DaCy K
FORMAT( L DACE (oF7,201 &7 CHANNEL BLOCK{1Id,///)
GO TO 4oon

CEL = SNRT(GRAVXCAQ)
ALP3 C3sCe|

CALP =z 1, = ALP

mA 8 A PR4N ¢ CALP¥ (]
HE 8 CALP*mA & ALPHAC]
Ga 3 A PaON 4 CALOSSP
GR 3 CALP™QM + ALPHGP
LFs |

Lf=sg

141

FTN u,64u20

08/22/77 16451406

CrinLp22¢
CHNLO221
CHNL Q222
CHNLD223
CHNL G224
CHNL Q225
Crnio226
CrHNLQR27

CHNLD228
CHNL 0229
CHANL 0239
CHNL0231
CHNLO0232
CHNL 0233
CHNLO23U
CHNL 0235
CHNLQ236
CHNLO237
CHNLO233
CHNL 0239
CrhLO240
CHnLp2ul
CHNLg2u2
CHaL o243
CHNLO24d
CHNL 0245
CHNLO24b
CHNLO247

CHNL Q248
CrtL 0249

CHAL 0250
CHnLo25!
CHNLo252
CHNLO253

CHNLG254
CHnL025S
CHNLO2S6

CHaL o257
CHNLG25R
CHNLO259
CHNL 0240
CHulo2e!
CHNLO2s2
CHNLO263
CHNLO264d
CHNL G265




SUBROUTINE CHANL

338

340

345

350

355

365

370

2022

2021

74774 oPT=2 FIN 4.64420

0l = ny

GIl = nag

Ml = 31

M1l = wWaC

@I = ar

Nl 8 DELY wug

Wil 3 g

IF(XR,GT,0) GO TO 2022
IRaz|

GO TO 2021

ZRs2oC

IF(«C8,L 7,040 G0 TO 2021
IF(2Cs,67,0,) 73371
Lasy

IF(21,67,78) 28321
z81azp *

[
CHFEXRINNER RFaENTRY POINT (SIDES | aND 2 OF CHANNEL)

2025
2030
2040
2060

<
2070

[
2075

<

20A0
2041

2o8e
2083

2084
2085

c
2090
2100

c
2116

IF(HIT=28)2030,2030+2040
IF (Hlw78) 2060206012070
IF(HIeZR) 2075,2075+2080
GOUT 2 o,
60 TU 2190
OVERF{ 0w FROM REGION I TO REGION 1T
DHam]ezn
GO TQ 2090
OVERFLrw FROM REGION II TO REGION I
QN:Z;-H]I ’
GC TQ 209n
SUEMERGED BARRIERS
28 TO (208192082} LF
UTs slayw L v
s IIs(rIe=I1)/((wlswllynDELT)
GO TG (2110421270 LG
GO TO (2083.20R4)¢ LS
QOUTE (1+1eJ)
GO TU 2085
GOUT=z YileJeq)

08/22/77 16.51,08

CHNLO266
CHANLO267
CHNLG 208
CHNL 0269
CHNLD270
CHNLO27Y
CHNLD272
CHNLO273
CHNLO274
CHNL 0278
CHNLO276
CHNLO277
CHNLO2T78
CHNLO279
CHhLQ280
CHNLQ28Y

Crni 0282
CHNL 0283
CHNLO284
CHALO 285
CHNLD286

CHnL Q287
CHNL0288

ChnLo289
CHNLO290

CHNLO291
CHNLO292
CHNL 0293
CHNL 0294
CHNLO29S
CHNLO296
CHNLQ297
CHAL D298

Wt = J0IT ((H1-2.*HAC¢H2)tAC-(Hl-HACJ*(NCt'E)/DELX)/(?.‘DELT) CHAL 0299

n0R2 (gTeqouT) /2,
QT2 GayTeHdn
QOUTE gNyuTewpn

GO YO 21240

QOUT = CONTHDHASORT(GRAVXARS{DN))
Lo=LG
GO TO (2110021200000

CI @ Dac
tll = o2
KT = wae
rIl 2 v
Gl = nF

142

CHNL Q302

CHNLO0303
CHNLO304
CHNLO30S

CHALOTI
CHAMLC307
CHMLOT08
CHNLO309
CHNLOYLO



SURROUTINE CmaNL

398

410

429

2112

2111

T4/74 npTe2

wl & w(

“11% DELX

GT = gour

IF(Xa,67,n) GO TO 2142
Z8a2e

GO TJ 2114

2B 2AC

IF(wC8,LT,0,) GO TO 2tf1
IF(ZCS,LT,0.) Zz8=22
Las2

IF(22,67,258) 298 22
Z82228

GJ3 10 2n2%

CHx*22END OF INMER REENTHRY

c
2120

OO0

2130
2134

213%

214y

QF2QOUT

FTN de0eu20

08/22/77 16451406

CHNLO31Y
CHNLO312
CHANLO313
CHaLG31O
CHALD31S
CHALGL6
CHNLO317
CHNLO31B
CHNLO319
CHNLO320
CHALO321
CHALO322
CHML0323

CHNLO324

THE FOLLOWING TESTS CONSTRAIN THE CWANMEL OVERFLOW (QT AND/OR GF) SUCH
THAT (GFeOT) CANNOT PRODUCE &v IMPCSSIBLE CHANGE TN ~C IN ONE TIME STEF
(I&v =g SwOULND NOT FALL BELCA SILL NREPTH NUR RISE ABGVE THE mIGHER

QF Tre ApJOINING BLOCK H DUE TQ OVEQFLO~ ALONE),

IF(LGL,ER,Nn) GO TO 2190
IF(LF,EN,2) GO TO0 2100
IF((aFaGTY LFE,0.0) Bu T0 2140

NET UUTFLOxw RAQRIENRS JVERTO®RING

IMINaZRAY

IF(Zo2, L7, 2Ny ZM1N3ZRB2

GNET 2 (WACwZMIN)XwC/DELT
IF((UFanT) LE,GNET) GO TO 2199
IFC(4F2ENTY ,67,0,0) Gu TO 213y
QFS=ziF s«

QTSauTH+%p

BUMRANET/(QFS4QTS)

UFzAuNEaFs

QT:-E\JUtQYS

GO T9 2190

IF(QF,LT a,0) GN TC 2135
WFEINETenT

GO Ty 2194

Wl 2 e (ONETaGF)

GO T 2tan

NET INFLowe RARAIERS CVERTQPFING
mYAX T oMy

IF (r2 6T, ,nvAaY) BMAY 3 K2

UNET = (wMaYeHal)¥a(/DELT

IF ((GTegF),LE,anET) GO TO 219p
IF ((Qe%gT) ,6T,n,0) G0 TO 2152
GFS = nFsw

QTS 3 Tss

BUM 8 GNET/(0FS+LTS)

QF B «RHvEQFS

QT 3 9-xq78

143

CHNLOZ2S
CHNLO326
CHNLE 327

CHNLO328
CwNL 0329
CHAL 0330
CHNL 033
CHANL (332
CHNLO333
CrnL 0334
CHNL O3S
CrNLC33s
CCHNLCR3TY
CHAL 0338
CHNLE339
CHALO TGN
CmMNLO3u
CrnL 0342
CHNLO3W3

CHanLo3ad
CrnLO 0SS
CHANLO3us
CHNL O34T
CHANLO3UR
CHANLOTUS
CHALO350
CrnLe3st
CrNLO3S2
CHNL 0353



SUSRQUTINE CraNL

42s

440

448

480

2150
2154

21595

2169
2170

c
2178

2179

2180
4

2185

2189
c

o n

2190

22nc

YUyt LRV FIN 4,b60420

GO T0 219n

IF(3F 61, 0,0) 6C T0 2155
CT 3 ANET 4 gF

GO TQ 219n

GF 2 77 o GNET

GO TO 21an

GO Tu (217n02180)e LO
IF(OT,67,8,) B0 TC 2175

BARRIER | GVERTNPPING QUTWARUSe O0THER SIDE SURMERGED

GNET 2 (WaCezA|)8rC/DELT
IF((uFanry LE,ONET) GO TD 2190
G0 3 NFenup?

IF(Q0,57,n,) 60 5 0,

GO TG 2179

BARRIFR 4 GVERTOPPING IN#ARDS= OTWgR §DE SUBMERGED

UNET 2 fwtamaCysaC/oELT
IF((37enry LE,GNET) G0 TO 2190
G 2 QUFtenF

IF(QO.LT_0,1 0 8 0.

QY 3 59

GO Y0 2194

IF(3F,LT,0,) GO TO 2185

BARRIER 2 CGVERTAPPI4G QUTAARLS OTHER SIDE SURMERGED

QNET 2 (WMACWZRO)FAC/UELT
IF(tGFenTy ,LE,r ET) 60 TOQ 2190
GO 3 QrET4gT .
IF(GC.LT,n,) 90 = ¢,

GO TO 21R0

BARRIER 2 CVEQTNPPING IMNwaRDSw GTHER SICE SUBMERGED

GNET 3 (w2emaCy®aC/NELT
IF((uTenFy ,LE,QVET) GO 10 2190

G0 3 QTenuET

1F(QU,6T,8,) 00 3 0,

QF = no

EnD OF 40JUSTHENT OF QT AMD/UR GF
CONTINGE

CHANNEL COMPUTATIONS

A8 3 ucacF|

GAMZ 1, 08CFagGPT((ON 3240P812)/2,) /(uCHDACHSS)
A0G 2 a4/ 64w

BOGY & CELA(DF L TX(GTo0F) « “CeRATL)
BPE(GAvAASIASP P« REOANM) sHaAM

BLB (Rt aabE4PICeRO0M) /GaN

GE TU (22n042300) LS

UCT(X) = T
CCFI{KY & nF
UlI*te )y 2 9f
QCxP(xy ¢ gp
QCxN(Kk) g RY
A0GX({¥) 2 a0f

144
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CHNL 0354
CHNL035S
CHALO3SE
CHNL 0157
CHNL O35S
CHNL Q359
CHNLO3n0
CHNL 036

CHALO3s2
CHNL 0363
CHNLO36Y
CHNL 0365
CHNLO3b6

CHNLO367
CHNLO 368
CHNL 069
CHNLOT70
CHNLO3T7Y
CHNL 0372
CHNLD3T73

CHALO374
CHNL037S
CHNL 0376
CHNL 0377
CHNLO378

CHNLC379
CHNLO3BD
CHhLO38Y
CHNLOZR2
CHNL 0383

CHNLO384

CHNL 0385
CHNLO3ARA
CHMLO3ART
CHNL 03RS
CHANLO 339
ChHuL 0390
CHNLD391

CHNLD392
CHANLD393
CHNLO39u
CHNLO 395
CHMNLOT96
CHNL 0397



SURRQUTINE Crani

495

508

510

825

2250

Tas7s nPisg

TR TIARES]
«C2a38¢vCq)
IfF(«C.E0,0,) GO TC 2500

LS = 2

22 = T7201.J%1)
2 3 M(T,J41)
02 = r2a72

Q. = NCYNCEK)
R = aCcypex)
GT =2 vCr(x)

QF 3 yCF(x)

FUT 3 pugmy
PUC 3 Plisky®wC

.nd 3 KLY (K)

CaxsEs
C
2360 .

2500

2CS21Zev ()
1C==485(7C8)
IF(K,E0,n) GO O 2010
28Ca 1zv(xk)

13Ca 2nCyv9,

CO0I= fCn0YExK)

COUT= ¢hoT/stana,
COSI= 1rnsyY(xK)

C0S8I= ¢nsT/tnng,

GO TU 2024

E~D OF QUTER ReefNTRY

VET(x) a af
VCF (X} = AF
ViIedeyy 2 QF
GCYP(K) zap
GCYM{K) gAa}
AGGY(K) 3 4A0G
CONTINUFE

DO 2708 xmf{exCw
I8 JCG(v)

Iz laRs(])

Je JCG(X)

Ju I1aBS( ]
WXE IwCX(K)
kX2 ABSF(+X)
w¥Z JulY(K)
“¥8 ABSF(«v)
KX & KCYXPfy)
KY 8 XCvpix)
B4 2 nexpex)
BB 2 NCYR(X)
AGa =5 AnGY(K)
AGE 2 Angy (%)
ACEICX(ax)
AGCEANGX (v )
BOZACYL(RY)
AGOHBENGY (wY)

145
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CHAL Q398
CHAL 0399
CrNLOUQD
CHALYunt
Crnlguo2
Cralcuod
CHF.LOU.‘_\U
CrnLoudcs
CHALOWOb
CHuLpue?
CHnLCdp8
CHELGWNS
CHALQULO
CHaLgutt
CrHnpod12
CHnLOGLS
CHnLoutd
CHNLGuLS
CHALQUTS
CrhLouy?
CHMLOUYS
CHNLCUL9
CHNLDa20
CHAL042]

CnhLnug?
Cwnleu2l
CrnLougy
CrihLou2s
CHMLCURE
CHNLpu27?
CHALQuZ®

CrHNLQUR9
CHALGU3N
CrRnLQUdY
Cralpu3?
CHNLGU3T
CHALGURY
CHELQuls
CHNLGu e
CHNLOO3T
CHNou3s
CHNL QU39
CHALGuWN
CHanbouyt
CHNL0Gu2
Crninusl
ChNLQdouu
CHALCUUS
Curlcuue
Cwtlguu?




SURRCGUTINE CmanL

535

8490

84S

5590

560

579

580

noy

o

2600
2605

2630

2640

2650

26hy

2670

2680

2699

c
26995

VAL [ AE P

ACM 8 (RAsRRaRCeBD)/(AGA+AGR+AGC+AGN)
QAsRAeAGARNCY

(B3BtaesfRapCH

GCXN{KYX) 8 BCHAGCERMLM

GCYN(KY) 8 Rp+aAGDERCH

ME(K)a weu

IF(ICG(«) ,LT,ny GO TO 2600

G0 T0 2695

BOUNDARY CONDITIONS FOR Q END POINTS
Ly -
KEYZRENCL oK)

FTN 4,0%L20

GO Y0(2650,269002630126U00265012060,267042030)0¢ KEY

Ga=qCXP(K)
GO TU 2699 -
GBa0CYP ()
GO YO 2694

08/22/77 1heS1406

CHnNLQUUs
CHANL Quu9
CHnLousn
Crntoust
CHNLOuUSE
CHNLGUSS
CHALGuSe
CHALOUSS

CHANLOGSE
Crnious?
CHALOuUSS
CHMLGUSS
CHELouen
Crnioupt
CrnLouds2

THE FOLLOWING ASSUMES G20 AT END IF NO DISCHARGE NaTaA EXISTS

B4BQCXtFK)

KSEKCX (x)

KTaK] (w)

QCXN(X)y=z n,

IF(XT,6T,0) GEXMN(K)E HRO(XT)
RE(XS)2QRCxN(K)mBA&) /ADGX(K)
GO TO 269n

BASOCY (K

KSarKCY(K)

rTadn] Ky

QLyn(x)e

IF(KT,GT,0) QCYN(K)= HRO(XT)
HE(XS) R {QCYN(K)wBA) /AOGY (K)
G2 YO 2aga

BAaAC AP (x)

KTEKR!(K)

Qas ¢,

IF(XT 6T, ,0) QAaz ==RO(XT)
HC{X)2(RAaDA) /ANGX(X)

GO T 2695

B43QCyprxy

KTaKRY(x)

082 ¢,

IF(KT,GT,0) QA= =HRO(KT)
HC(K)2(RAeQB) /ANGY(K)

IF(JC6(X),6T,0) GO TC 24699
IF0L,E3,2) GO T0 2695

L=2

G Ty 2eng

wWOXP{xyzns
GCYP(X)s(e

146

CrnLoded
CHNnLQueu
CHNL0dBS
CHNLoubs
CHNL GupT?
CHNL Q4R
CHNLOULY
CHNLQUTO
CHNL 0u7y
CHNLOUT2
CrMLouT3
CHNLOQUT
CHuLLQuTS
CrrLou7e
CHNLQuTY
Crninu7d
CHNLOUTS
CHulpuan
CraLouLRy
CHnLouaz
CrNLQUB3
Cralonas
CHNLGURS
CrnLQuge
CHNLOQUART

CHnNLGuBS
CHNL 0489
CHNLOGGN
CHNLOUGY

CHANLGUQR
Cral 069l



SUBRCUTINE Cmani

90

898

605

810 |

C

4 .
C ENTRY POIMT 3 FOR WEIGHT CALCULATIUNS ON BLOCKS wITH CHANNELS

T4/74 oPT=2 FTN 4,64420

2700 CONTINUE

¢
3600

(s XaRaNa¥al

305¢

3100
3145

3110

3418

RE T,

00 3050 x=z1eklw

Iz ICG(w)

Is Tansepy

Je JCG (W)

J2 laRge gy .
IF(T4EQ.IM,0R,0,ER.J%) GO TO 3050
Iz12(1, !

