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PREFACE 

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

The report was prepared by Robert 0. Reid, Andrew C. Vastano, and 
Thomas J. Reid, Coastal Studies, Inc., who are also on the staff of the 
Department of Oceanography, Texas A & M University, College Station, 
Texas, under CERC Contract No.DACW64-74-C-0015 to the U.S. Army Engineer 
District, Galveston. 

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

G. Marinos was the Galveston District contract monitor for the report 
under the general superv1s1on of S. Tanner, Chief, Coastal Planning 
Section. Dr. Jon Hubertz was the CERC technical monitor of the report 
under the general supervision of Dr. D.L. Harris, Chief, Coastal Ocean-
ography Branch, Research Division. 

Comments on this publication are invited. 

Approved for publication in accordance with Public Law 166, 79th 
Congress, approved 31 July 1945, as supplemented by Public Law 172, 
88th Congress, approved 7 November 1963. 
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Commander and Director 
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) 
UNITS OF MEASUREMENT 

U.S. customary units of measure:nent used in this report can be converted 
to mctrjc (SI) units as follows: 

Multiply 

inches 

square inches 
cubic inches 

feet 

square feet 
cubic feet 

yards 
square yards 
cubic yards 

miles 
square miles 

knots 

acres 

foot-pounds 

millibars 

otmces 

poW1ds 

ton, lone 

ton, short 

degrees (angle) 

Fahrenhci t degrees 

by 

25.4 
2.54 
6.452 

16. 39 

30.48 
0.3048 
0.0929 
0.0283 

0.9144 
o. 836 
o. 7646 

1.6093 
259.0 

1.8532 

0.4047 

1. 3558 

1.0197 

28. 35 

453.6 
0.4536 . 
1.0160 

0.9072 

0.1745 

5/9 

X 10-3 

millimeters 
centimeters 

To· obtain 

square centimeters 
cubic centimeters 

centimeters 
meters 
square meters 
cubic meters 

meters 
square meters 
cubic meters 

kilometers 
hectares 

kilometers per hour 

hectares 

newton meters 

kilograms per square centimeter 

grams 

grams 
kilograms 

metric tons 

metric tons 

radians 

Celsius degrees or Kelvins 1 
:.s:a:.:- = =====-====~=-=-==== 1To obtafo Celsius (C) temperature readings from Pahrcnhcit (F) readings, 

use formula: C = (5/9) (F -32). 
To obtain Kcl vin (K) readings, use formula: K = (S/9) (F -32) + 273.15. 
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SYMBOLS AND DEFINITIONS 

A cross-sectional area of a channel 

Ab effective surface area of a block 

Ac cross-sectional area of a channel 

As surface area of an estuary at MSL 

a0 amplitude of input tide to an estuary 

B 8/3w m(Asw) 2 a0 , a parameter which determines the phase lag of 
tidal response in an estuary 

BN right-hand side of equation (48) 

BP right-hand side of equation (46) 

b (aA/as)H const., a characteristic of a channel 

Cd dimensionless discharge coefficient characterizing a constricted 
opening between bay and sea 

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

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

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

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

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

Db depth of water over the crest of a barrier 

De effective depth of a channel Ac/w 

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

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

f dimensionless bed resistance coefficient for blocks 

fc channel bed friction coefficient 

II 



G 

g 

H 

SYMBOLS AND DEFINITIONS--Continued 

damping factor for channels, see equation (44) 

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

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

acceleration due to gravity 

water level elevation relative to local MSL datum 

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 

HA II at point B in a channel 

Hb water level on the high side of a barrier 

H0 input tide level at time t outside a bay entrance 
0 

H (i ,j) water level anomaly H for block identified by x and Y 
indexes i,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 

Hp new H value at point P in channel 

i 

j 

K 

L 

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

x-index for grid blocks 

y-index for grid blocks 

dimensionless wind-stress coefficient, equation (6) 

effective fetch length 

12 



m 

N 

n 

p 

Q 

Q 

QCXPK 

QCYNK 

QCYPK 

QCXNK 

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/gDcAt or l/g(CdAci) 2 

denotes negative characteristic 

time index 

wind "push" term X6t or YM; 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 