*{Iedyangel)

IF(JER,1) 6O O 3450
U7=UCY(V)

VT2YCT (W)

w3 JweX (k)

wXB ABSF(wX)

WYZE 1uCVY(K)

wY3 ARSF(aY)

IF(wx,en,0,) nysUllelsd)
IF(RY EN a,) VT2V (leds])
SETUPSOELT® ((U(TeJ)=UT) /(DELXauX) s (V(Tod)ayT) /(DELX=Y))
HlTed)ewo(K)eSETUP+ AN
IF(=(1,J).LE,7) R(1ed)aZ
FP(K)a W(Teld)

D0 3500 xsiekCMm

Is I1CG(wy

I3 Iasseyy

42 JLG()

Ja laagcyy

2z 1101, 0

IF(IgG(x). . LT,n) GO Tu 3100
GO T0 3%0n

BOUNDAFY £ONDTITTIONS FOR m gND POIMTS

08/722/77 16451406

CHALO49Y

CRrLoues

CHALCuUS?
CHALQUSGS
CHrLou99
CrhL 0809
cnLosol
CrNnL S0 2
CHALOSO3
CHnE0S0d
CHnL0oSes
CHLL0S06
CraL0507
CHhL0oS08
CHhL0SQ9
ChNLOSED
CHNL ST
CHaL 0812
CHALDSL
CrNLOST4
CHNLOSLS
CHANLGST e

CHALCStT
CHhL 0S8

IN TrESE caALCULATIONS HC EGUALS Tmg # CF Trp aADJOINING waTER |L0CX
HC AND N ARE SGLVED FROM SIMULTANEQUS EGUATIONS wHICw ALLOA FOR THE
VOLUME Trar8PNRT TO OR FRO~ Twg g43Jd0INInG 41,0C% VIA CHANNEL FLOw Q

L=l

TCFa2,sCy

KEYBXENI[ oK)

GC TU (3110631209 3132,5140,3300,3300,330043300)s XEY
KS3HCX(K)

BA“agCxM{K)

1F(J.EQ.1) GO TN 3115

MAMZHI T s Ja{)aQCXn{RkS) /TCF
DIve| ,geangy () /TCF

GCXN(X g (RAMLAOGA(KYEHAMY) FOTY
HC(XS)zthanapany/TLF)/DLY

TG0 TO 3114

HC(KS)YarG D)

147

CHNLOSL9
CHnL(GT20
CHALGS21
%522
CrnLCBa3
CHNLQS24
CHNLAS2S
CHNLOS28
CHNLeRR2T
CHaLns28
CHALES29
CHNLER3N
CHNLOS3



SURRQUTINE Cwmani

648

659

655

660

665

680

31te

3120

3128

3128

3130

3132

3140

3142

3ius

31us

Yads74 rPT22

QEXN(KYzRA%s 405X (<) *RC(KS)
GO TC 338
r{ledmi1anCixs)
ACAN(KSYENC X ()

GO TU 33gn

RSER{Y (K

BavasCvr(x)

IF(I.EQ 1Y GO TN 3123
HAZER(TayyJYaQeY i (K8)/TCF
DIvel,peangyixy/TCF

GCYN(® )z (RAMsAQGY () ®MAM) /DTy
MC{XS)z(wauaRav/TCFY /DIy
GO TG 3124

HC(RS)eHGr )

QCYN(KyzRAave a0GY(K)XNC(KS)
GO T3 33n8Q
MlleledYeuCctxs)
GEYN(KSY=ACYH ()

GO TO 330n

K§3KLXP (k)

BAMzUCxP(K)

VeRz0,5/¢00

IF(XS,6T,¥Cx) N TO 3132
«Ca Tugv(xs)

wC38 ARSF(w()
VARECI4A B/ ENF  X=+C)
HArIfloJe{)eRCXP(XG)®VvaR
DIVal 0eyvansatax(<)
QCXP(Kyz(RaMauaB8064(<)) /0]
RC(K)3 (RaAvKVARe=AY)fuly
reledeqyawC(K)y

HP (L8 zmp (%)
GCXP(KS)zACKR(x)

GO T3 339a

KEEXLYP (K

BAvZLLYP ()

IF(T.E7.1%) 60 TO 3ju5
VaRzJ . 5/Cu

IF(X8,5T,«C™) 6N T 3142
w(x Lagcx(x)

wC3 aRS§F(.C)
VARIC3#n S/ (NEX=wC)

HAMIr (e e ))4NCYP(KS)® VAR
DIvel.nsvansaogv(X)
QCYP(K)a(RA amaMXa0GY(K))/DTY
HC(4)a(RaMavAR,=AY) /DTy

GO TO 3148

HIOO) zun Ty
GCYP(K)=z3svalngy(K)srC(K)
GO YO 33Ap

IS S NI NS
MP(K3)aHEIK)
GCYP(x8Y=zaCYP(x)

148

FIN 4o64420

08722777 16451406

CHNLOS32
CHNLES33
CHNLOS 30
CHALOS 35
CHNLOS3S
CHALOS3T?
CHNLES38
CHALAS3S
CHNLOBLE
CHNLASu1
CHNLCSG?
CHNL(CS63
C=t10Suu
CHhiLeSus
CHMLOBue
CHMLCSLT
CrALOSWA
CHul 0549
CHNLOBSO
CrHNLE8SY
CHNLOSS2
CHALOBSY
ChRaL0SSY
CrNL05SS
CHNLDSSS
CHNLESST?
CruLos52
CHMLD589
CHNLOS 6D
CrnNL0Sal
CHNL0Se2
CHAL0Se3
CHAL (SR
CHNLOSRS
CHNLCSED
CHNLNSe?
CHNLOSHA
CHMLOS69
CHNL 0BT
CraLES71
CraLCST72
CHNLGRTY
CHANLEST7U
CHALAST75S
CHNLOS TS
C=nL 0577
CHNLGSTA
CHNLOS 70
Coel 0889
CrnLos8Y
CrhLGSR2
CNL0Sad
Crnics8d



SUBROUTINE Cranl

690

700

718

720

740

Justu . oTaE2 FTN 4,64420

c
3300 IF(JCG(x},67,4) GO TU 3500

¢
[

4

c

€
9

08/22/77 16451,06

CHNL QSRS

IF(LeEG,2) 60 tn 3500 CHAL DB RS

Ls2 CHALGSRT

GO T0 31ns CmALCSBE

3500 CONTINGE CHAL OS89

HETURN CHaL 2590
ENTAY POINT 4 FOR (157 OF CWANNEL QUTPUT

4020 [H0URsNTIME/uF CHNL 0891

4010 FORMAT(yny) CHAL 0S92

PRINT wnan, Impnke WTIME ChALES93

4020 FORMAT({axs {CHaN~EL OUTOUT FOQ WOULRI (el304QXe INTIMER {4 1S,// CHnl¢594

1 20Xy ralL W vaALyUES IN FEET, aLL @ yaLUES IN CFStery) CHNLES9S

PRINT 403n CHNLOS9b

4030 FCR“AT(7x,[K(.7x.CI!.7x.(J(obx,tHx(.Sx-(dx~t.sxzax¢t.ex.tﬂvt CHALESOT

LeBXs [OYN[eBXy [GYP (56Xs [MC{o5Xs (IXT [eSXo (GXF[ oS5Xo QYT (aBXe [QYF [o/ICHALCSYA

182 | CHNL G899

182 ICo(1y CHNnL0690

182 Jams(18) CHNLOGBOL

PELENIAASS! CHNLGhO2

J§s 1488¢JS8) CHANLOBOD

D0 4100 wElexlm CHNLDKAY

KXBKCX(K) CHALOKGS

KYZXLY (x) CHALOBKOG

GXTEUCTIK)¥NEL X Craloan?

QXF2UCF k12 ELX CHNL0h08

GYTavETERI*DEL X CH%LGH09

QYF2VEF(x)BDELX CHNLOBEN

11z 1CG(x) CHNLOBL Y

172 148S¢1T) CrHNLDbL2

JT3 JCG(k) CHnL0613

JTs laps(rT) CrnLObL Y

IFCCITaTg a2, En 1 JANDLIT (EQaJS) GO TO 4200 CHNLOBIS

IF((JTols o2, F0, 1, AND,IT,ERLIS) GO TO w200 CHML 0616

PRINT 4050, IR CHANLOBLT

192 ][04y CHNLOK1 8

4200 I18= I7 CHNLOB19

Jss Jv Crralea2o

PRIMT G0uny KeTCGIKIaJCG(K) eME(KX) oRCXN{R) 1QCXP(K) N (KY) o CHnLgat

1 GCYN{K)onCYPLK) sMC(K) 1 GXT CGXF VY VQYF CHaLOR22

4040 FOR”AT(KIA.F8.3-2FS.O'FS.S-?PE.O-FG.souFS.G) CHML D623

4050 FORMAT( 1 e/ &xy [CHaNNEL REACH[1134/) CHNLOb2HY

4100 SonTINUE CHNLDE2S

VOLUME CcOoMPUTATION
3900 volL=0, CRNLGCHR6
Coalbixssp CHALOB2T

149



SURROUTINE Crani

750

760

170

778

780

5100
S290

5300

5400
5500

$600

5700

TUsTY TS FTN Uob0u20

JLz Jap

IF(JeR,67,J30) JL=2JSR

JL3 JL+t

00 5500 Isjefum

00 Sung J=JLeJmv

1312(1, 1)

Hldam(1,0y

IF(Z461,0) n1Janltey

IF(4CM EQ,0) GO TC 5200

00 5100 xafexCm

ICs ICGtx)y

JCz JCotxy

1F(1A3S(1€),EQ,T1,a80,14BSCJCIEQ,J) GO TO S30a
CONTINGE

YOLSVALeMTJ8Cs

GO TO Sugn

“XZInlY ()

wXE ABSE (ux)

w¥s INCV(V)

“Y3 A3SF(av)

KXTHCX LK)

KYZKCY(K)

YOLZVOL ST IR (NELX = X)¥(DELXmaY)d( (HE(K)PHEIKX) ) EaXs
1 (MK 4 RE(KY) Y RaY)BCELN/2 MO (K ) huyhny
CONTINUFR

CONTINUE

YOL® Vol /1000000,

JL3 JLwy

PRINT S600e VAL, JL

FORMAT(L ty// (7% [VULUME OF “ATER ABOVE MS_ 3(e F12,1s
0 MILLTONS OF CU FY[e/ 10Xo [(THE SFAaRD Rpoe§ THRY J=z [s
2 U ARE EXCLUDFD)Y (9/7)

PRINT unyg

IF(N, ER, 4) RETULRN

PRINT 5700

FORMAT(t (y//t PROSLE® TERMINATED RECAUSE A CHALNEL Wa§
teiir )

STQOR

END

150
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13,

GONE

CHnL 0628
Crstcee9
CrAL063D
CHAL263Y
[ IRT% ¥4
CHiLO0833
CHaL 0534
CrALOB3S
CrnLoeds
CHNLCR3T
CHAL 838
CHVLCH3Y
CHNL OB WO
CHNLOAUY
CHALOBUR
CHNLOBUl
CHNL Db 4U
CHNLOB4S
CHNLCouA
CHNLORGT
CHaLoou3d
CHrLGRYS
CrtL 0550
CraL065t
CHALOBS2
CrnL0AS]
CH\LC#,SL;
CHNLO658
CHALGESA
CHAL 0BG T
[T L]
CHALOAS9
CHNLOBSY

CHULCAB!
CHNL G~ 2
DAY (CHrLoacd
CHYLObed
CHNL OS5

CHNL 0B 6S



10

1S

20

25

35

3s

40

45

[aXaNa¥eNal

1600

13

130

I XVAD cetsg T 4,pedl0

SUBRUUTINE SAVEC(JIN) SAvEQOQOY
COMMON/R Kp/ TZ(2B22UdeU(2Bs20) eV 22v20)e™IpB.20) ¢NTIME SEVECNQU
COMMON/RLKT/ NMgMMIN e MMAX I NFUS INFLD e IMedP oo aX [ MAX W BELXCELT SAVE(QDGS
1eC00 KR T e JOUTIXI oL e X IToLJdoJBL s JBRaRMMpy “n BF LONST o § SLvEQNDe
2o IFRUs JMRO KR TSTReINDONOw K IMyNORT ¢ »TIE e InT I E e NORIND s GRAY SAVEDNQY
TyKCMP DF Y INTER SAvEQOQDR
COMMON/RLKS/ IcG(l}O)vJCG(i}O).IwcxrllO)vI*tV(JSD).IZCX(lSO) SAVEQ0O09

1elZCY(130y¢RCXP (N30 esQUXNTI30) s0CYPLIBC)eREY TI30)yHCEL130) o HP{I130)SAVEQN]D
2eKCHakCX(130)axCY(I30)eKCBII30)sUCTCI30)eUCF{130)KRI(130)¢IBON SAaVEQNY1

BeKEN(24130)oVCT(I30)eVCF(330)vA0GX(130)0ABGYI130) ¢KCXP(130) SAvEQDIR
GeKCYP (130 KLB(BU) o XKLMyIFC(130)eFC SAvECOIY
COMMON/RLKE/ =EC9¢T2)e GS(6472)s TIME(TR) SAVEQNi Y
COMMON/A| KG/ Kol ZonUMROWCL o029 C3 0 IumeduvanTan o NEXT]ITiKCoIFIRSTSAVEQNYS
LeJrINDeNEw] o XNOWONEWD o XNORTy ClUeRaAINga v JKyKIK SavECOLS

COMMON/RLN 1D/ NGAGEWNFLONIIGAGE($2) 2 JGABECL2) o XFLOW(E) s XMINoXMAY SAVEQOQYY

T=1S ROUTINE SAVES wATER LEVELS AND FLC» RATES AT CEPTAIN
KEY POINTS AS SPECIFIED IN INPUT 8Y USER, ¥wf TIME SECUENCES OF
THESE QUANTITIES ARE CUTPUTED BY TWE TwIRD PART OF THKIS ROUTINE,

GO TO(100M:2000¢3000)¢ JIN SAVEDDIS8
READ 135, (IGAGE(K) v JGAGE(K) o kx{ o NGAGE) SAVEDOBI9
FORMAT(2014) . SAVENO020
PRINT %% SevEpC2l
FORMAT (1 ty/3%, [MYDRUGRAPH GAGE . LOCATIONS ) SavEpoR2
DO 100 K=ioNGAGE SAVEQDR3
1z 1GAGE(K) SAVEQN24
Je JGAGE (k) SAVEDORS
IF(JeNE,0Y GO TN 10S SAVEQO26
PRINT 130 4 Kol SAVEQO27
FORMAT (Sx, {GAGE e ]3e [ CHANNEL Me xx[ela) SAVE(Qn28
GO TO jap SevENn2s9
PRINT 137 Kyl4d SAvVEGN3D
FORMAT (Syq [GAGE LeI3e [ BLOCK Mo  J2[eI340 JE(s13) SAVEDO3Y
CONTINUE SavEpose
PRINT 138 SAVEQOLY
FORMAT (! ty/3%, IxEY FLOW LOCATIONS{Y SAVEQO3Y
RE&D 135, (xFLOA(KY s KSLaNFLONY SEVEDD3S
PRIMT 139, (KFLOW(%)e KzslonFLQW) SEVEQN3G
FORMAT (Bxq [CHANNEL BLCLKS{p10l4y/) SAVE(GNYY
RETURN SAVEDO1A
Te NTIMEaTANTIME SAVENNHZ9
rINTE INTFR SAvEQRU0
NET/MINT & SLvECOUL
TT8 NTIME SevECOU2
TI“E{(N)s TT*DF(T/3600 SevEgous
D0 200 %=y 4NGAGE SAVEGOUU
I21GAGF (K SAVEQOUS
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SUBROUTINE SavE

5%

60

65S

70

75

80

85

©0

95

160

15

199
200

208
21v

220
230

240
300

9
3000

[aXal

310

400 FOR™MAT(20¥e [nATFR LEVEL WMYDOLGRAPHS (FT) AND KEY FLOwS

410

220

425
LY

18¢
7

2n.

T4/74 ALY

JaJGaGE (x)

IF (1,6T,xCM) 6N TO 199
mS(KyNYs wC(T)

IF(JaNE Q) mStxerdz H(14Jd)
CONTINYF

00 300 JztoNFLO
KSKFLOWEgY)

KEYS KEN(1,K)

1F(KEY ,NEL0) Gp T0 205
XKEya 2

TECIwCX(K) o %FE,0) KEYS |
GO T0(210¢2200230+2409210622042304240)¢ XEY
GS(JeNyz ACUNIX) /1000,
GO TO 3n9¢

A8(JeMyz aCYNIX)I /1000,
GO T0 339

Q8 (Jen)z ACXP(X1/1000,
GO T0 309

AS{JeNnyz nNCYP(N) /1000,
CONTINUE

NUz7¢2

IF(NoFQ,72) GO 70O 310
RETURN

NU o= (N“-}’NTINE)/INT&R
IF(NULEN,Nn) RETURN
PRINT uanap

1 ¢/7) .
PRINT 4104 (JoJ2laNGAGEY Y (KiKa] ,NFLGa)
FORMAT (2x6 [HQURIsI6+1518)

DC 500 mMatony

PRINT 4200 TIrpen)y (RSCJex)0Ja1onGaGE) Y (G8 (X o) gx2] s NFLOW)

FORMAT(Fp,1015FR,2)

FURMAT(Fa,1412FR,2)
CraTlryF
DO S16 Mz1gny

FORMAT(Fg,1010F2,2)
CANTINUFE

FELNT g0

FORMAT (1my)

TF(NULED,72) InNTIMEsNTIME
RETURM

END

SUBRUUTINE CONTTNIL)

COMMTN/RL KL /aC8P2) /RLK2/B(1901) /BLKI/C(U2)/RLKL/D(2585)/
1BLAS/E(2789) /RLKO/F(2B00)/BLAT/GUU)/BLRS/M(ZS)/RLKIO/P(34d)

CN TG (105:200) 0L
CL-TINGE

BUR* AT(P086)
RETURN

COHTInyF
KETiimy

EN(
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SAVFGOuG
SAVEQNGT
S4vEQQLS
SAVEGQW9
SAVEGaSY

SAVE(QGS]
SavEQns2
§ayEgass
SAVECASU
SavEQESS
S4vEQGSS
SAVEQLSY
SAVE(G258
SAVE(GNS9
SAVEQoel
SAvEGOsY
SAvEQOe2
S4vEQ%e63
SAVEQALY
84VE0N0ES
SAVEQNES
SAVEQNsT
SAVEQNsR

3AVEGNRS

84vEGQT70

. SAVEQHTH

(1000 CF8) (SavECn72
SAYEQNT73
SavEQaTY
S&vENNTS
SAVEGNTE
SAVEGQ0T77
SAvVEGn7a
SAVEQDSD
SavEeast
SaveEcng2
SAVEGQRL
SAVEGORS
SAVEQN8SE
SAvEQORT
SAVEGORS
SAVEQQ89

$AVECO90

COonTOODY

CoNTEA0R
COrTQAG3S

CCrToa04d

COrTanns
CONTGOLT

CinTgoo0s

ConTROLD



SUSROUTINE PLOT 74/7u nplag FIN 4e644R20 08/22/77 10.51,06

H C
c
€
9
5 SUBROUTINE PLOT PLCTO0O0CS
c
c PROGRAM TR OLNT CHAMNNELS AND BARRIEDS
[
COMMON/RLKL/ TREIG0)eJECI00)¢TZX(100)vIZY(1A0)¢TCNOX(100) PLCTEALN
10 Lo ICDOY(100)vICHSXCL00)ICDSY(1G0)+LROT(B)LRUI(R)NIST(24) PLOTOOLS
29CHST(30)yRN(R,IO)1HGR(B)aXR(Byb) ¥YP(By6) ¢HRR(E) PLLYAN20
COMMUN/RL K2/ 172€23920)0U(28420)sv(2Re20)1R(28,20) nTIME PLOTOARS
COMMON/RILKS/ ICG(I30)vdCG0I30) v Talur130)elnry(130),120%¢130) PLCTaRRD
1»IZCY(1307~ncXp(130)vCCxw(IXU)vGCVP(13G)-GCVV(ISC).HCKISOEv*°(13O)PLUTﬁCSS
15 2o KCMyREX(130)ewCYLI30)RCR(L30) v LTTI13C)I 4 UCFE130)exPT(130) 130" PLETrALY
3KEN(24130)0vCTCL30)1vCF(130)¢an0GX(13N)A06Y(130)¢CxP(13N) PLLTL0LS
By KCYFOII0) oM RESO) exL™ PLOTCOSO
COMMBL/RLUIA, «GAGE v vFLOATIGAGEC12) (JGAGE(ID) yKFLOA o) s ¥MTA X AY “AIN(](D
DIMENSION NUVMBER(IO) 1PaGE(114y135)
20 LOGICAL XxPaRP YRARRIK I ELNK yNUMEEQen uEWPAGE syLINE M| INE PLUS,PERTICD
19BLANK
DATA Bl AN/ t/eX/{X{/3R Nk/ 1 [0 tUvsE/7 (0 Lo {1 La {203 e (Lle(ST,
16 Lo [Ty (RIe I/ 9ONE/ LI L/ VLIME/ (1 (/emLINE/ [ 1/4PLUS/ [+ [/ePERTIODY
2lef/
25 [
c
D0 100 T21,15390
PAGE(I.t)shlaNK
100 CONTINGE
30 C
¢
00 101 Tampitu,n PLCTO1AS
PAGE(T,3) = PERTUD PLGTOY1N
PAGE(I.13¢) z pERION PLLUTGILS
is 00 101 Jxo,135,7 PLOTC120
101 PAGE(TI,J) = PFRTUD PLOTG12S
o
[ DRAM ThE BaPRTERS
c
wo DO 800 wpzfexCr PLOTO L3N
K & KCuafax? PLOTC135S
I 8 JABS(ICG(KyI*dal PLUTGCLGN
J & JARS(JICG(KY) #Tmu PLLTO14S
lé 3 Tey PLOTC1S0
45 JU = Jep PLLTQ 1S5
IF ( XCR(¥) ,EG, 0 ) GO TQ &ng PLOTGE AN
c
[ TEST FOR AsRRTER TN & DIRECTION, V¥ RIRECTION, 0OR 2pTw
c
50 KB a8 KCR(K) PLOTYLES
1l = IatxR) PLGTOLTD
JJ = Jrtke) PLOTOY 7S
121 = J2(11egJ)yxt" FLOTO1E80
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SURARQUTINE RPLOT

55

50

[}

70

75

80

85

90

953

{00

[a N 2] (s Xalel «

laNel

[a N el

(e N s ol

[a el

on

202

230

204

250

209

24}
206

240

207
800

4774 0oTE2 FIN Uobed20

122 = 172(71e1eg0)%120
126 2 17xfxR)

XBARK = _TRUuk,

IF € 178 .80, 121 LGR, 172 .£G6, 17z )
IZe = 1201140041020
1286 8 17v(«8)

YBARR 3 ,TRUE,

IF ( 128 LE0, 171 LOR,

XBaRe 3 _FA|SE,

123 .EQ, 122 )
GO Yo 25¢

Ybak® 3 ,FALSE,
IF ¢ .NOT, XRAR® )
X BARRTEPS

IF € TwEX(X) JLTe -0 )
IF ( 12Cxe¢x) L E. O )

GJ 10 230
GO T 231

OUTER RARBIER

D0 202 Lz=yet0
PAGE(TeuqJelely 3 x
G0 T0 2%

IVNER BARPIER

DO 20% L=z1410
PAGE(Te2,JsLa3) 3 «
GQ Y0 259

BOTH HARLTERS
DO 204 [=21,10
PAGE(Tsu,0elad)
PAGE(142,J4L=3)

» U
> m

Y BaARRIgeS

IF 0 .91, YRaRD ) GO T2 any
IF ( leCyr«) LTe 0 ) GG T7 249
IF € 12Cv(%) LE. 0 ) GG 12 2ul

OUTER RARRIER

DO 205 Lz1.s
PAGE(T+Lepylery 5 X
GO TU ang

INNER garmlER

DO 208 Lsty&
PAGE(T+lansJeuy = X
GO TO 809

BOTH BaRRyExg
0O 207 L=zt,%
PAGE(T4L w20 ]y
PAGE(ToLmpy teay
CONTINnYF
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PLOTQ18S
PLGTQ199
PLOTO19S
PLCT2209
PLCTO0205
PLOTOR210
PLCTO218
PLATG220

PLOTC225

PLOT0239
PLOT(235

PLOToRu8
PLCTQ245
PLOT0250

PLOT(259
PLOTC260
PLOTO268

PLOTC270
PLOTC27S
PLOTC2&N

PLGT)2RS
PLETG290
PLGTCR29S

PLOTC3a0
PLOTO30S
PLOTO3LO

PLOTHTLS
PLCTO32Y
PLCTG325

#L0T0330
PLOTOY3S
PLOTQILO
PLOTC34S



SUBRDUTIAF PLOT

120

135

140

148§

155

160

165

[eNeXy) [z Xalsl

(g XaXel

O

T6/%0 pPize

LAND BARRIERS
DO 80U Kz|KLM
TESY FDR AARRIER IN X CDIRECT

KB 2 KLB(K)

IT = IR(KR)

JJ = JB(KR)

1 & JABS(I]Y#tam}

J 2 JABS(JI)IRT=u

171 = 12(114JJ)840
172 5 17(11+1.30)%10
IZ8 = I7x(XR)

XBARK = ,TRUE,

IF € 12ZR EG, 17! OR, 18
122 2 12(71+J0¢1)%10
128 = 12vrKR)

YBARK g | TRUE,

1F { 12B LEB,T21 LOR, 1I8
X BAKRIER
IF ¢ ,NOT, XBARR ) GO YO0 22

DC 208 Lzte?
208 PEGE(T+2,4L=3) ® X

Y BARRIER

226 IF € +nOT, YBARR )
CO 209 Lx145

209 PAGE(TeloeloJdedy B X

§04 CONTINUE

DRAW CHANNELS

251 DO 802 wemy KCM
I 3 JABS(TCH(K)I*de]
J B ILBE(JICGIKY)*TL
14 2 143
JU B Jep
IF ( leuCxexy
DO 200 Lety?
2n0 PAGE(TueJeLet) 3 MLINE

JENs 0 ) GO TO

IF ( xCx(x) ,6T, XCM )  PAGE
300 IF ( IwCYC(K) LEN, O ) GO TO
DO 204 Lst143
PAGE(T+LmtyJe5) & BLNK
PAGE(T+Let1yJe7) & HLNK
201 PAGE(TeLetyJu) & VLINE
IF  weY(w) .67, KC™ ) PAGE

301 PLGE(TueJu) = PLUS
802 CONTINUF

»RITE QUY Tw=f PAGE

PRITE (oSN LI e IZ 019) o ((PAGE(U¥km) o) 1330 13U)eK (PAGELU*K
W) 34130)0T2142) K e2R)

§ OESs13uy . (FPLGE(usne]
501 FORMAT (tytafReTua3x)olde/ !

FIn w0420

JONe ¥ DIRECTIUNY OR B3Tw

JEG. 122 ) XBLRR & LFALSE.

YBarr = ,F2LSE,

EGe T22)

0

Go Tp 804

300

(Tusg) = PLUS
304

(TeJu) s PLUS

e leSXa 17 Claleby)olalodXelalo/e2BC1Xy

I 132810/t ¥eT2e1308 07020 X0 3281073000000

RETURN
END
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PLCT03SS
FLOT0360
FLCYO36S
PLUT0370
PLCTO37S
PLLT0OY80
PLOTCIRS
PLOTG1Q0
PLOT03SS
FLOTOUOO
PLOTOUOS
FLCTouy0
PLCTOW1S
PLCYGHZO

PLETOW2S
FLOTOE30
PLUTCU3S

PLOTCUUO
PLCTCOWS
PLOTQUSO
PLCTOUSS

PLOTCUBO
PLOTOUSS
PLCTOUTO
PLCTGuTS
PLOTOUBD
PLCTQuBS
FLCTOUOQO
PLOTOLRS
PLOTOSO0
PLCTDS0S
PLOTOSSO
FLOT0S1S
PLOTOS20
PLCTCS 25
PLLGTOS30
PLOTCS3S
PLCTOS6O

sJYPJPLOTOSUS

PLOTOS50
PLOTESSS
PLLTGRGO
PLOTCS6S
PLOTOSTO



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 1 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 1lists 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 case of a continuation of a given
problem;

which is called st the termination of a run to output the
continuation data called for by CONTIN(1).

156



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 plotting 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-

pose. Subroutine LIST is not used in the version of the program in
Appendix 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) is 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 an 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
KCYy 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
an x channel adjoining that of channel block K 1is 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)). 1If 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 is 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) 1is generated in CHANL(1), via a scan of all IB
and JB values for given ICG and JCG for channel block K.

An array KLB(K) 1is 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 generated 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 1is 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,B6
TYPE OF END

KENg= 1,2,3,4 HC=H OF ADJACENT BLOCK
KENg= 5,8,7,8 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 II

The coded program SURGE II 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 output 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 locations saved;

NELOW 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.

ko kE K 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;

10UT 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.

Fokokk ok Block 2

M Total number of x-grid intervals;

JM total number of y-grid intervals;

KM total number of blocks having barriers;
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KMAX

LMAX

*kk kX

DELX
DELT

CbO

FK

FC

HGI

)RR KhkK

KI

LJ

KII

LJJ

JBL, JBR

% kok ok ok
IB(K)
JB(K)

1ZX(K)

1ZY (K)

ICDOX(K)

total number of coarse x-grid points for wind-stress input;
total number of coarse y-grid points for wind-stress input.
Block 3

Spatial grid interval or block size (nautical miles);

time interval between block H and flow computations (seconds);

overflow coefficient for natural low-1lying ground such as
barrier islands;

bed-resistance coefficient for blocks;

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

initial water level above MSL in the bay (feet).
Block 4

Number of interpolation subdivisions of each coarse x-grid
interval KI*(KMAX-1) = IM;

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

number of coarse x-grid intervals;

number of coarse y-grid intervals;

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

Block 5
I location index for barrier block K;
J location index for barrier block K;

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

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

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

ICDSX(K)

ICDSY(K)

kkkkk

12(1,J)

kkA KK

IMRO
JMRO
KR
ISTR
IND

NOW

KIM

NORT
*% ko K
RF

CONST

S

Xk kk Kk

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

I location index for Kth river input block;

J location index for Kth river input block.
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ok ok Block 10
DIST(M) Percent of total rainfall per hour for 24 hours.
HkA KK Block 11

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

Kk % Block 12

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

Tk kkk Block 13

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

*kkxR Block 14

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

R Block 15

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

*kkkE Block 16

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

LEEEE " Block 17

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

ek k AR Block 18
ICG(K) I location index for channel block K;
JCG(K) J location index for channel block K;

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

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

IZCY (K)

IFC(K)

*REhA*k

IGAGE (K)

JGAGE (K)

KELOW (K)

kkhkk k%

IEND
NF
IBEGIN
NJ
NCARD

ALPHA (J)

width of y channel (upper side) on channel block X (feet),
with sign (see subsec. 6 of this app.);

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

bed-resistance coefficient for channels on block K (value x
10,000), 1f entry is zero (blank) then IFC is taken as EC
(entered in Block 3) x 10,000,

Block 19

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;

if not zero, this is the J location of a block H; if zero,
a chanmel H is indicated;

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.

Block 20

Maximum I in listing of block arrays of H, U, and V;
number of iterations between listings;

first I din listing of block arrays;

maximum J in listing of block arrays;

total number of alphanumeric problem identification cards;

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 wunits digit of the data block
number is entered in column 1 of the data input card.
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Control Card

READ 1 , ICARD (0 for starting)

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

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

Block 1 (1 card)

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

Block 2 (1 card)

READ 100 , TIDENT, 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 & (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

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

READ 100 , IDENT, (IZ(I,J), J = 1,10)

I

READ 100 , IDENT, (I1Z(I,J), J 11, JM)

550 CONTINUE
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Block 7 (1 card)

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

Block 8 (1 card)

READ 250 , IDENT, RF, CONST, S

Block 9 (1 or 2 cards, dependent on IMRO)

READ 100 , TIDENT, (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

Bloek 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 = 0, block 11 input is

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 = 10 * L + 1)

Block 12 (JMRO cards of river discharge data)
DO 700 M= 1, JMRO
READ 250 , IDENT, (RO(K,M), K = 1, IMRO)
700 CONTINUE
Wind Stress and Water Level Forcing
(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)
Block 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 , TDENT, (YR(K,L), L = 1, LMAX)
800 CONTINUE
IF (MI'IME - MMAX) 710, 1,015, 1,015 (710 returns to read block 13)

1,015 (CONTINUE)

Block 18 (KCM cards with channel data. If XCM = 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), TWCX(K), IZCX(K), INCY (K), IZCY(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, I5, 9(3X, I5)
250 FORMAT (I1, F7.0, 9F 8.0)

350 FORMAT (20 I 4)

450 FORMAT (15A2, 15A2, 10AZ2)

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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Controi Card: 0 in column 1
Block 0: see Section IV,1, NOWIND = -1
Blocks 1 to 9 see Section 1v,2
Block 12 (1 card for steady river discharges)
READ 250 , TIDENT, (RO(K,M), K = 1, IMRO)
Astrotide Block (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, T4, 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 MIIME 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 = HGI = 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. 1In 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. In 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 value 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)

Forcing 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 values 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.

c. Array Size. The number of barrier blocks KM 1is normally
limited to less than 100.
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Figure C-1. Flow diagram for read statements.
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6. Comments on Channel Input.

a. Possible Channel Locations. All channels in the schematization
occur along the right side or the upper side of a given channel block.
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-, OT 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 BL.OCK BLOCK
K1 K2 K1
CHANNEL CHANNEL
BLOCK BLOCK
K3 K3 A
ﬁEZfN.’gﬁ*’_— 1
o |
CHANNEL CHANNEL
K1 ! BLOCK
| A BLOCK
NULL CHANNEL | K1
BLOCK
(I WCX=I WY =0 ;i

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. 1In 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. 1In
such circumstances, the required "null" channel block would have zero
width for both the X and Y channels (IWCS = IWCY = 0) as input. The
H value at the junction of the connecting channel reaches for this case
is stored as HC(K1); di.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 c is accomplished by a sign coding in the channel
block data as follows:

(a) Channel width (ICW) positive, channel-bed elevation (1ZC)
(b) channel width positive, channel-bed elevation positive;
(c¢) channel width negative, channel-bed elevation negative.