QA Q at point A of positive characteristic 

QB Q at point B of negative characteristic 

Q' 

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 

QN new Q at point N 
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SYMBOLS AND DEFINITIONS--Continued 

Qp new Q at point P 

Q} specified river discharge 

R rainfall rate 

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

r relative amplitude response 

s distance along the axis of a channel 

T tidal period 

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

t 

u 

UCF(K) 

UCT(K) 

or 

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

time 

vertically integrated x-component of volume transport per 
unit width 

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

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

UN U value on left side of block 

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

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

u 

U' 

V 

VCF(K) 

typical fluid speed in the bay 

value of U at new time level 

vertically integrated y component of volume transport per 
unit width 

lateral transport per unit width per unit time, nominally from 
any-channel of block K to an adjacent block; also denoted 
VCFK 
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VCT(K) 

SYMBOLS AND DEFINITIONS--Continued 

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

VN1 value of V at the lower side of a block 

V (i ,j) 

V(i,j+l) 

v• 
w 

w 

X 

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

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

value of V at new time level 

winds peed 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 

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

X 

y 

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 

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

y 

z 

Z(i,j) 

horizontal Cartesian coordinate nominally normal to shore, 
positive landward 

elevation of the seabed relative to MSL datum . 
value of Z for block i,j 

Zb barrier crest elevation 

Zc channel bed elevation 

CL 
t, 

(gD)'2 f).t/ M (Courant number); also Lc/DcAc, equation (77) 

f).H a head differential dependent upon barrier type 

f).q net lateral flow to the channel per unit length of channel 
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SYMBOLS AND DEFINITIONS--Continued 

ts grid size for blocks (distance between successive H values 
in both the x and y directions); also written 6S or DELS 

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

e 

'II' 

0 

w 

the angle between the wind velocity vector and the x-axis 
- I w (gD)~/G 

3.14159 ••• 

wf /Q j/A2 

latitude 

absolute.angular speed of the earth 

radian frequency 2tr/T 
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DEVELOPMENT OF SURGE II PROGRAM WITH APPLICATION TO THE 
SABINE-CALCASIEU AREA FOR HURRICANE CARLA AND DESIGN HURRICANES 

by 
Roberto. 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 nWJDer of bay models eme1ged. 
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 propet 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 surroW1ded 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 groW1d through necessary subgrid scale topo-
graphic features has required an extension of the basic algorithm. 

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

II. THEORETICAL DEVELOPMENT FOR SURGE II 

1. Summary of Two-Dimensional Theory. 

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

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

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

au+ gD aH = X - fqUD-2 at ax (1) 

av+ gD clH = y _ fqVD-2 
clt cly 

(2) 

(3) 
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where 

x and y = horizontal Cartesian coordinates; 

t = time; 

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

g = gravity; 

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

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

q = magnitude of the transport per unit width; 

f = dimensionless bed-resistance coefficient; 

R = rainfall rate; 

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

Normal values of f are in the range 10- 3 to 10- 2 for typical seabed 
conditions. 

The value of q is obtained from U and V by 

q = cu2 + v2/2 

which is a positive quantity. 

(4) 

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

X = K W2 cos 8 

Y = K w2 si·n 8 , (5) 

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

for W > W , 
- C 

(6) 



where the constants K1 and K2 are taken as 1.2 x 10-6 and 1.8 x 10-6 , 
respectively, 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 10-6 which corresponds to a resistance coefficient of about 
3.0 x 10- 3 if the ratio of air density to water density is taken as 
1.2 X 10- 3• 

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 heavr rainfall, the resulting K is increased about 10 per-
cent. 

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

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

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

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

In general, the boundary between bay water and land depends on the 
water elevation and the land topography. The shoreline for different 
uniform elevations of the surface of the bay is readily established from 
a knowledge of the topography. For a bay with low-lying terrain, the 
rate of increase of surface area of water per unit increase of water 
level can be considerable. In the actual rising stage of storm tide the 
amount of inundation is controlled by the rate at which the water can 
flow into the potential ponding areas. In the present scheme, which uses 
a representation of the bay in terms of a discrete grid, the elevation of 
the seabed or land is regarded as uniform over each grid square, thus 
forming a two-dimensional, stairstep-type approximation of the actual 
topography. The boundary condition on the normal component of flow, qn, 
at the juncture of a flooded square and a dry square is taken as 
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q = 0 n , (8) 

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

(9) 

where Dt, is water depth over the crest of the barrier, and C0 is an 
appropriate dimensionless overflow coefficient, generally less than 0.5 
for a broad-crested barrier. The choice of sign depends on whether the 
flooding is from bay to land or from flooded land back to the bay during 
the recession stage. 