It is understood that only the magnitude of IWC and I1ZC 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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€. Restriction. Only 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 is limited to 130, KCM should be less by the amount
described above.

7. Qutput.

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 Qutput. Normally, the routine output of computed values
includes block H arrays and listings of all channel variables at pre-
determined intervals of time (as determined by IOUT). It is possible 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
for 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). 1In 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

178



ICARD® 0 18L® § KCMs 121 NOWINDpa | INTERE 15 NGAGEz § NFLOWE 2 IMINZ o1 IMAXE {0
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Ka A& IB® P4 JRm | 2x¥ =«{0) 2ve 50 CDOx=s 200 COCYyz 200 CDSXz  4HC CDSY: 400
Kz 7 18% 285 JAS { ZX® ejQOpn ZVY= gn FDOXE 200 CDUYz 204 COSX3 400 CNSY2 400
Kz ' A 18%z 26 JRa | 2x3 =100 2vg 50 CDOxs 200 COuyz 20n CDSXx= 400 CDPSYs 400
Kz 9 Ir® 37 JRz | 3X2 «100 2ve 50 CDOX2 200 CDUY= 20n CDSX=T wo0 COSYs 400
Kz 10 13% 28 JBE | ZX® 100 7ve g4 CO0Oxe 200 COOY: 20m CDSX2 4p0 ChSYs 400
Ks 1{ Igm | JBz 2 7IXx =80 2vx 6n CDOX= 200 COUY= 200 CDSX= 490 CNSYs 400
Ks {2 1B® 2 JRe 2 7x2 «100 2vs 60 CDOX® 200 CDUYs 208 COSx= 400 CDSY= 400
Ks 93 IBRF 3 Jaz 2 7X® e12) 7v¥s 60 CDOX' 200 CNPUY= 200 COSX® 4n0 CNSY= 400
Kz {4 Ig® 4 JRz 2 7X® «100 7Vsm s0 CLOx= 200 CDUY=s 200 LD8X= un0 CPSYs 400
Ks 1% JAz S5 JRs 2 Ixm e70 Zva 60 CDOX® 200 CPOYx 200 COSx= 400 CD&Ys 400
Ks 146 Ies 6 JRZ 2 7X» 10 Zve 60 CDOX= 200 COOY= 200 CDSx®  apno CHSY=z UND
Kz {7 Tu® B8 JBe 2 2x= 50 2vs 20 CDOxa 200 CDUYs 20n CDSXs 4p0 ChHsYe 400
Ke {8 lu= 13 JRE D 7X3 ejl) 2vs S50 C0Oxe 200 CoUYz 204 CDSX= 460 CNSYs 400
Kx {9 IR®m 14 JRe 2 7xm =120 7vs g0 CDOx® 200 CNOYs 20n CDSXx= 4po Cnsys 4wor
Ka 20 Irs {5 JRs 2 7X% »{20 7Ye 50 €DOX®E 200 COUYms 200 COSX®  4p0 CNSYE 40O
Ks 21 IHZ {6 JRm 2 7ZX® «{20 2v= sA CDOx3 200 COUY= 200 CDSx= 400 CDSY=s 400
Ke 22 18® (7 JRE 2 IXB e}{p 7vz 50 £DOX® 200 CDOYs 2pn CDSX=  4an COSYe 400
Kz 23 1%s (B JRz 2 7X& R 7ve S0 CDOXx= 200 CDUYs 200 CDSx=z 400 CNsYs 4Qe
Ks 24 IR2 {9 JR® p 7x=m 60 2VYs= &6 CDOX= 200 CDOYes 20n COSX®E Upo CNSYs  40h
Kz 2% tps 22 JBe 2 72x= 80 2vs 10 ¢00x3s 200 ChUYs 206 COSx= 400 CNRYs 400
Ks 26 IBz & JBz 3 7x=m 60 vz 10 CDOXE 200 COUYs 200 CDSx= 460 CN&Y= 400
Ks 27 Ir® 7 JAR 3} 7Xx= 20 2ve 5o cOUX®E 200 (NUYz 20N CDPSX3 400 ChDSYx 400
Ks 2R 18m 8 JRm 31 7xo 50 2v= 50 CDOxs 200 CDUYz 200 COSX= 400 ChSYs 400
Ke 2¢ Ig= 9 JRe 3} 7x= 10 Zve 50 COOx® 200 CNOYe 20n COSXs U400 CNSYs 400
Ks 30 I8= 10 JRa 3 7x= 10 2ve up CDOXxE 200 CDUY=z 200 CDSX= 400 CNSYs 400
Ka 3¢ Ips 91 JRx 3 Zx= 30 Zvas uo cDOX=s 200 CHOYs 208 CDSXT 400 CODSYe 400
Ke 32 Isa 12 JRz 3 2xs3 S0 2vs S0 CDOxz 200 CPhOvz 206 CDSXz 400 CDSYs 400
Ka 33 Ipm 22 JRa 3 Zxs 80 2v= {0 ¢DOXE 200 CHUY=s 200 CDSxm  U4np CHSY= 4on
Ke 34 18m | JRa 4 72x= 10 Zvs S0 COOx® 200 CDUYe 200 COSXz 400 CPSYs 400
Ks 3z ps 2 JRz 4 Z7XE 10 2ve g cDOXs 200 CcODUY= 206 CDSXE= 400 (DSYs 400
Ke 34 T8 3 Juag 0 7Xs» 10 2V¥= 50 COOxz 200 COOYz 200 CDSx= uno CN§YE 400
Ke 37 Ius 7 JRa 4 ZXE 50 7ve 50 CDOX® 200 CNUY=s 2060 COSXE 400 LDSYs 400
Ka 38 Igs .22 JAa 4 2X= 30 zva  e3n CCOx= 200 COUYs 200 CDSx= 40 CDSY= 400
Ke 39 lgm 3 Jps g 7= 50 2ve 10 cDOXxs 200 CNUY=s 200 CDSXS 400 CPSY=s 400
Ke 40 Ifes 4 JRg 5§ 7x= 10 2ve 50 C0DOXs 200 CCUYa 200 CDSx= 400 CASYs 400
Kg 41 lg®x § Jsez g 7X= 10 Zvs 30 ¢DOX3I 200 CDOY= 200 COSX® 400 CRsYs 400
Ka 42 IBRe 4 JRa 6 Zxa 30 2v= 10 C00XeE 200 CDUYs 20n COSxs upd CNhsys 400
Ko 43 1p® & JR®E § ZIXxe 50 7vs {0 coOxs 200 CDUYe 200 COSXE 400 CHSY= 400
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Irz § Jes 7x3 30 zvas =10 CO0xE 200 {NU¥s 2pn CLSxs  4p0 Chsys 4o
The o Jaz Xz S0 2v= 50 C00X3 200 CDLYe 200 COSXS 400 CPSYz 400
luas 15 JAg 7X2 ty Zvsz 50 CuOxa 200 CPUY= 200 CUSXE  4n0 CNSYs  Woo
Iua 16 JRe Ixs 1o zvs 6h FDOx® 200 LNUYs 200 COSx3  4ng COSYs 400
Iha 17 Jre 2xs 0 2vs §0 CLOx3  2n0 (NUYz 200 CDSXS 400 COSYs  4po
Ina 23 JAs 2x2 100 2va 10 COCxx 200 COUY= 200 CLSx= 400 COSYz  4oA

Iz 4 Juz
Ior o JRE

2xs 36 2vsz 10 £0Ox= 200 CODUYs 20n COSXE  4p0 ChSYz  aQn
2xs S0 2vs 50 COOxXxs 200 CPUYs 208 CCSX=  4p0 £NSYz 40O

I4a 4 JAaz 2x8 30 zvx  eff COCGX3 200 CDUYs 200 CLSXE 40O CNSYz 400
T8 7 Jas rx2 el 7vs a0 COrxs 200 COuyas 200 COSx® w00 COSYs  4oh
Ins 8 JRs 7XR w50 Zvyz  tan cOUX3 200 CNhuva 200 COSXx3  4n0 CNSYs  u0o
Iz 14 JRs 24% 59 2ve 10 cO0xa 200 CDuys 200 CLSXx3 400 (NsYs 400
I8s t7 Jrs Zxs= 50 2v¥z 0 COOXxE 200 CPUYz 200 C0SXxa  4p0 CDSYs 400

Twa p3ejag
Ire 4 JRg
Tis 5 JRs

78 100 Zvsz 50 {DO0x= 200 CHUYas 200 CDSX®  40G CNRSYs 400
7%m 30 7vs {0 COCXs 200 COLYs 204 COSXS 400 COSYz 400
Zra 84 vz BA CULAE 200 CDWYs 206 CCSXE 4ne ChsYs 400

VO O0CITBTEITEXPD® T DD I3 N~~~ NFP P P

1ne & Jis 7x% 9 7vs 30 CLUxXS 200 CPUYe 200 CUSK8  wog CPRSYz 40N
Ins 1 Jwre Ixs Su 2¥s g0 c00Xa  £00 CDuys 208 CDS«s W00 CNSY®s 40N
Iha @ Jua IxB  jup 2vy 50 Culxs 20y Chuya 200 Ciub-s 480 (N§Ys 460
The & Jua 7X2 b0 zve tud COOX3 200 CDUYz 200 CDSaz &0 COSYs 400
Iha (4 JRrE IX=® 50 2vm 10 CO0x® 200 COLYe 200 CUSXxET 400 CNSve 40D
Tua 1§ Jus Ixz 0 2ve gh CLCxs 200 ChuYe 200 CUSXE 400 CDSYs 40h
[k 16 JRs 7x® ¢ 72vs g6 chUxs 200 CDUYyz 200 CDSx® w00 L{NSyYs 400
Tks {7 Jne 7xm Sv 2vk S0 CDOx8 200 CNCYs P00 CDSx®  4o0 CPASYs 40O
Ivz 23 JRa 7x8 120 vz sn fCCxs 200 CDuYs 200 CDSx®  4a0 CPSYs 40o
[HE ¢ JAs 7xw 80 Zvys  FA CDUKE 200 CNUYa 200 COSX® 400 COASYs 400
Ins 7 Ji= 2t S0 2vx G0 Couxa 200 Chuvx 208 COSXS  dpy £DSYs 400
Tss @ Jus= 7x3  Yuy 7va 70 COUX® 200 CNHUYs 260 CLUSXS 4n0d CDSYx 400
The 23 JAz 7xx 120 7vs tn CLOXs 200 CDhuve 200 COSXE 400 (DSYs 400

Tus 9 Jnxa {0 7xa tno 2ve 70 £DUxs 200 {NUYs PoA CLSxE  4n0 C(NSYs 400
Tas 20 Jaz (0 7x= 19 2vz 185 CLOx®E 200 Cduvs 200 CoSxz 400 LNSYys 400
e 21 Jwm {0 7x3 10 Zva  tsn £DUX® 200 ¢0uya 200 CDSXZ  4n( COSYs 400
T<g pp JHz 1D Zxs 10 2va 150 COAx® 200 CPUYs 200 CUSXx®  4aD CNSYs 400
Tna 23 Js3s 10 7a% 120 2ya 120 COOx® 200 (DUYE 208 COSX® 400 LPSY® 400
Ias 15 Jie (1 Zas AU &7 An COOxe 200 CDUYz 208 CCSx® 400 CPSYs 400

1he g JRE |} 7XE 1o zys  ton €£DOx® 200 (DUYs 200 CUSXE 400 COSYs 400
153 17 Jam (1 2xs 2¢ JvYe 7o LOUXS 200 CNUYE  pom CuSX®  4gy CNS§Ys 40N
143 td JAz (4§ 2x® Ry Zvs 70 FOUXE 200 CNJUYs  2un COSKE 400 (hSYs 40D
Trez (4 Jus {{ Fxa 190 2vs tan roua3 20y Couve  2aa [LSXB  4ag CNSYa 400
THR & Jrm |? Zx3 B¢ rve 50 C00«8 200 [0LYe  Pgo CHYx8  «n) CNEYs 400
lem 7 Jne §2 fxw S0 2va 50 POCXB 200 COLYE  2hAa CUSKAS  Wog LPsYs  40h
1H8 14 JRE 1P Tam 2u 2ve R4 0O0x® 200 CNUve 290 ONSxe  4Ap (PSYs  U4G0
Ina & JAa {3 7xa S0 Zvs 1Ro [0OUXE 200 CouYa  2a4 (OSXx8  4po (hsYs G400
I~8 t4 J®s 11 2xs 8¢ Zva g0 CDROx3 200 (Duys 2060 COSX8  wnDd CNSYe WQO
T8 W Jue 3 Jxe LIAL &h CDOXE 200 CPUYs  2nn CLSAY  woo CRSys 400
1hE  § M {4 728 tu 2ve 50 CLuxs 200 £N0ys 200 COSxs  wpo ChS¥Ys  4ob
14®8 4§ JAg ja 7xe Ry 7YE S0 CLOx® 200 CRhuys  Pen CCSAS  way LNSYs 400
Tes 4 Jwa {7 7xe S6 zva 100 PLOxE 23y CPLva 200 CUSx&  uap CPRSYs 400
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INNTs 7

IMR(a

3 JMRO=

25 KFm P25 18TR= 25 [ND= 16 NUWsz 4§ KM=z

IDMT= 8 RF3 4,000 COMSTE  .9000 e ,2366¢2

IDNTZ 9
9 28

IpNT= 10
e0NB
0032
030

IpNT= {14
04000
0000
0e0NO

I0NTa 12
800
800,
Bon,
00,
R00.
800,
Ron,
B0OO,
fon,
9004
900
900,
900,
900,
900,
00,
a0n,
1316,

1310,
1310,
1310,
1310,
1310,
1310,
1310,

3 PAIRS OF IyJ FOR RUNOFF LOCATIONS

19 14 19 ] 0

PERCENT RAINFALL FACKH MAPTIME

«00Rg 6100 0140 0180 0230
0630 s N84Up «1070 e1469 1400
+ 0200

CHANNEL STRESS VALUES AT MaAPTIMES

18 4
0070 «N070
e 0360 0470
02590 o210

00,0000 040000
0.N000 00,0000
0,0000 0,0000
3 SETS OF
1107, 1520
1099, 1480,
1099, 14RO,
1099, {UBQ,
1099, {UBn,
1099, {UBRD,
1099, 1480,
1099, 1480,
1099, 1480,
1152, {560,
1192, 1560
1152, 1560
1152' 1560,
1152, 1560
1152, 1560,
1152, 1560,
1152, {960,
1812, 20860,
1R12, 2060,
1812, 2060,
1812, 2060,
1912- 206N,
182, 2060,
1812, 2060,
1812, 2060

Ne0000 N,0000 04,0000 00,0000 0,8000
060000 Nn,000p 0,0000 Q0000 10,0000
00000 04,0000

RUNOFF vALUES IM CFS FOR 25 MAPTIMES

182

45 NORTa

sN2UY

*0650

Oend00
Oauo0

15

L0280
0390

10,0000

0.0000



v = NN NNNNNNCCCTO PO R E

MNNNNYN9wYOCrOCOTTOC O

MT Mg 0
4.5000 44,5900
3.2000 3,20n0

tINMTZT) AT MARTIMES

@,005¢4
e, 0UBD
=, 0055
=, 009%
=,0050
=,0050
LR
= 0056
=,0020
©,0018
=, 0015
we015
e, 0013
=,0011
=001}
®,0011