Equation (9) is considered valid for any barrier within or at the 
bowtdary of the system for which the water level on one side of the 
barrier is great~r than the barrier crest elevation, Zb, and for which 
the water level on the other side is less than Zb. Moreover, Dt, is 
simply Hb - Zb, where Hb is the water level on the high side. 

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

(10) 

where Dt, is the water depth over the crest of the barrier, H1 and H2 
are the water levels on the two sides of the barrier (both of which exceed 
Zb), and Cs is an appropriate dimensionless discharge coefficient for 
the submerged barrier (generally less than fl). In this case, Dt, is 
taken as (H1 + H2)/2 - Zb• 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 bowtdary 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 bowtdary condition for the bay. 
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The simplest condition at the seaward boundary is of the form 

(11) 

where Hg is the prescribed water level which would exist in the absence 
of the bay at time t at the outer boundary of the bay system. SURGE II 
presently uses this condition at the seaward boundary and at lateral 
boundaries on the limited shelf part of the system. An alternative con-
dition for the lateral boundaries on the shelf is to prescribe that 
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 

(12) 

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

b. 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, Hg, should be reason-
ably insensitive to the nature of the initial conditions after a suitable 
lapse of time from the initial state. Thus, the initial conditions can 
be somewhat arbitrazy. As in the laboratory model experiments, it is 
reasonable to start from a state of equilibrium in which U and V are 
zero and H is uniform throughout the system, in order to minimize the 
introduction of transient oscillations related to the starting conditions. 
Moreover, a reasonable period (depending on the characteristic decay time) 
can be allowed for the system to reach that state where its response re-
flects only the effect of the forcing functions. 

2. Theory of Embedded Channels. 

Let s denote distance along the axis of a channel whose cross-
sectional area is A and surface width is w at position s and time 
t. Let Q be the volume transport through A in the positive sense of 
s, and let H be the water elevation above MSL datum at the same section. 
In general, A and w are known functions of H for a given cross sec-
tion, as determined by the geometry of the cross section (Fig. 1). In 
particular, 3A/3H = w for given s. The width w is to be the "convey-
ance" width, as used by Dronkers ( 1964). 

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

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) 

!!t + L CQ2 / A) + gA aa = wT - oQ + L at as as s m 

where 

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

o = wflQI/A2 where f is a dimensionless channel-friction 
coefficient; 

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

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

(13) 

(14) 

The uni ts of Lf are square feet per second; Lro has the uni ts cubic 
feet per second squared. 

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

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

aA aH -=w-ot at 

3A = w 3H + b as as J 

where 
b = (aA) 

- asJH const . 

(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 

(15) 

(16) 

f + w(-1 + ~j :: = {wrs - aQ + Lm + b (1) 20
+ (-1 + ~)Lf} (17) 

along the path s(t) where 

ds = 9_ + /iK,. 
dt A- w 

(18) 

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

C 

¼. 

Figure 2. Schematic positive and negative characteristic paths 
to a common point in the x, t diagram. 
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with the lower sign applies on path N. Thus, information with regard 
to Q and H at points xA and x8 at time t and along the two 
paths can, in principle, be used to predict the values of Q and H 
at point C from two equations. 

For a laterally closed channel (Lf, Lm = 0) of a uniform cross section 
(b = 0) without friction (a= 0), in the absence of wind stress (Ts= 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. 

d (DU) + (- u + /go) dD = O 
dt dt (19) 

along 

ds 
dt = u + vgD. (20) 

Equation ( 19) simplifies further to 

wD dd (u + 2 /go) = 0 . 
t -

(21) 

Thus, for this special case 
dx/dt = u + Igo, while (u -
u - Igo. Thus , u and D 
at C. 