MT[“E= 1
S5.5000 S,5000
4e5000 45000

(IDNTzT7) 4T “APT]IwME®R

HGR FOLLOWFD BY WuR 4RRAY ([N FEFT) AT
UoB00 45000 4.5000 4eB00p u.S8000
34200 3.2000 3,2000 3.200p0 T,2000

XR VALUES(TONTS6) AND YR VALLFS
2609 @, 010 ©,0090 e,00Rp a,A0kD

ma027 =2,0169 e,009! @, 00RY @ NNAY
2e030 =,0128 =,0100 ©o0UTY a,N(hl
2,028 @,0143 =,0116 =,00738 «,00ky
26028 ®,0130 @,0105 ®,0073 w,N0by
2a(}2b -.0225 -.0094 = 007U @, V0AY
=026 ©,0225 w,000% e,0074 e, 06T
26026 ©,0225 w,00004 @o0(74 w.N065
“e0f! ®,0037 2,003 =2,0029 a,N021%
2e 009 =,0055 @,1030 220024 w,N02n
@009 =2,N037 ,0030 @40020 w,nN017
@e 007 ©,00360 w,0031 @,0020 e, 0017
2s006 =,0030 @,N024 @,0017 o,0015
=005 @, 0044 w0018 =,0014 a,n01}
=2:008 @,00848 =,0018 =N014 w,0013%
we009 ®,0004 «,0018 @40014 o,0013

HGR FOLLOWED BY HMBR AKRAY (IN FPEFTY AT
5,500 S,8000 68,5000 5.%000 &,5000
60500 4,5000 '4e%5000 445000 04,5000

XR VALUES({IDNTEE) AND YR VALURS
o013 m 0112 -.0112 -.0090 21070
o003} @, 200 e, 0102 @)y w, 0071
20032 = 0101 = M120 =e0091 o007y
=2032 =,0172 w=,0142 =.0092 a,007;
®e%2 @, 0104 =2,0117 w0037 o.007%
=2 030 @,02Ub e,7118 e¢00RY L,N073
20030 @,0206 @,0118 «c0083 o,0373
2. 030 ®,024d «,0118 =,0uR1 =,nn7%
=013 @,0043 w0043 a¢0I5 L,0027
=e 01!l ®,00h9 »,0038% @,003] a,002%
we() {0 ".ﬁU“} '.0036 LRV -.ﬁﬁ?s
2009 °,00U6 =,004] =,0U27 =,0022
2008 ©,0033 2,0029 e.0023 e aAN20
2e006 =, ,N048 a,002% «,001R w,N017
=e006 =,0048 @,0025 ©.0018 =,0017
29006 =2,0088 @,0025 =,0018 w,N017
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w0054
= 0054
=, 0085
=, 008%
=,0059
2, 006y
a, 0004
=,0064&
=, 0021
®,N019
e, 0018
=, 0017
2, 0015
=,0U01%
=, 0ulb
'.0015

0

{

45000

S.5000



LV I~ NNNNw-NwNNNNocoOoOToToCooOT W &

NN NN <N NN TGO

2
6,2000
562000

3
b.0000
5.2V00

HGR FOLLOWED By HBR AKRAY (IN FpeTy AT MTIME=
6e200 64,2000 66,2000 5b,2000 k2000 60,2000
56200 55,2000 842000 5.2000 85,2000 52000

XR VALUES(IDNTs6) AMND YR VALUES (IDNT=27) AT MAPTIMEZ
2,037 «,0136 =, 0123 e,0111 a,nQR3 =,0053
°003°~'.0216 '.0112 e, 01N0Y -,OOQO '.0080
we(036 =,0169 0,0130 =,0102 »,0094 »,0081
200806 ®,0187 =,015%5 @c0103 &,0091 =.0081
203U ®,0143 »,0102 =,0104 w,N09p =,0082
me03S ®,0282 w@,NiUd4 ®,0094 =,00RY =,0073
we 019 w, 0282 wa0]lU we 009U @, NORT w,N0T73
@e03% @,N282 @, 0lub =,009U e ,NQRY =,0073%
2,015 28,0088 20,0082 ®.0047 w=,N0T74 =,g002¢2
s 013 a,0079 e, 0043 20019 &,00%5 <,0031}
2e012 ©,0085 =,0048 =,0035 =,00%) =,0028
2011 =,0084 e,0048 e,0032 a,0030 =.0026
2,009 =,0030 w,00%8 @,007R &,N027 =.0024
g (107 ®=,0060 =,0033 ©,0022 w,0021 »,N018
we 007 @,N060 o,0033 ®40022 =,0021 =, 0018
me (007 2,0060 ©,0033 w0022 a,0021 e, 0018

HGR FOLLLONED BY HBR ARRAY (In FEFTY AT MTIME=
66000 66,0000 66,0000 60000 #0000 6,00N0
5200 55,2000 S,2000 S.2000 S,2000 942000

XR VALUES(IDNT®e) AND YR VALUER (IDNT27) AT MAPTIMES
=, 040 =-,0138 ©,0125 =112 @ NYNH -IOYOBQ
038 =,0201 @, 0126 e40]02 o,00091 = N8I
®e039 22,0203 8,030 =2,0103 &,N092 =,008}
2, 0% =,0208 @,N1d2 @,0104 =,0092 =,0082
2,035 2,017d w,01%8 =,0105 w,C0R7 =,0073%
se033 w,0305 e 0145 =009y =2,00R% =, 0074
©e033 @,0305 =.0145 20004 w,00Ry @,0074
2,033 @, 0305 =,0{45 ,0094 =,0083 =,0074
2a015 ®,0093 @,0048 =400403% a,004p0 =,0038
25013 22,0066 o,0048 =2,0035 «,003y =, 0028
o011 @,0059 =,0062 =,0032 e 0028 =,0025
©e 009 @,005] @,0038 @,0028 ,0077 =.0024
@s007 2,0037 22,0037 40024 +,002] =.0018
2e 005 2,00%4 w,00206 @s0018 a,0018 =,0016
2008 #,00%4 =,0026 =,0018 =,0018 =,0016
o005 ®2,00%4 25,0020 @e001R w,N018 =,0016
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U= NN NNNNNwNOCTr>OCOTOCOC O (V0P =

NN NNw~wNwN~NMOCOCOCTOTOTOITOC

HGR FOLLOWED BY MBR ARRAY (IN FEgT), AT NTIMEZ

4
58000
5.,2000

AT MAPTIMES

8
6.2000
Ze5000

56800 54,8000 S.8000 %e8U0n &,An00 Se8U00
56200 S,2000 S.,2000 Se20n; &,2000 55,2000
XR VALUES(IDNTES) AND YR ValUES (INNT=27)
©e052 =,0205 wo0172 wo0i86 w,0{lp =,0128
s (053 w0282 =,0173 20154 se01%0 ma0117
26080 2,02206 0179 ®,0145 »,013) =,0118
2,048 =,0247 @,0170 =@,01Up w,N{tR =.N095
w045 @ 0229 ,0211 #6013 a,N{19 «,0i06
2,043 =,0378 ®,0194 o018 3 w0107 ®,008%
we0U3 =,0378 2,0194 @033 =,0107 =,0085%
wa 083 ©,0378 &,N194 40133 o&,N{07 =,00RS
2s012 =,005) @,0006 wa0045 w,NQu] =,0039
w010 ®,0060 =,0000 =:0037 w,n0l2 =,0029
'!008 ".00“0 -.00U7 w1028 -.00?9 -.0025
00006 2,003 «,002% @.0023 <,0021 ° 0017
@me03 2,0020 2,0028 ©s0016 e,0017 =40017
=002 =,0020 o 0014 0012 e, 001 @,n010
@002 =,0020 =2,0014 «40012 e,001f =s0010
26002 9,0020 =,0014 0012 ao001f =400L0
HGR FOLLOWFD BY HBR 4RRAY (I FEFTY AT MTIME®
6¢200 6,2000 4h42000 642000 he2000 5642000
5¢500 55,5000 S.5000 S+5000 &,5000 Se5000
XR VALUES(IDNT=6) BAND YR VALUES (IPNTe?) AT MARTIMES
@065 =,0244 2.,0225 e 0JR0 &,017T3 =,0158 '
@ Nk 2,0373 @,0208 @.0192 =,01859 =,0131
@059 =2,0308 w,0210 @o017h e nN{kg =.0145
©¢087 =, 0248 w0279 =o0177 2,016 s, (1Ub
6057 2,0268 e 0248 @o0162 a,0{U7 =,0133
2o05] =.0454 2,0212 =a0162 = Njiu7?7 =,0133
we08] 2,045d 02,0212 es01h2 w0147 =,0133
o051 w,0054 @,0212 @:0162 w,N147 =,0133
o012 =2,0048 e,0048 w0004 o,N040 es0039
wea009 2,0060 @ 0037 *,0034 =,00%5 =.0020
o005 =,0033 =,0003 @,0028 =,0026 ®=,0026
@«q003 =,0018 «,0020 240019 w,002n =,0021
e 001 ®,0010 w0013 2,001 a,Npiy =,0014
001 0,0000 =,00084 =,0008 w,nong =,0009
0001 00,0000 @ 0004 =,000p a,fnfg =,0009
0001 0,0000 22,0004 ©,0006 =2,0008 =,0009
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NMNNNNYNNvNNOCOCCOTOCOCOCTOTO

HGR FOLLOWED BY WS8R ARRAY (IN FEFT) 4T mTIMEs

6a500 6,5000 &£,5000 66,5000 A, 5000 65,5000
Se600 5,6000 &,h000 8,6000 S,6000 5.6000
XR VALUES(IDNTmE) AND YR VALUES (InnTz7)
=0 A9 '.02“8 -.na,l 2, 0193 2,016 =, 0idb
=:0h3 88,0332 w,0211  =,0177 w0169 =,0lUb
20060 =,0258 2,0220 @s0162 e ,r147 w=,0133
“e 054 =,0230 @,0230 =,0182 @,N133 =,0i08
ms 051 ®,0229 =, 0229 =, 01UY 0120 =, (098
«eQUS @,0352 @a,0194 ®,0133 o,017p =,0108
=e0US .-0352 -0010“ @y 0133 -.n]?Q =, 0108
=e 045 ®,0352 @,0198 20133 e,0120 *.0108
“a005 =,0022 @,0022 @s00PU w,N02%F =,0023
2001 @®,0012 «,0011 =,0016 w017 =,0018
0002 00,0000 weoN00® = 000K w,N01) e,0012
s 004 sN008 eN0N4  0,0000 w,npng =,0008
« 005 s0020 0012 «00NS 002 040000
0006 0043 e 0017 0000 20006 0004
s 006 0003 0017 20009 0004 e 000U
o006 NU43 0017 :N0NY ,000p <0004
HGR FOLLOWED BY HWHBR ARRAY (IN FEFT) 47 MT]"Ewm
6200 ©,2000 6,2000 He2000 £,9000 6,2000
506400 S,4000 S,4000 S.4003 S,4000 5.0000
XR VALUES(IDNTae) AnD YR VALUES (I1NNT27)
2,065 =,0247 @,N0211 @,0190 =, ,N{78 e,0168
@e0%89 @,0307 =,0211 =40177 =,0162 wm0147
29056 ®=,02R6 @,0210 ®o0162 a,N147 @0133
©e (050 =,0207 =2,0209 =.0106 w,0132 ®,0119
mo QUL =,0205 o,0207 ee01F L,0119 w=,0107
=039 -00278 ..01ﬂ9 e 0117 e, N104 =,009%
«e039 @, 0278 w0189 w¢N]17 o,0{0k ®=,0005
=e(039 @,0278 @,01R9 e,n{17 a,N{fp =,0095
008 ,N026 «eN01S s 0010 TS 0003
¢ 010 L0043 «002¢ 01 S 001 20008
010 0040 0030 0014 e N0 0 2« 0007
0011 0044 0037 «0023 s001R $0015
0012 sN051 W 0QU4 e N0G28 e001Q £0015
0012 L0079 L0047 00027 0020 00017
012 0079 W NOHT 00027 0020 « 0017
012 .0079 20047 00027 0020 «0017

(86

b
6,8000
S.6000

4T MAPTIMES®

7
6.2000
S.4000

AT MAPTIMEB

6

7

6,%000

65,2000
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HGR FOLLOWED BY KRR ARRAY (IM FEpT) a1 MTIvEs

8

5.0000
5.3000

4T MaPTINES

9
T.2000
£,2000

60000 6,0000 65,0000 6+0088 #,0000 &,0000
56300 5,3000 S,3000 S43000 S,35mpn 55,3000
XR VALUES(IONTNE) AND YR VALUES (INHT=T)
-y 0UB '.0135 =, 0§56 e,01U% e,01%0 ,0118
=042 =,0216 «,018% @,0128 e,0{1s ®=,0105
= 039 @, 0198 w,0150 @114 e,0103 e,0092
®s034  @,0150 e,0138 e,0114 @,N09] =,0072
»e030 ©,0134 @,0136 =,0089 &,N00Rp =,0072
#0266 *,0175 @,0109 e,0078 =, ANTQ =,(008¢
=e 026 #,0175 «,0109 ®,0078 «,0079 ©,0080
#0026 ®,0179 #,0109 ©,0078 w,N070 =,0080
017 «00h0 W OPUS 0N 00N 0025
s0106 L0078 0050 « 0037 N0y 0026
017 00706 WNOBO 00T 003 0020
016 0063 L0058 O0U2 R D022
019 L0062 s00%b N0 1g NP0 0023
014 LO0RS W ON51 WNO3S 0032 s0029
01U LNCA% LONS Y « 0015 012 NG26
014 0085 0051 0038 0032 L0029
HGR FOLLOWFD HY YBR AKRAY (In FEETY AT MT]ME=
Te200  T7,2000 7,2000 742000 7T,2000 72000
60200 66,2000 6,2000 642000 £,2000 622000
XR VALUES(IUNT®E) AnD YR VALUES (IPHTz7) 4T MAPTIMES
w060 -, 0249 a,0210 0201 e, N1 Ry «, 01714
--057 ‘.0303 -.0213 'nolns -.0158 -.0155
*e050 ®,0296 @,02U0 =,0165 e,0({83 =,0139
-e(US -.0222 -.OZﬂ“ v, 0148 -.ﬂl]’ =,0126
»e037 @, 0170. «,0189 =,0133 w,n{P2 =,0110
. ma 036 = ,0248 0142 ©,0119 «,0108 =,0161
®,036 *,0248 e,0142 *,0119 w,010R *,0161]
o336 @, N248 w,0142 @¢N]119 L,NJ08 =,016]
027 0400 «NO78 20065 . N0S7Y £ 0049
026 L0135 «00RD «00bo +N0SA W 005y
027 «N150 «0090 0067 «NO%A s 0050
025 0113 ,0097 0066 «00SS W 00Us
022 0094 0096 0068 «N0SY 20049
0023 L0148 0079 0061 N0 <0075
0023 s0148 0079 0061 D083 00075
0148 0079 U6y 20053 0075

0023

187

)

9

60000

T.2000
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HGR FOLLCWED BY MBR ARRAY (IN FErT) a7 MTIte=s 10

Te000 T7,0000 7,0000 740000 77,0000 740000 77,0009
6e000 66,0000 A,0000 He00086 Aa0000 640000 640000
XR VALUES(IDNTEL) AND YR VALUES (TNNTz7) AT MARTIMES
2s0UB  ®8,0094 2,079 w01k w,N{0n =40118