(u + 2/go) is conserved along P where 
2v'g0) is conserved along N where dx/dt = 
(hence, Q and H) can readily be evaluated 

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-hanq side of equation (17) in the simple form 
shown in equation (21). 

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

(22) 

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

L = q. u. - q u, m 1. 1. o o 
(23) 
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the transfer from rainfall being included in the wind-stress term as 
discussed in Section 11,1. In equation (23) the quantity Uo is 
simply Q/A for the channel while is the channel-directed com-
ponent of velocity of fluid from the adjoining block water area. In 
equation (17) the terms Lm and Lf contribute to the right-hand side 
the quantity, 

(24) 

Using equations (22) and (23) yields 

FL = qi (ui - uo) - wRuo + r~ra (qi - qo + 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 the above equations. For normal conditions, the propagational 
speed (gA/w)½ significantly exceeds the speeds Ui or tJoj i.e., Q/A. 
Accordingly, F is approximated by 

FL = ± (~fa Lf. (26) 

Elsewhere in equations (17) and (18), 
(gA/w)½. Moreover, each channel reach 
of uniform width and bottom elevation 
from one reach to another. Thus, b = 

Q/A is neglected compared with 
within a grid block is considered 
Zc; however, w and Zc vary 
0 for each reach and 

A/w = D = H - Zc. 

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

along 
ds r= - = + vgD dt -

where Ts= X or Y ass= x or y, depending on channel orientation. 
tion (28) can also be expressed in the form, 
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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 ,'go' in the above approximate 
channel equations is tantamount to neglect of longitudinal advection of 
momentwn in the original equation (13), an approximation already made in 
the two-dimensional equations in Section II, 1. 

III. 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 essential1y as discussed by Reid and Bodine (1968) except for 
a change in the barrier computation and incorporation of coupling with 
the subgrid scale channels. 

1. Block Algorithm. 

In the nwnerical analog of the prognostic equations (1), (2), and 
(3), values of H are evaluated on a uniform Cartesian mesh at spacing, 
8s, for uniform time steps, 8t. The values of H are representative 
of the water level for the grid square i, j which is centered at 
x = (i - 1/2) 8s, y = (j - 1/2) 8s, at time n8t, 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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CJ +1 )As .------t V i------------1 V t-----
BLOCK I .j+l BLOCK 1 +1,j+l 

u ® u ® u 

y t J.6 s .------1 V 1-------1-----4 V i------i 

BLOCK 1.J BLOCK I +1.J 

u ® u ® u 

c .. ,-1 )As -----+ V i-----------1 V ,,_ __ __ 
( 1-1 ).6.s J .6.s -X 

( I +1 ).6.s 

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 Rat locations shown in Figure 4 for a typical 
calculation. In the present application a common value of R for given 
time is used for the whole spatial array. The following notation is used 
in the recursion equations: H(i,j) represents H centered in block 
i, j at t = nAt; U(i,j) represents U for the left side of block i,j at 
t = (n - 1/2) At; v(i,j) represents V for the lower side of block i,j 
at t = (n - 1/2) At. 

Primed symbols are used to denote values of these variables at time 
step At later. Thus, the difference U' - U is centered in time at 
the level of H, and the difference H' - H is centered in time at the 
level of U' or V'. The notation for Z or D is consistent with 
that of H. 
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BLOCK i ,j+t 

UC1.J+l) H(1 .J+1 > 
zc, .J+l > UC1 +1.J+l l 

@ 

VC, .J+l 1---+--VC1 +1.J+l )----. 1-----yc,.J+l) 

U\t.Jl 

BLOCK i ,i 
HC1,J) 
2 ( I •J) 
RC1.Jl 

CD 

UC1+l,Jl 
XC1+l.Jl 

BLOCK i+J ,j 

HCt+l.Jl 
ZC1+1,Jl 

® 
---vc, ,J >-------vc, +1.J >----
Figure 4. Basic block triad showing variables used 

in computation of U, V, and H for block 1. 

The frictional terms in equations (1) and (2) are represented by 
fAU'D- 2 and fQV'o- 2, respectively, where the estimation of Q and D 
is centered spatially at the position for U' or V'. Since U, V, and 
D are not available at common locations, this requires a suitable spatial 
average in order to obtain centered values of Q and D. The resulting 
recursion equations for U, V, and H, using centered differences for 
the spatial derivatives, are as follows: 

U'(i+l,j) = Gi(i~j) {U(i+l,j) + ~:: [D(i+l,j) 

+ D(i,j)] [H(i,j) - H(i+l,j)] + X(i+l,j)At} (31) 

V' (i,j+l) = G2(Lj) {V(i,j+l) + ·~:: [D(i,j+l) 

+ D(i,j)] [H(i,j) - H(i,j+l)] + Y(i,j+l)At} (32) 
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H' (i,j) = H(i,j) + :: [U' (i,j) + V' (i,j) 

- u• (i+l,j) - v• (i,j+l) 1 + R(i,j)t.t, (33) 

where 

D(i,j) = H(i,j) - Z(i,j), (34) 

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

G1(i,j) = 1 + fat {[4U(i+l,j)] 2 + [V(i,j) V(i+l,j) 

+ V(i,j+l) + V(i+l,j+l)J 2}½ [D(i,j) + D(i+l,J))-2 (35) 

and 

G2(i,j) = 1 + ft.t {[4V(i,j+1) 2 + [U(i,j) + U(i+l,j) 

+ U(i,j+l) + U(i+l,j+l) J2 }½ [D(i,j) + D(i,j+l) J-2 . {36) 

The latter factors are always somewhat greater than Wlity Wlless 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, r, of these two 
forces which is of the order,· 

r = .XD/fu , 

where 

.X = Coriolis parameter (2Q 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 10- 5 ; typical D and f for gulf coast bays 
are 10 feet and 2 x 10- 3 , respectively. For u = 3 feet per second, which 
is reasonable for storm conditions, r is only 1/10. However, for 
normal circulational regimes u may be only a fraction of 1 foot per 
second and r is of order W1ity. 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 6t be taken at 
less than the value 6S/(2gDmaxl½, where Dmax is the maximum depth to 
be expected anywhere in the system during the storm surge (Platzman, 
ws~. 

b. Barrier Algorithm. Equations (9) and (10) are assumed to apply 
for values of qn, ~, and 6H at the same time and in the immediate 
vicinity of the barrier. In the grid scheme used, however, the flow and 
the water level are staggered in time; moreover, the water levels like 
H1 and H2 represent in effect the spatial average for blocks 1 and 2, 
respectively, at a given time rather than local values in the vicinity 
of a given barrier, which in the schematization are presumed to occur on 
lines separating two blocks. As a consequence the above relations can-
not be applied directly. Instead, the evaluation of U or V across 
a barrier (if the water level allows such flow) is carried out by a 
modified version of the predictive equations (1) and (2), or their 
numerical co\.Dlterparts, equations (31) and (32), where f is replaced 
by an effective value related to the barrier discharge coefficient so as 
to be consistent with equations (9) or (10). The effect is to maintain 
proper time phasing and to consider possible tilt of water level across 
the block; i.e., difference of H at barrier relative to the mean value 
for the block. 

~ecifically, the frictional terms in equation (1) or (2) are taken 
as (D/L~) lq~lq~/~ where is the barrier discharge coefficient 
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(C0 or Cs, depending on type of barrier), qA is the transport per unit 
width normal to the barrier (either U' or V', depending on barrier 
orientation), Di, is the water depth over the barrier, and D is a 
mean depth for the effective fetch L across the blocks. The gravita-
!_ional slope term involves the same scale length, L, and mean depth, 
D. The resulting relation for prediction of q~ at a barrier, given 
qn at the previous time step, is: 

(38) 

where 

r - (39) 

and 

(40) 

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

( 41) 

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

Thus, Cb, L, H, and• are taken as follows: 

Submerged barrier (H1 > Zb and H2 > Zb) 

Cb = C s 
L = LiS LiH = H1 - H2 

% = [(H1 + H2)/2]- Zb 
(42) 

Overflow barrier (H1 > Zb or H2 > Zb) 

Cb = Co H1 - zb (a) 

L = LiS/2 LiH = or 

Db = ILiH I Zb - H2 (b) • 
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where Zb is the elevation of the barrier crest, relation (a) being for 
H1 > Zb and (b) for H2 > Zb. If Zb exceeds both H1 and H2, then 
q~ = 0. The meaningful solution of the quadratic equation (38) is 