20042 2 NP24 @ oN1TH @ N7 &,n175 e40}1}

2e 037 ®,0187 00,0150 @022 w,011p ®,0101

20032 =,0170 a¢0132 ®,0100 &,0000 @009

s (28 s,0141 '.0157 v,y 1098 e NORY w0078

e 024 .00165 2,0104 =, 00K @y N7k s ,0068

@e(024 ©@,00165 e,0104 2,00R% &,NN74 =,0068

8024 =,0165 @,0100 @008y &,MNTp w,0U8H

02U JN0R6 $0078 2 0064 SNOUA 035

023 20109 0079 e N0SS s NhAUR NOVR

0021 0099 «00R0 «eN0%Y e NNUY Y

020 L0094 00867 D08 Y NouR L0034

+018 20081 «NORS e OUUG LR «0U3S

016 eN103 0060 0 N0US L0019 N33

10186 WN108 «N060 0048 L, N039 <0033

016 L0103 L0060 0045 L0030 L0033
HGR FOLLOwFL BY HWBR ARRAY (IN FEFTY 4T MTIMER 11
S¢800 55,8000 65,R0N0 S5,8000 &,R000 S,R06C 66,8000
54800 B,R000 S5,8000 B68000 ®,8000 S,R000 55,8000
XR vALUES(TUNT=6) AND YR VALUES fINPKTE7) AT "APTIME®
=e 084 2, 0213 =,0199 =,01460 w,0{5s =,0}43

wa 046 = ,N245 w,N196 @,0183 o,01ln w,N]2E

aeNU0 =»,0225 «,0180 @,0138 e,N126 =,011lu

=37 =,0189 vy 0147 ®:0123 -, 0112 », 0102

24033 =, 0187 = 0175 =,0110 @,0009 ®,0Q0R9

=s028 ®,0199 92,0130 ®,0098 w,NQRR @,0079

=e028 =,0199 &,0130 @,0098 e,00R8 ®,0079

»e028 =,0199 ©,0130 ®,0098 ,L,00%8 @,0079

024 0086 20072 W 008G fNOUK «N0TH

o N22 0109 W N079 0085 . 00US 20037

021 0109 0075 20053 L00dH 20U 39

021 . 0096 00069 «0082 £ MUY 200395

2019 ,0083 <0085 W 00ug L0042 L0030

018 RORS -] «D0AKS e 0048 N3G 0033

018 0115 0069 10048 w0039 N X

s 018 WN1LE 0069 W 0045 P09 0033

188

10

11

740000

R,AR000
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HGR FOLLOWED BY HBR ARRAY (IN FEFTY) AT MTIMEZ

12

69200 6,2000 6,2000 662000 4#,2000 6,2000 66,2000
S¢300 S5,3000 55,3000 5.3000 S,3000 5.3000 %.3000
XR VALUES(IDNTab) AND YR VALUES (IDNTz7) AT MAPTIMES
=o QU0 =, 0186 @, ,N{U8 @,0{%Q9 @,N{29 w®,0119
2035 @,0169 «,0146 ®:e0124 w,0115 ®=,0505
® 0729 =,0165 8,0130 @,0100 e,0091 <=,0083
5e025 =,0136 w,0{l0 @,00R7 &,00R] =.0074
=e021 =,0101 0115 @y 0(T7 e eN070 “«,0063
=e018 =,0121 =,0092 *,0059 e,n0hf =,005%
ws 018 @,0121 =.0092 e,0089 @, N06 »,0058%
2018 ®,012] w,0092 240059 we,006] =¢0055
e 031 .0135 009V «OUARY eNOTY s 0061
«029 0127 L0102 «N0RQ 0069 ,005%8
«025 «N133 20095 «0067 . » 0057 sQUdE8
022 0114 . 0091 LR W N0S82 ULl
«020 0088 L0093 WNOR8 2 004G 004
2018 .0100 0077 e 0Qdp SO0UY + 0037
018 L0109 LNOTT WOUUg NOUU L0037
1018 L0109 s0077 20048 L0084 2« 0037
HGR FOLLOWFD BY MHR ARRAY (IN FErT) AT MTIMEZ 13
bebN0 66,6000 K46010 BebUAY  hHobnNg 627000 67000
S5¢800 5,R000 &,8000 S.8000 S,R8000 5¢8000 58000
XR VALUES(TIDNTRE) aND YR VALUES (INNT27) AT MAPTIMES
=,049 '.0255 a«,Np18 0211 e ,N201 -, 0191
QU2 =,0251 =,0199 = 00170 e, N169 *,0159
2e037 =2,0207 «,01R0 ©,0174 @,N{53 =,0133
=,033 '.0197 =, |79 o, 01US aNi26 0109
= 028 @,018%4¢ =,0150 w,0icrR o M1y w, 0102
=024 @,0193 @,0115% =,009 e,N0N70 =,00h0
@024 =,0193 &,0115 @yN0% o,0079 =,00686
2024 ®,0193 «,013% 04,0096 @.,0079 =,00b06
0053 sNede W01R9 00165 oNYidn «N128
047 0251 20179 0ty eN127 0111
043 0255 0179 018y L0120 ,0003
2039 0211 « 0173 «0130 0102 0076
« 0133 017 « 0150 0101 0097 «0086
029 0214 «01490 + 0093 0091 W 008S
«029 L0214 0140 W 0093 L0001 40085
0029 o 0214 00140 «0093 0091 20085

189

{2

13

6,2000

647000
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HGR FOLLOWED BY MBR ARRAY (IM FEFTY) AT MT]MEs {4
5.800 5,8000 85,8000 5,%00 66,0000 6,1000 A,2000
56600 55,6000 S5,6000 Se6000 85,6000 546000 546000

XR VALUES(IDNT=26) AND YR VALUES (INNT=7) AT MAPTIMES
=041 =0223 ,0}ARE =,0179 w 047 «,0163
o036 ®,0235 @,0157 w4018y &,N{S5 w,0L4b
we032 -, 0201 w0150 LEXBN-Y:] w0102 w012}

*s 029 *,0186 =, 0155 @,013U e,n128 *,0121}
=e025 ®,0147 @,0152 @e0§{10 @, ,N}15 . =,0097
=022 ®,0183 w,0126 ©,0099 a,0{02 =,0505
=022 =,0183 0126 -, 0099 wa,N]02 =, 010%
“s022 ®,0183 w,0126 ®,0099 w,0102 *,0105%
QU4 L0815 0163 014y 0124 00106
« 040 0234 J014c 00122 20117 0102
« 036 ,0207 L,O140 «013s 0107 +0GBS
032 0193 «01Ud «0117 LN100 «NO8S
+ 029 0152 L0147 «0099 WN093 L 0074
0025 0196 0126 008G «00Rs «0082
025 031986 0120 s 00RQ eN0Rg 082
025 «0196 0126 s 0ORY 2N0RS «008¢

MGR FOLLOWED BY HBR ARRAY (IN FEFT) AT MTIMgz 1§
e300 44,3000 U.3000 WeS000 44,7000 U,9000 S.1000
5200 55,2000 5,2000 542000 S,2000 52000 85,2000

XR VALUES(IONT=E) AND YR VALUES (IDNT2?) AT MAPT]#es
=, 040 *,0222 «,0190 «,01R5 W,N191 =,0}R1
s 036 @,0264 w,0173 w0168 =,0176 <=,0169
=01 ", 0233 w,0170 =.01R2 w160 =,0138
=e (030 -.0203 -.0173 .00152 ., 0147 w0140
=029 =,0163 =,0170 *,01{28 =,0132 *,0113
=,025 w«,0218 -.0105 =, 0145 w1110 .-, 0102
=025 #,N218 2,01089 e40115 «,N119 =a0i92
»e025 @,0218 w0105 @,0115 w,N119 =,0102

049 0246 «0190 01684 0160 «0141
044 0304 0179 «01S7 Y 0127
040 0267 «0180 00169 «.N130 10312
037 . 0234 «0179 0347 W N127 20110
035 0187 0182 0124 K] 0095
032 0250 «0185% 0188 NI «008s
!O!a 00250 00‘55 .0115 .0111 nOOEQ
e 032 « 0250 0155 0118 L0114 s 0086

190

14

15

6,2000

S.1000
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HGR FOLLOWFD BY HBR ARRAY (IN FErFT) AT MTIME2 {6
UebOD E,6000 46000 GoT0ONQ 4.%9000 50000 S51000 Se1000
5100 55,1000 85,1000 Set000 S&.t0n0 541000 51000

XR VALUES(IDNTme) AND YR VALUES (I0NT=z7) AT MAPTIMES g
as (327 -, 01586 a, 0149 wme0ih2 ey TU @a0160
ee(026 =2,0201 w0138 w0150 eaniS0 =016y
®e025 =,01084 =,0100 =2.01%0 e,0§3R = 0125
©e023 ®m,016] w,0153 @s0130 o,Nn128 =.0115
we02] 2,N180 @,0142 weliN9 &,0117 =015
2a019 ®,0155% @,01%2 2¢0100 woNiip =20099
®e019 ®,0155 @,01%2 =.0100 e,nitp =.0099
ws019 =,0155 w0132 =qa(1n0 e, 0110 @, 0099

0057 0293 0247 0239 0230 00190
e 05U W N378 «N230 00222 WN1QR 0190
e 051 . 03534 p 0240 e 0222 f 0183 0149
2045 0290 Gr-T « 0206 EEY] 0136
e 040 0271 «0227 a0tk s0165 s 0149
2038 00268 0211 s01UR sN140 o010
0038 s 0268 00211 e 0148 20140 «0110
e 038 s 0268 oN2tl e 0148 0140 20110

HGR FOLLOWED BY WRR ARRAY (1N FEETY AT MTIMEm {7
5,400 55,4000 5,4000 56000 8g,R000 ©:0000 6.,0000 6,0000
5'300; 5,3000 5.,3000 S.3000 %,3%000 S5.3000 S.3000

XR VALUES(IDNTS6) AwD YR VALUES (INNTz7) AT MAPTIMES ({7
o015 @,0139 w,0149 =.0138 w,N{24 =,05114
me03D @,012% =,00R9 =.0111 @, 0121 °,0131
w013 =,0118 »,0089 =,0111 w,Nit8 =,012¢2
we0fd @, 0111 w,0108 =2:0100 a,0101 =.,0096
@as013 =,0097 «,010] 20086 a,000y4 =.,009%
we013 =,0103 ®,0092 =.,008hs e,008 =,0085
=013 4'.‘0105 -.0002 a, N0R4 o, 0085h «,008%
013 =,0103 @,0092 @,00Rh w,N0Rp =,00R5

20714 £0518 L0URD ¢eN374 JNINR LK)
e 06U W0Ub4 e D274 «02R9 s 02R8 «02814
2058 ,0U1l 2 02R0 0280 0264 «0239
¢ 055 0362 N34 e 0269 227 0189
e U9 s0317 e 0293 0213 sN210 0190
s QWU 03106 0252 0213 01913 0175
«0Ud 0316 0252 0213 w0193 0178
00U L0316 0252 00213 0193 0175

191



[V 3 NMNMNNNNNNCOCOTCOoOCTOC [P =
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HGR FOLLUOWED BY HBR ARRAY (IN FEETY AT MT]IMEs= {8
4.90n) s,1000
S.0000 85,0000

Ue700 4,7000° U,7000
Se000 S,0000 S,0000
XR VALUES(IDNT=¢) AND YR VALUES
0002 02,0000 e,00607
e001 @,0006 e,00%1
0000 =,001] w,0028
2 00] @, 0014 =2,0019
s 008 =,0015 w,0022
24002 ©,0010 @,0020
e 002 ®,00106 w0020
2002 =,0016 =,0020
e 043 sN2HY 0212
s 045 .0332 L0211
«0H0 <0310 0210
0038 0268 0211
v033 0211 0211
2031 0229 001093
0% 0229 0193
031 0229 W,N10d
HGR FOLLOWED %y HRR ARRAY (1IN FEFT)
3,200 33,2000 3,2000
444000 4,8000 4ydoovu
XR VALUES(IOMTmey) AND YK
016 L0075 0090
W01 d <0096 «004dD
e012 0072 « 0050
011 «N061 00Ul
009 L, 0048 200125
D08 N0Ub 0032
«D08B . ,00K0 0032
2008 0040 <0032
2087 sN301Y W02k
e 085 0417 0264
s ()R2 . 0371 2 N280
e 050 «0349 0307
« 047 . 0306 «N2806
W 0US 0329 20308
0 045 0329 20308
e QU5 20329 «05808

(1hnNTx7)

2e0020 e,0024
°s 0022 w,003%0
= N0 Y @, N0TY
e 0024 =y, N)AR
©®, 0023 we,002R
‘0002‘ -.0026
@y, 00214 w0076
@y,N021 @, N026

eN229
0211
b 0193
20193
0161
+01dg
+01de
«01dp

(1228
0210
0192
0176
« 0160
N1dS
«N1US
L0148

3.5C00 11,8000
ded00n W,Up0ng

VALUES (IDMT27)

s 00%n
e 0017
0030
0030
0020
200158
«0015
0018
W02RYy
s 0266
e D2U7T
e 287
«eN229
0219
s 0214
00214

192

0038
«002R
0022
1017
L0012
O
2R
W N2K7
sN2UA
s 0220
0211
021414
N1

5,8000 S.4000
S.0000 S.0v00

AT MAPTIMES 18
=,0040
=,0037
‘10'031
'10026
=,0020
s,002%
=, 0025
»,0025%

0226

£ 0208

10175

0160

0131

0118

$0118

0118

Ay MTIMEz 19

4eNU00 44,1009
4,400 d,u000

AT MAPTIMFE (g
,0025
0019
0013
0007
000U
s NO07
s 000T
S 0UNT
02RE
0208
eNEUB
10212
- 20230
0212
0212
0212

Seu000

de1000
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HGR FOLLOWED BY HWBR ARRAY (IN FgeT)

24700 2,7000 2,7000 2,9000 13,2000
Ge0N0 4,0000 44,0000 H40000 H,0000
XR VALUES(ICNTEe) AND YR
1018 L0086 <0073 0076 WN07T5
0015 0113 0064 2 00h3 0062
014 L0082 0060 0055 »N0SY
012 L0078 L0065 005y L00Ua
011 s0060 0087 s 0UUR N0Te
0009 L0062 e 0049 w0032 N0
«0NS 0062 0049 032 0013
009 .0062 <00U9 0032 W00y
2016 L,N193 JOIRG . L0108 W$N217
0035 0206 0160 018y N201
033 oN2Ls «018S 00169 L0187
003} 0210 0201 « 0187 0172
2029 L0189 0186 01587 ¢eNIBR
2027 0203 N7 « 0130 NI
0027 0203 0171 0130 0140
0N37 0203 0174 MIBRT VUL
HGR FOLLOWED BY MBR ARRAY (IM Fgpt) 4t
3.700 33,7000 33,7000 3I.R000 11,9000
YebNO W,6000 UL,6000 Udab000 dgb000
XR VALUES(IDNTE6) anND YR VALUES (INPNT=T
2016 s0074 0062 0078 0070
0013 «0093 0062 QURY $0067
012 0072 20060 NGS5 S L N0SS
011 L0070 L0064 «0UB1 L00as
e 010 0053 «0053 20043 0039
«008 -0061 .00“3 s NUYT enOSS
008 0061 00U 0037 20018
0008 20061 $00U3 00037 0035
8029 .01“5 0013“ '0161 anlhu
0026 «0190 0134 0180 SN16%
026 0163 e 0150 «0138 eNIR3
025 0164 MIB Y1) 0107 0140
0023 oN138 00138 0126 WN128
022 0187 0126 s 0114 s 0118
0022 01867 «0126 0114 «N11E
0022 0167 0126 0114 N1

AT MTIMEZ 20

3,4000 33,6000
40000 H,0000

VALUES (INNT=7). 4T MAPTIME® 29

{93

0073
«0US9
M08
«0039
G028
0034
0034
20034
«N23b
«022¢
s 0209
00158
0145
b 0159
0189
b 0159

MYfMER 21

)

4.,0000 4.1000
4,0000 4,6000

AT MAPTIMEER 21
0083
N0 70
20058
0037
0U31
s 00%0
20030
0030
0195
WN1Ag
W0 1{bb
«0414
e01%0
20104
20104
s 0104

3,6000

46,1000
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HGR FOLLOWED BY HBR ARRAY (IN FEFTY AT MTIMEE 22

3500 3.5000 345000 3:.7000 31,9000 400000 HelU00
Hol00 H,4000 Uo4000 WGolu0p G, 0000 “,4000 H.4000
XR VALUES(IONT®EY AND YR VALUES (INNTE7) AT MAPTIMES

o013 2 0060 2 00548 eQlUbl 0067 QU7

012 40079 0 N0506 00061 W NO5R OUB2

« 010 20067 0060 «NORY 2008y s VUSR8

2010 e N06S e N069 00060 W N0UT s 0030

0008 s 049 « 0049 e 004D «00%9 20033

0007 . 0058 20040 00034 $ 0037 $ 0039

s QN7 0058 s 0040 2« N034 ,NOTY 20039

s 007 00586 e 00H{ s 0034 « 07 s 0039

:021 s 0104 0« 0105 s0118 «eN132 e01do

«020 ,0142 00106 00119 00120 s0 134

019 0132 20120 e0109 «N122 L0130

0019 s 0133 e 0147 «0115 eN11Y L)

0018 0110 20110 01N e 0109 200990

2016 L0130 s 0100 #0099 W N10] W0110

010 ,013e6 W 0100 20090 01071 0114

«016 s0136 20100 s 0090 s N 101 o0114
HGR FOLLOWED BY HRR ARRAY (IM FEp?) a7 MTIMER 23
2e200 2.,2000 22000 204000 Pehing 2.R000 209000
3:%00 33,5000 3.5560 3.5000 33,5000 35000 33,5000