(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 
siJDUlation of a natural oscillation of a bay having a submerged barrier 
across it. 

c. Barrier Specification. Since only certain blocks contain barriers, 
they JDUSt be idon~ified by I, J location; specifically, the program 
identifies the Kth barrier block by location I= IB(K) and J = JB(K), 
K = 1,2 •.. KM. A given barrier block potentially has a barrier on the 
right and upper side of the block in an x, y plot. These are designated 
x and y, respectively; i.e., an x barrier is one normal to the x-axis 
(the flow over it being in the x sense). For both potential barriers 
on a barrier block, values of Zb, C0 , and Cs must be prescribed. A 
real barrier is one where Zb is larger than the Z value for either of 
the adjoining blocks. A null barrier is one where Zb equals the larger of 
the Z values for the adjoining blocks (thus, in effect, the higher block 
is a potential barrier). The prograa requires that information pertinent 
to both null barriers (Zb, C0 , and Cs) 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 qnAt 
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 = O), and the flow to adjacent blocks adjusted to be 
consistent. 

e. Depth Oteck. When the water depth is very shallow the effect of 
the wind is such that a given block could become partially dry lDlless the 
fluid is flowing fast enough for the bottom stress to balance the wind 
stress. To avoid anomalous computations for very small D (e.g., in 
areas where rainfall is occurring over regions above the surge level), 
the wind stress is arbitrarily set zero when D is less than 0.1 foot. 

2. Channel Algorithm. 

a. Channel Specification. As in the case of barriers, those blocks 
on which channels occur are identified by the I and J values; for 
channel block K these are denoted by ICG(K) and JCG(K), respectively, 
where K = 1,2 ... KCM. Also each "channel block" may contain two channels, 
one on the right denoted the x channel and one on the upper side denoted• 
the y channel. Each of these channel reaches is characterized by a 
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channel width (w), a channel-bed elevation (Zc), and a channel-
friction coefficient (fc). Figure 5 shows a schematic of a channel 
block indicating nomenclature for dimensions as used in the SURGE II 
program. Figure 6 shows the dependent variables pertinent to the 
channels as used in the program and stored for the channel block K. 
These include the channel flows, Q, at each end of the channel, one 
end designated N, the other P (corresponding to the negative and 
positive characteristic ends of the channel, respectively). Also in-
cluded is the height, H, of the water level at the point in common to 
the two channels for block K (HC(K)). The lateral transport (per unit 
width per unit time) nominally to the channel from block K and from 
the channel is also indicated: UCT(K) and UCF(K), respectively, for the 
channel normal to the x-axis, and VCT(K) and VCF(K), respectively, for 
the channel normal to the y-axis. In the formulas in this study, these 
are referred to as qt and qf, respectively. Note that UCF(K) and 
VCF(K) correspond to U and V, respectively, on the right and upper 
sides of the general block flow. Also, the quantity HP(K) corresponds 
to the block (pool) height for the channel block. Values of H at.the 
"negative" ends of the channels for channel block K are stored as HC 
values in adjacent channel blocks to minimize duplication of storage. 

b. Computation of Channel Variables. The time phasing of block 
variables versus channel variables is indicated in Table 1. The H 
values occur at common times thus facilitating evaluation of head dif-
ferentials used in determining lateral flow between channel and adjacent 
blocks. 

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

Time Block Channel 
t + At H H,Q 

t + At/2 Q 

t H H,Q 

t - At/2 Q 

t - At H H,Q 

For a given channel reach, application of equations (28) and (29) 
can be made for two characteristic paths, as shown schematically in 
Figure 7. As in the case of the block computations, the friction term 
in equation (28) is taken proportional to the product of a new Q and 
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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; - QA) + w/$' cu; - HA) = [wrs - f c IQI~/ (D) 2 w + /g0 Aq] At, 

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

(44) 

(X or Y) corresponding to time level t for the associated channel 
block, Aq is the net lateral flow per unit width, and Q is taken as 

Q = [(Q~ + qp121lz • (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 

Qi, + (w /go /G)H; = [(QA+ w lgD HA) + (WT
8 

+ Igo Aq) At]/G • (46) 

where 

G = 1 + f AtlQl/(D) 2w. (47) 
C 

Similarly, for the negative characteristic from B to N', 

QN - (wlgD /G) Ht:, = [ (QB - wlgD 8a) + (WT 
8 

- /gD At 1/G , ( 48) 

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

The values of Q and H at points A and 
interpolation from values at H and P at time 
(29) for the path. The distance from A to P 
the mean wave speed for the channel at time t' is 
N to P is equal to As. Let 

a - /gD At/ As ; 
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B are determined by 
t, using equation 

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

(SO) 

and similarly for HA and H8 in terms of HN and Hp• 

The evaluation of 6q is the most sensitive part of the computations 
and is discussed in a subsequent section. Presuming 6q is known. the 
problem of evaluating the new Q and H individually at the channel-
end points is considered. Note that equations (46) and (48) yield pre-
dictions for linear combinations of Q and H at two different points. 
Thus, information from adjoining channels. or other information in the 
case of channel end points, is needed to solve for the new channel Q 
and H. For a simple continuous channel without branches and consisting 
of a series of reaches of length 6s but not necessarily of equal width 
or depth. then Q and H are readily solved at a common jtmction, 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 conunon junction. Figure 8 
shows this junction with four different volume transports, but with a 
conunon 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' - AH' , 

where 

A - w /go/G • (52) 
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For simplicity of notation let 1, 2, 3, and 4 denote the Erging 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 

Q 1' + U • H' = BP 1 

Q2' + A2 • H' = BP2 

Ql' - Al• H' = BNl 

Q4' A4 • H' = BN4 

Now, continuity requires that 

Ql' + Q2' - Ql' - Q4' = 0 

at a common junction. Thus, 

(Al+ A2 +Al+ A4) H' =BPI+ BP2 - BNl - BN4 

(53) 

(54) 

(55) 

from which H' can be calculated at the junction. With H' known, the 
values of QI'. Q2'. Ql'. 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. 

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

(56) 

where qt corresponds (if positive) to the flow (per unit length of 
channel) from the channel block to the channel (across the "interior" 
side of the channel, Fig. 6) and qf (if positive) is the flow (per 
unit length of channel) from the channel to the adjacent block. These 
flows can be positive. negative, or zero. To allow for channels which 
have wi~ths w much smaller than the block grid size '1s, and since the 
above q values are comparable to those ,·hich exist across the sides of 
blocks, the change in channel water level can be very sensitive to the 
difference qt - qf• Hence, special care must be taken in the model to 
avoid possible instabilities caused by improper calculation of these 
transverse flows. However, there is no particular difficulty with the 
rainfall term 1n equation (56) which is generally at least one order of 
magnitude smaller than that of the "net" lateral flow. In a sense, the 
potential difficulty with the transverse flows, qt and qf, arises 
because the l1t chosen for stable calculation on the blocks is usually 
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too large for stable calculation for narrow channels, mless the coupling 
with blocks exists only in respect to longitudinal flow the channels 
to blocks at end points of such channels. 

On a given side of a channel, basically four physically distinct sit-
uations can occur: (a) a barrier (levee) or block gromd 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 gromd level; (c) overflow of adjacent barrier 
(levee) exists the channel to an adjacent dry block or one where 
the water level is lower than the barrier elevation; or (d) both the 
channel water level and the water level on the adjacent block exceed 
the height of any intervening barrier and the lateral flow depends on 
the difference of water level. These four situations are illustrated 
in Figure 9. In the fourth situation, the water level could also be 
lower on the channel side with the associated lateral flow reversed. 