. XR VALUES(IDNT=2H) anm ¥R VALUES (InNT=7) AT “APTIMES

0009 e N0GY s00U6 L) YL 0058

0008 0052 2 N0GY sNOUY .N0UR W N0U7

« 007 0049 . NOSQ aN0UY 0017 cUUSY

s007 s 00467 00548 s 00U LN0UY «N033

2006 . 0035 20039 L0033 0036 0039

2000 W004U #0032 nOQEE s 007 0029

: 006 20044 s 0032 « 003 e NOTS s 0029

0 006 20044 «003%2 0032 2 N0 0029

2013 ,N063 «N07E NULES| 0002 s 0108

0012 20081 0073 W 00R2 NORY « 008G

w011 N082 20090 Ww00GTU s N0RY s 0099

0013 D084 20108 0085 ' ,0Q0R s 0008

o011 «00P6 s 0076 s 0068 0077 20088

e 0114 20086 s 0068 20068 e N0KY 0069

«01] 20086 0068 0068 « 0069 00069

e 011 0086 0068 e 0068 20069 .0069

194

22

23

49000

2.9000



L%, =

NN N NNNNSNC T

HGP FOLLOWED BY HAR ARRAY (N FEFT)H

1
3

Kg
Ke
Ka
K
Ke
Kg
Ke
Kg
Kz
Ks
Kz
Kg
K
Ks
g
K
Kg
Ke
Ke
Kz
Kz
Kg
Keg
Ke
Ks
K
Ke
Ke
Kg

aty MTIMER 2

&

0 2,1000

0

2u

300 13000 163000 te50MN $.7000 169000 2,100
e SN0 3.5000 33,5000 35000 3.5000 3,5000 3500
XR VALUESCIDNT=6) AND YR VALUES (In~Tz7) AT MARTIMESR
000 0030 000135 20040 00UY W0 (UG
e 006 20034 «0035 40038 20042 RV
2005 .0037 0037 e QU032 :003%p PRIV
s 005 S0044 2 0049 « 0030 RGN o038
$004 ,0026 20030 W 0029 S N033 W 0030
2 00U 0033 20024 s 002U W N027 s00e7
0004 20033 0024 s QU4 s 027 0027
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APPENDIX E

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

IDENTIFICATION OF GAGES
FOR
SABINE-CALCASIEU 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
C,7,b.
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ASTRU TIDE CALIBRATION FUR SaRINE=CALCASIEU AREA
"SABINE PASS TIDES USED AS INPUT
PERIOD OF RECORD= 0000 AUG,22 T 2400 AUG 2601973

CALEULATIONS aLLOW FOR SUReGRID SCALE CHANNELS AND BARRIERS

TIME SEQUENCES OF hﬂfER LEVEL AND FLOW ARE SAVED FOR THE FOLLOWING PLACES=
GAGE | SABINE PaASSe SOUTHwEST JETTY

GAGE 2 PORT ARTHURy CE AREA OFFICE

GAGE 3 NORTH SARINE LAKE

GAGE 4 BEAUMONT, NECHES RIVER AND RRAKES BaYOY

GAGE S ORANGE NAvValL STATION, SARINE RIVER

GAGE & CAMERONy CALCASTIEU Pass

GAGE 7 Wa(KBERRYs CALCASIEU RIVER AND PASS

GAGE 8 I.w,~, AT CALCASIEY LOCK, wEST

GAGE 9 L AKE CHARLESs CALCASIEU RIVER

FLOW | SABINE PaSS INFLOW

FLOW 2 CALCASIEU P85S INFLN«

FLOW 3 FLOw TQ NECHES RIVER FROM SABINE LAKE AND INTRACOASTAL WATERWAY
PLUW 4 EASTAaRrRD FLOw VIa INTRacOASTAL CANAL JUST EAST OF SABINE RIVEP

FLO% S FLOW 7O SaBINE RIVER FROM sABIQE LAKE AND INTRACOASTAL WATERwAY

ELO% b FLOw TQ CALCASIEU FTveR FROM CALCASTEU LAKE AND INTRACOASTAL W,
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CHANNEL QUTPUT FOR HOUR® %9 NYIME=s 450

ALL M VALUES IN FFET, ALL U VALUES IN CPS
K 1 J HX QXN QxXP kY aYN QyYe HE exT QxF ayTt oyf

CHANNEL REACH §

1 "8 1 «590  9ny18, 90908, 0,000 O 0, 518 0. 0, O [N
2 8 2 518 9a9ns, 90852, 0,000 . 0 0. L4us 0. O 0 0.
3 8 3 »445 90852, 90538, 2375 287013, =90538, $409 0. =0, 0o 3105,
4 7 3 0.000 0. 06 0,000 0 0, 2375 0, 0, [ 0,
L] 7 4 «375 87013, 87151, »338 @21560. =21809, «3ua 0., =809, 0. 0s
[ 6 4 0.000 0 0, 0,000 06 0, .338 0. 0. 0 0o
7 6 s «338 21560, 19164, 272 0. 0, 334 w2172, 04 0. 0,
[ 6 [ #3304 (9164, 18953, 2294 @2163. #2232, $328 0, 0, 0. De
9 b ? 2328 16121, 16507, «}178 7558, w7377, «319 0. [ 0 [
10 .7 7 0s.000 0% O <319 5448, 5e34, .332 0 G 0 0
'l 8 7 0.000 0 O .332 8214, 5033, W3us 0. O O Cs
12 8 A YT 8033, 4BuG, 2314 O [ 360 04 [ 0o Oy
13 9 8 0,000 0o Os o360 4Bud. 4065, 0373 0. O 0, O
14 9 9 W3T3 4668,  4693. 0,000 0, 0, »386 0. 0 0, 0s
18 9 10 3184 4493, 87¢, 0,000 Oe I8 3196 0, 3479, O O
16 9 i1 396 at23%5, =1296. 405 1343 1296, W801 0. O, O O
17 8 11 0:000 0. 0 w410 1375. 1343, L4058 0, 0 0 O
19 7 11 0,000 0o Qe 0,000 0o Qs W10 04 04 0 Oy
19 7 12 18 #1375, 1395, Y] 1404 1398, WUty 0, 0 04 0,
20 6 12 0.000 0, [ 422 e td4o4, WG48 0. 0 04 0s
2! 5 12 0,000 0, ' 0.000 O 0, 422 0, O O O
22 5 13 «422 otlbb, =ldfe. 0.000 O 0, D425 0, 04 Do Ca
23 8 1 2425 at4np, e1394, u3d2 1382, 1394, 429 0o 0. Os 0
24 4 14 d.000 0 [ 0,000 0 0, 432 [ 0 0 0o
2% 4 18 432 w1382, =1389, 0,000 0. 04 »439 [ 0 Qe Oe
26 5 15 2429 0o ' 2439 e1389, o33yb, WHg2 0. 'B Oy 0
27 5 16 eUd2 o134B, =1324, Lk 1297, 1324, LT O O O 0,
2n 4 16 439 Oe Qs 0,000 Oe 0, flu? Oe 0, O Oa
29 4 17 sUUT  wt297, s=1267, 431 12 ud, L] 0. 0. Oe 0
30 L] 17 wbuy O Oa «449 w1223, e1i97, U5 O O 04 0
3 5 18 WU5Y 21197, 21160, 453 1130 1160, 52 O, 0, 0 0
32 4 18 U4 " 0o 2452 Os ' 23] O Os Oe Ov
33 i 19 6453 o130, =1100. 0,000 0o [ 454 0e 0, O O
CHANNEL REACH 2 .
34 3 17 6,000 0 0, 0,000 [T 0, 451 0 0, 0o O
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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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WUKRICANE CARLA

CALIRRATION FOR SaRINE=CALCASIEU AREA

PERIGD OF RFCNRD= 0006 SEP 1o 7O 0000 SEP 134 190%

CoLCULATIONS ALLQO®

TImME
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE
GAGE

GAGE

FLOw

FLO™

SeLuUENCES OF ~ATER LEVEL aNp FLOD®

{f  S43Ii:F PASSe SCUTHaEST JETTY

2 PORT aKTRURe CE AREA OFFICE

3 NORTH SARINE LAKE

FGR SURaBRID SCALE CrAMMNELS AND RARRIERS

ARE SAVEDR FOR The FLOLLOWING PLACES

4 HBEAUMONTe NECHES RIVE® AND RRAKES BaAYOU

S  QRANGE NAVAL STATION, SABINE RIVER

6 CAMERONe CALCASIEU Pass

7 4FST EnD OF INTRAZCOQASTAL WATERwWAY

B SABIIE PaSSes COAST nUuarRD STATION

9 L4KF CHARLES, CaLCASIFU RIVER

{ SABINF PASS INFLOw

2 CALCASIEU PASS INFLNW
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WATER LEYEL mMYDPURRAPHS (FT) AND KEY FLOWS (1000 ¢FS)

HOUR 1 2 3 i ] [ 7 8 9 { ?
0,0 3,20 3,20 3,20 3,20 3.20 3.20 3,20 3.d0 3,20 0.00 0s00
1,0 4ol 3,08 3.6 9,27 3.25 4ol 3.,5% Ua5R 3,08 103,46 92,03
2.0 5617 3.42 3,15 1,30 3.24 LES-1)] 3,7% ol Ja1d thk.eR 128,51
3,0 54580 3,54 3.59 1,32 3.21 4067 3.8R 48R 2,97 132,56 171,46
4,0 9073 3,68 3.80 3,41 3.19 479 3,94 503 2.RE 160,98 199,86
560 5¢97 3,74 3,95 353 3017 b497% do00 S.2n 2e89 1TT.UR 216,70
6,0 620 3.99 dolo 3:69 3.20 5.08 4,19 5047 2,83 179.6k 233,63
760 bell C4e09 4ol6 3.8% 3.20 509 Go3R 5091 2,90 169,05 235,17
8,0 6e07 4,33 4.57 31,96 3.22 5003 4aB3 5.57 2.88 158,3% 233,57
9,0 6o dou3 4.73 412 3o2h 4497 4.70 5:59 291 143,54 231,81

1060 50,93 doph 4:92 Ua.2R 3639 ds9y Ue90 S.69 2,94 128,35 229,76

11,0 50R7 S.02 5.07 U ul 3439 doBh 4,97 5008 2,92 111.26 225,86

12,0 5480 5,01 521 U,6? 3,49 4s79 S¢3n 572 - 2.94 90.7h 223,02

13,0 593 5.14 5,34 U,82 3.62 4a8) 5.3% S.685 2.92 79,31 229.31

14,0 6407 5.23% 5,43 4,99 3,77 4o86 §e52 bs00 2.89 bU. 67 239,04

15,0 ©oph 5,34 5.56 5.1t 3.92 45973 5071 6015 2,85 55.39 2uB.26

16,0 6630 5,48 S.09 Belb 4o02 4598 5.87 b7y 2.R0 Ubbl 287,14

17.0 beul Se54 5.8% 5.2% HelS Uo95 ‘5,94 b.37 2,79 42.11 269,48

18,0 -1 5,64 5,48 5,30 o322 499 6408 bolU7 2,79 U2,%0 @R0.16

19,0 6all Se.72 telh 5,3 Yol 4a93 6alb bokh 2.RP 3u, 1R 282,00

20,0 630 5.80 .19 S0 4,58 4085 6,264 boty 2,91 e3.R2R 280,14

210 020 5,85 0.0 S.0u7 477 4albk 6o 17 bolin 3,0% 3,39 278.99

22,0 6513 5,80 b, 30 5.57 U, 9R Uebn o0l 6o 37 3.1 =21.15% 279.2%

23,0 6a07 5:90 bedt 5,68 5s1¢ 457 Hol® bed9 3,32 =Ud2,1R PRe.3"

ed,n beft §.9° 6,30 & o1 S.23% 4s51 boUR el .04 =53,90  2R4,92

25,0 600 5.96 0031 5,94 5037 4s88 6458 bedR 3.55 =27.87 293,24

26,0 6480 b.0b bl 6ol(b 5.6% 5400 681 beln 3.66 16,03 312,57

27,0 720 6,35 Da03 6o17 5.89 5.28 Ta07 707 3.82 TU.9h 330.2%

2R, 0 Teld 0,56 6,69 6o 32 6o 0# 5036 Telh Tels 3,9R 93.92 328,19

29,0 a7 671 6. 9U 6.57 6s08 535 Teun Tels Gy 99,89 322.78

30,0 Tean b hb 6,98 [ 6o 5033 T7:57 7.10 4s4R 92.34 317.6%

31,0 6ol 6,93 7.01 7.2P boli2 Se18 7.67 6:9n do2h 62,47 A0D, A5

32,0 6o 6,97 7.08 7. %0 b3} 494 A 6.7 U,36 Pledd 278,01

33,0 S.RN 6,98 To0P Toti? £o77 4e73% Te78 LS 4,08 =81,1% 285,06

34,0 5.9% 6,98 696 7.5 ol 4a77 T.70 -1 doebl =93,79 Php,nk

35,0 607 7.00 b2 Tt 6o B3 479 T.66 6oHA do bR w1 18,90 258,51

36,0 6220 7.07 .97 7.7 6,83 GaBR Toef 6sb6 4,71 =120:59 269,57

37,0 6233 71t 7405 7.1 6.89 4.9R 759 6: 74 6,72 112,30 275,h7

8,0 6,47 7.16 Tei9 7,78 Ta01 5,09 To6% [SPT'N Uo7k =9A,98 rRbeSe

39,0 Bebh 7.32 T7.38 T.9N 7023 518 771 6.9 489 =FN,ES 224,90

40,0 5e3% 7,48 7653 R, 0% Teu2 5.1 7.79 6s%0 S.08  =80,35 290,06

61,0 be07 7.56 Tob0 R, 17 7.51 5.0% 7.92 sty BePP »109,32 279,29

42,0 SeAQ T.56 759 A3 Te65 4e9u 797 bobR 5,00 101,29 267421

43,0 5:30 7.57 759 Boup TaT8 belh 8,00 bol7 Sl =1TR T2 2670317

44,0 GoRN 7.58% Tet? P51 7.89 beBy B, holll 5,02 =223,01 229,47

45,0 o0 Te52 Tob?2 Bobt 798 Gogll 7,98 0,07 Yol @209,28 210,07

- dsu0 7.53 T.60 .73 6s02 Uotl Te02 605 5,00 =263.19 208,77

47,0 4e50 7455 Tat) Ry RU 8o0b hol3 7.82 CERR B.u@ m261,43 21U,nn

48,0 dob 799 T.6A 8,95 8013 4509 774 weld Set]l =2U0.3%0 221,54

49,0 4oBT 7,672 T.7% $,07 Bs24 Uo2? 757 6081 5.41 =220.,05 2%4.07

50,0 Setd 7.65 Te17 g, 20 8937 e 3B 73R 0l S,43 =180,50 255,91

51,0 Sean 7,70 Ta87 9,31 B.56 4s56 “Te21 bolh 5,047 =175,81 277415

52.0 Bet7 T.71 T.914 q.u? Be80 doHt 7.0% bady 5:53 a3 R2,30 274,94

53,0 GoQ3 T.h09 781 Q.59 Ba82 d4oll 6,98 bolu 5.63 »196,34 2h1.53

54,0 4s70 7.63 7e63 9,87 8481 Hali®) 0,92 598 5.70 »210,66 264276

55,0 Ba29 7.57 790 9.5% 6.72 Uaph b BR 587 579 250,55 217607

56,0 3.70 T.u7 Toldb 9,40 8.67 botd 6.61 Se2t 5:90 w2h7,089 177,37

57.0 3ap0 7638 T.39 9,27 8,69 3,93 ba.25 5,908 be1d =276&,5) {3ce7h

58,0 3003 7.30 T7.87 9,17 6,79 3685 5.97 4e99 bold =266eb3 102,29

59,0 2eA7 Tolb Ta04 9,06 8.85 3.91 5,84 dolt 6,69 =266,28 Skefn
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Craniby LyTPUT FOR wovas 39 NTIHEE 450

ALL = vELUES In FEET, ALL 0 VALUES In CFS

X 1 J ny Cxn axp rY QYN pYe KC XY QxF (32 GYF

CHANNEL REACR |

1 -8 ' 7090 Qrpjup, 94789, 3,200 D G. 7,039 =251u%, =23084, [ [+2Y
2 8 2 T.039 9-785, G5532, 3,200 O 0, 7,071 =uBu02, =5286%, [ Co
3 8 3 To07TY eEByp, 12817G. Tol56a115u27.21268170, 7,101 =52801, =81663. 32926, 61853,
u 7 3 3,200 0. [ 3,200 [ 0, 7,156 0. 0, Co [
g 7 A Te1Se 11%e37, 50525, 7,162 =81445:=100131, 7,191 =55840, =262, oul157, =2%058,
[ 6 [ 3,200 ny Qe 3,200 0o 0, Toele2 [ 0. 0o Oe
7 [ S Telt2 Rtous, T0369. 7147 0 0, 7,135 «a¥279, =3603E, ¢ [
8 6 * 74135  T0360, 673585, 7,167 =3989, =78c5, 7,077 245007, =42C%6, 16013, 19912,
e L) 7 Te070 5054y, 63865, 7.09¢0 602s =35s2, 6,956 =cu978, »45653, 3IU1T3, 38289,
10 7 7 3.200 [ 0. 6,958 afuBuT. =15§32, 6,906 0o 0, [ Oe
11 8 7 3,200 A, [ 6,906 wiK132, =154Qu, 6,857 0. [ Ceo 0o
12 8 ) £.857 21840, =15862. 3,390 Co 0, 6,877 0, [ 0o 0o
13 9 Ao 3200 o Gs  6,RTT =158p2. ©16177, 6,832 0, 0, 0s [
14 Q 9 beR12 =mip)77, wjtulb, 3,2u0 O ' 6,807 [/ [ O« Os
1% 9 18 boRe7 wisu2B, =72114 3,200 O 0. 6,863 0, =950b, Go 0o
16 9 11 50863 w429% 2074, 6,925 =87uu. =2074, 6,887 292762, =9930%, O9R13f, 91328,
17 8 i 3.200 Co O 5,958 ofuuRS. =B8744, 6,925 L [ ey =591be
18 7 11 3,200 0, 0, 3,200 0 0, 6,958 0, 0, [ 0o
19 7 12 bo95R  YuuBS, 18298, 6,99 ©1891G, =182Q8, 5,970 =33927, «37898, 25€B0, 25087,
20 [ 12 3.200 Do 0c 6,997 =19635, =18919, 6,989 0. 0, 0. =926
21 5 12 3,200 [\ 0. 3,200 0. 0, 6,997 [ [ [ 0o
22 5 13 £.997 40p35, 20364 3,200 Ce Oe 6,987 [ =976, 0o Oe
23 5 14 65967 nlbu, 22691 6:901 @22p570 =22b01, £,976 =u5761, =uB43T7, 3919, 38930,
2u u ju 3,200 [N 0. 3,200 0 0 6,981 0. [ 04 0
25 4 15 €.981 22657, 20184, 3,200 0 Go 6,874 ' 2270, [ [N
26 5 15 6497 0s O 6,876 201Rys 18747, 6.8ub 0. 6., 29302, 30322,
27 5 je boBue  1ETUT, 15432e boRuU = uQuls ,=15432, 6,845 17510, 20478, ©92, Os
28 4 16 5,870 0o Oe 3,200 Oe Oa 6,804 0, 3% Co [
29 'l 17 boBUL  JuQup, 629, 6.Bb3 «312. akbb, 6,800 010055, s O 0o -
30 S 17 beBLS 0 Uo [T 173, 130, 6,811 0, Ce 0o 0o
39 s 1R ©.811 «1%0. 539, b, B39 BUbe 539, 6,818 Co Co O Qe
32 4 18 bs 860 [\ Do boB806 Go 04 6,838 [ [ [0 [N
33 wy 19 6.£39 eBUt, =1152s 3,200 Cs 0, 6,847 G, 0. 0s Qe
CHANYEL REACH 2
34 3 17 3,200 0, 0, 3,2u0 0o 0, 6,863 0, 0, Do Oo
L1 3 18 beBol 312 174, 6,R%2 wR5, =174, 6,866 [ [ 0o Ce
36 @2 18 3,200 Bo 0.  6.923 te =85, 6,897 0, 0, [ Co
CHMANNEL GRACw 3
37 10 10 3,200 Co Vo 6,803 =2015, =208, 6,795 0. 0, 53830, 51051,
38 11 10 3.290 0o L 6.795 w246, 2188, 6,720 0 0. 2uB9T, 22383,
39 12 10 3,200 0o [\ e.72¢ 21RB, 4322, 6,617 Qe 0. 36785, 37510, .
40 12 11 .817 usze, 6076, b,7¢1 5013, 87ub, 6,618 w3837, =25233, =Q187. =1297],
u1 13 14 3200 [ 0, boh18 JURD4, 16083, 6,636 0 G, 26771, 2u83¢,
u2 14 11 3,200 0. [ b.u36 15083, 17614, 6,221 0o 0, ©@R001, Q70UB.
43 14 12 £.220 w1396, <1739, 6,235 653, 1709, 6,227 85475, B5T11, 17485, 16328,
q4d 13 12 b,uls Qo Do 3,200 0o O, 6,235 0o 0, Oe Oe
us 13 13 £.238  LeR3, =252, 3,200 0o 0. 6,230 0, =518, 0. 05
ub 1o 13 £.222 [ Os 6,230 =252 b, 6,204 0. 0, 689, Oe
u? te ju Be20u 2%, =ltbo. 3,200 0. 0. 6,222 Q. 1812, 0o 06
aR 15 14 3,20n N Go 6,222 =1Eb6. =265, 6,191 0, 0, 10278, 10285,
u9 15 1% £4191 2165, =1245, 6,255 930« 120%, 6.207 1161, 0. 470, Oe
50 14 15 6.222 Do [ 31,200 0. 0. 6,235 0, 0, 0. 06
51 14 16 £.2358 =936, =1§13, 3,200 0s 0o ba24S O O Qe Oe
52 U 17 54245 w1113, =132%. 3,200 Go 0o 6,259 O, [US 0o Oe
53 18 {8 54259 01325, eidul, 3,200 [ 0, 6,309 0a 0, 0s 0o
sS4 EYY’] 19 52309 eyuu0, =1560. 3,200 Do 0, 6,37% [ 0, 0 Oq
CHANNEL RE&C™ 4
°86 11 19 o720 Co 0, 3, ec0 0o [V 6.72¢ Oe e 0o Oa
56 11 12 be721 oR033, wb0b, 6,768 172. 006, 6,750 0, =4u08, 361, Ou -
57 10 12 3.200 [ 0o 3,200 Ce 0 6,788 0. 0, [ 0e
58 10 13 b TEB w172, aB2 6,829 b e, 6,804 G, 0. Os 0o
5% Q 1% 3,200 ‘B D 3,200 'S 0, 6,829 [ 0o Oe Oa
60 w9 14 [ TLril 236, 0a 3,200 0, Qs 6,840 Oe Oe 0. X
CranhEL REACH &
6 15 11 3,200 0. 0, 6,221 190106, 17622, 5,95% 0. O [ 1298,
62 16 IR Y.200 O Oe 5,953 17kp2e 5800, 5,692 06" Q. Ov 171te
63 17 11 3.200 0o O S.6%2 15806 15608, 8,417 0, 0, 05 0o
64 18 1 3.200 ' O $.437 §SbuB,s 15512, 5,182 [ 0, O O
6% 19 18 45729 wi2ikn, =15395, 5,182 15512, 15308, 4,927 0, 2942, 0o Oe
b6 19 10 3.2¢n Go O 3,280 0 0, 6,729 0. [\ 06 0o
67 20 10 31,200 5o v 4,729 12u460. 12246, 4,566 O ' 0. 117,
68 21 10 1.200 [ Oe U,5ub  220be 46y7, d,uy19 O Co O 7718,
6% 22 10 3.200 0o O boul9 4617 4S5, 4,327 0 0, 0o O
79 23 10 w192 s304, 5173, 40327 4591, 7738, 4,206 0. [ s =3d00.
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CHANNEL REACH

71 =22 1
72 23 H
73 23 2
T4 22 2
75 22 3
6 22 4
17 22 L
78 23 s
79 23 6
&o 23 b
&1 el ]
¥4 el G
€3 24 9
&u 24 10
8% ed i1
86 a4 12
87 zu 13
&8 2% 13
&9 2% 14
90 26 14
91 27 1o
92 27 15
93 =28 15

CrenNEL REACH 7

Q4 25 10
98 26 10
98 26 9
97 2? ¢
<8 27 R
9Q w28 a

C<annEL REACK 8

io0 e 4
1ol 2 “
102 3 U
103 3 5
tou u S
108 S s
106 5 ]
107 5 7
108 5 8
109 u [
110 4 e
111 3 9
112 3 8
113 2 8
114 L3} 8
CHRANNEL REACH @

118 3 ie
116 2 10
117 2 i1
118 v? 1e
CHANNEL REACH 1§10

119 6 8
120 e? 8
CHANNEL REACH 13

121 -7 5

T 000 317527, 335432,
3.200 De Co
Se330  GOREY, 452hu,
buCt2 221125, 181204,
54138 71616, 136769,
UsTHE 134769, 91854,
U3k Quasg, 62018,
3e200 [ N
Ge214 53652, LHELD.
Y205 4kBOL, H1430s
Ga2C3  wrale, 41319,
Ye199 a13ge, 31E1é4,
3.20n Ce Oe
Ge)49 qR3UI, 11786,
oty 333, bLEZ,
Y183 RURY, 3347,
o206 (38T, 12997,
3.200 [ Qe
4s200 y266u, 10008,
3,200 [ Ce
3,200 L\ ‘N
LEREL elUb2, cof3,
Y.200 O O
3,200 0, U
34608 29003, =13328.
3200 [ O
3,459 =200s ©5u435,
3,200 O 0
3,230 [ 0o
3.200 [ Qs
J.200 Ca O
3.200 ry G
7,392 Seft. 4p2i.
J.201 B Ge
3.2u0 Do (VN
Tatu? w2uk, =398%,
T.187 [ Oe
T+09n w80, «%247,
3,200 [ Qe
Te24t  aupl¥. =3041.
TedSe 3587, 6918,
3,200 De Oa
3.200 Ge e
3.200 De Qe
T.412 &r22, 10088,
3,200 [N G
7.2¢8 =97y, 2157,
Te2%6 2157, 0o
64956 75180, 8077,
6a%06 Co O
7,198 =30pre, «53478,

VOLUFE OF #<AYER LRCVE

vSL =
(Twg SkarsnD RL«S TwFy JE

3,200

€002 114307,

54138
3.2v0
3,200
3.200
3.200
4,265
3,200
3.200
3,200
3,200
Lat¥2
L.200
3,200
3.200
3,200
k,225
3,200
u,220
da1Ye
3.2090
G,1bu

L, 10y
3.928
3,200
3,8¢R
3.200
3,u59

7,603
7.573
T.uo?
3,200
7,385
7.2009
3,200
3.2v0
Te2ud
T.256
T.u12
3,200
7,599
T.732
TeRuy

7,288
3,200
3,200
3,200

7,135

1d6ks,
13275,

0o
Q603
[
296,

«5073,
0,
Oe
[

0.
6RO

O

162256,6 MILLICNS OF LU

2 ARE EXCLUDED)

216

4713,
6561,
Se27,

.
3348,
“2u8,

seuT, .

041,

3557,
229,
270,

«§0088,
0,
O,
0.

Q,
7846y,

bo,062 =14}111, »32523, Oa Os
S.334 O D, 32077, 47784,
S.072 9258, 67256, %2334, 138703,
5:135 0, &1703, Cs 0s
6,768 0, 36195, Oe 0
6,318 =276%6, 19793, G O
G, 085=1216862, =92306, Os O
4,21y O Ds 91177, 100122,
4,205 w=b737, 0, 0 O
0,201 =5363, 04 0, O
4,199 [ % Oe [N
4,192 w9464, 0. Qe Oe
4,149 'R ¢, =14730, w6813,
U, 168 =30437, «27870, 23952, 27297,
G,18% uat, [ Oa Oa
4,206 T214, [ [ Os
4,225 0. [N Os O
L,o04 0, O Oe O
4,220 Oa 1897, Os Oe
U, 196 [UN 0, 3524, Oe
4,168 [ 0, =7162,. 04
u, {84 Co 0. O O
4,155 G. 0. O Oy
3,928 0, 0, =1305, 0
3,736 =§1671, 10231, =1907, Os
3,608 [ 0o O Oe
3,5ce ~5108, 0., $3392, 17490,
3,059 0. O O 0
3,397 0. 0, O O
7,573 0. 0, 18851, 13965,
LTS 0. Go gubS0, 22509,
7,352 “Oe G, 25098, 2%8U5,
7385 225299, =24380, 0y Oe
72269 0. O, 220611e 23746,
T Iu? O, Co 32412, 35£83,
T 167 =21252, =17eNs, Oe Ge
T.080 G Oa 0o
7,153 28979, 34510, edodh, 62858,
T.200 0, Oa Oa Oe
7,305 =32403, =34062, 8351, 5303,
T,dt2 =u202C, »45536, Oe 0s
T, 456 0, 0o »35191, =38636,
7,599 O 0. Oe 0
7,732 G Co 5977, 5704,
. 7,325 0. «3453, Ce 4156
7,268 0. " O O Qe
T.256 28 3805, 0 O
7,268 0, 2082, Oe Ce
b,u2% 12E09, 20123, O [
3.39n 0, I 3729, 7978,
7,239 289976, 275915, 0. 0



CRANWEL REACK

CHANNEL REACW

34
3%
36

LHANNEL REACH

37
38
39
40
L3]
u2
us
ua
(%]
ué
u?
U8
ug

Cratv~EL KREACHW

55
56
57
58
59
60

CHANNEL REACH

CroatvEL GUTPLY FL® “0UFe 40

a
EEVMCECEVIVIE C NN I IFPOOOODDAC TG A4 ®ED

3
3
2

14
11

10.

10
L

-6

Al » vELUES Tn FEET,

i

2

3

']

5

DB BW L AT SR AN e

2,70re277231,
3.501278172,
Ge€cleT8une,
3,2¢n t.
S, E2a106730,
3e20n [
5.73301179%2,
be(2ueftt3ra,
6.UZT «QRyGY,
3.200 LS
3.200 0.
T+013 «208633,
3,240 O
Tel20r wpRYNE,
TO1ER a28221,
7,269 »0u792,

3200 0,
3,200 [Ny
TeT70 wa3(?3,
3.2C0 0o

3,200 O
Be19t au22Ry,
2319 w1917,
3,200 N
8¢513 237275,

8,439 Go
8,992 237260,
8,919 04

94199 3butb.
S.06% 0o
9,u98 26322,
95300 P
S.00% wy1582,

3,200 [
94097 %000,
3,200 0o
3,2u0 fy
3,290 0o
3.200 O
Tabof, «1n32%,
3.200 0.
3,200 O
7,951 =16586,
T.872 9,

8,310 w17062,
8ot [
B.72% wiRgte,
3,200 [
€.963 sy7RU2,
XYY 0,
Q298 0yu524,
9.5%0 =y3779,
2,572 w813y,
9:936 2872,

7.398 0,
7,889 a11RY3,
3,200 0,
74780 8974,
3.200 O
84074 w39,
3,200 0,
3,200 Oe
3,200 0o
3.200 .
60711 =gQuuy,
3,200 O
3,200 0
3,200 Oe
3.200

0.
62080 ~308UE,

-275172,
2275006,
-31€337,

0.
=279740,
O
w113302.
wiitu¥8,
.102759,
[

0.
=17634,

Qo
»} 8778,

O
=39759,

ALL O VALUES IN CFS

ny GYN
3,200 Oe
3.200

0
5,002 303734,
3,260 0.
S.733 117952,
3,200 0
6,338 Co
6,506 4386
7.273 21320
6,025 «3fbtus
0,971 230098,
T.6%8 [
T.hBe w2977,
3,200 0o
3,200 0
T.be7  GLuBHYs
To7T4  43023s
3.2¢0 L.
E.092 41731,
B,191 w2zel.

3,200 [
3.200 0o
8,513 37275,
3.200 06
3.200 Oo

8,919 =3e206,
9,199 36ute.
3,200 0
9,uy? S5¢hAD.
9,360 w2R527,
9005 J1582,

9,676 G
3.200 Oe
3,200 2,
S,u0% Tho
F,uu9 0

7.269 =235,
7.297 =306%.
7,398 wbu2da
7,889 11813,
T.792 wl2u9.
T.872 %629,
8,310 17062.

3,200 0.
3,200 0
B,887 wyTB3us
3,200 Ga

8,836 ={B778,
9,298 1452us

3.200 Oe
3,200 O
3,200 0e
3,200 Ce
3.200 0.
3,200 .
7.760  89%4,
3,200 O
B.0T4 39
3.200 0
3.200 o

7.9514 96RB,
7,948 12726,
T.877 17818,
7.726 211120
T.803 27935,
3,200 Do
6,711 19uuy.
6.599  {usR2,
b,Udl 126300
6319 126680
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avYp

0,
2593,
T4,

12726,
17838,
21112,
27915,
28040,

O,
14552,
12630,
12068,
15476,

NTIMFx 900

KC

3,509
4,223
4,114
5,082
5,500
5,733
b,020
6,423
6.925
6,971
T.013
7,086
7.120

7,188

7.269
P, 469
T.627
7.7
7,957
a,0692
R,191¢
&,319
R,u39
R,513
8,919
A,992
9,0R8
9,199
9,380
9,us9s
9,578
9,605
Q,652

9,007
a,u76
9,665

7.297
7,398
7,660
7,792
7,872
7,951
A, 18l
8,310
8,527
A, 721
8,836
8,96%
9,410
q,2%8
9,596
9,572
9,936
10,0620

7,889
1.822
7,780
7,999
8,076
8,169

T,9u8
7,877
T.726
7,683
7.093
LI3AR!
6,559
T
6,319
6,159

(A GYF

0a O

0. 0

G, =15033,

[ Oe
24313, 15000,
O 0

O»
»5365, =13573,
«13725, =174b1,

0. O
Oe Oe
Oe Do
05 Os
O Oe
0 0
*71343, «720U8,
0 =167bs
0 Qe

Os O
O Os
«39092. =41698,
Oa [
D Ce

=6B8882, ~67585,
=35893, «36108.
O O

0. =3208,
20998, «23SR0,
3845, =3257.
Ow Os

O Oe

O O
={7B8, =iU}BY,
b Oe

1e2328,2159306.
165598 ,=1u1987,
12059, 16321,
13747, 15693,
Bugt, 10050
=GS164. =93782,
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