For situation·(a) there is no problem, the appropriate lateral flow 
(qt or qf) being constrained to zero value. For situation (c), the 
predicti-Ve-type barrier relation (eq. 55), with auxiliary relations 
(eqs. 39 and 40), could be used. In principle, the above predictive 
barrier relations should apply for situation (b) as well, provided that 
L in equation (39) is taken as the channel width w. However, since 
w can be auch less than As for aany applications, r can be so small 
that the relation for q~ reduces virtually to a diagnostic-type rela-
tion of equation (40), or aore 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 COJll)atible with a co-..on time level, the siJll)le diagnostic 
relation (eq. 9) has been adopted for both situations in the SURGE II 
program. This, however, still demands special checks and possible 
adjustaents, 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 coJll)ared with that of the channel or adja-
cent block; however, use of such relations in preliminary versions of 
the prograa proved to be very wlnerable 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 or 
from the channel, the relation, 

(57) 

is used where DI)= H - zt,, H being the water level on the high side of 
the barrier. While this relation gives a valid value of qnCqt or qf) at 
the time t, the value of 

1 
qn may change significantly over the predic-

tion interval At if (gDt>)~ > w/At. 
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Figure 9. Different situations along a given side of a channel. 
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Under such circumstances, an approximate prediction based on the 
initial values of qn could lead to physically impossible changes of 
channel level. Thus, tests are included in the program to constrain the 
lateral flow, such that qt - qf alone will not cause the channel level, 
He, 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. In each case, the maxim\L~ possible change 
in He is indicated as 6Hc. 

For any of the situations illustrated in Figure 10, the SURGE II pro-
gram compares lqt - qfl with lwHc/6tl. If the latter is exceeded by the 
trial value of jqt - qfl then an adjustment is made in qt or qf such 
that lqt - qfl equals jw6Hc/~tl. For cases A, B, C, and D, both qt and 
qf are prorated by a common factor to satisfy the above constraint. For 
cases E and F, only the overflow q is adjusted to be consistent with 
the above constraint. 

For situation (d) where the channel and block are connected by a 
continuous water surface (Fig. 10), the net lateral flow to the channel, 
6q, 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 HM = ------,----,---( L + W) 
(58) 

where HB is the water elevation on the water-connected block, L is 
its width, while HC and W are the water elevation and width for the 
channel. The block width L is 6S - W if the connected block is the 
channel block containing the channel, or is 6S 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 6q for either of these situations is taken as 

6q = (HM - HC)w/6t. (59) 

To determine the individual qt and qf on either side of the channel, 
the mean of these is taken to be that which is calculated as the flow 
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between blocks, ignoring the presence of the channel (but considering 
barriers). Letting this be denoted qm, then 

qt= qm + !!q/2 
and (60) 

This system of calculation leads to stable results. 

d. Channel End-Point Computations. At the end point of a given 
channel system, special coq>utations 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' = ± Qi, 

H' = (Q' - 8)/>. , (61) 

where Q~ is the specified river discharge (taken as zero if not speci-
fied); B equals BP or -BN, as defined by equation (51), for end 
points occurring at the positive or negative end of the channel reach, 
respectively, and >. is as defined in equation (52). The sign of Q' 
is taken such that Q' is directed into the channel, depending on the 
channel-end orientation. There are four possible orientations (see App. 
B, Fig. 8-3). 

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 channe 1 which terminates adjacent to that block. Thus , H* corre-
sponds to the H resulting from the routine block calculation using 
equation (33) with appropriate adjustments for contained channels as 
might occur for situations 3 and 4 shown in Figure 11. These adjustments 
are discussed in a subsequent subsection. The correct predicted H for 
the ponding block in the presence of longitudinal discharge from a 
channel is given by 

(62) 
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where Qd and Qd are the new and previous values, respectively, of . 
the discharge from channel to ponding block, and Al) is the effective 
surface area of the block. For situations 1 and 2 in Figure 11, 
Ab = (6s) 2 , but for situations· 3 and 4 a channel might exist on the 
ponding biock in which case Ai,= (6s - w)6s. 

Equation (62) involves two unknowns H' and Qd. However, for the 
channel, 

(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, Qd is the negative 
of the QC value for the channel. 

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

where 

H' = (F + B6t/2¾)/(1 + A6t/2Ab) 

Q' = (B - AF)/(1 + A6t/2Ab) 

(64) 

(65) 

(66) 

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

H'(i,j) = H(i,j) + [U'(i,j) - UCT'(k)]6t/(6s - wx) 

+ [V'(i,j) - VCT'(k)]6t/(6s-wy) (67) 

where UCT and VCT 
discussed previously. 
is zero), then 

are as shown in Figure 6 and correspond to the qt 
If only one channel exists (i.e., if wx or wy 

or 
UCT'(k) = U'(i + 1,j) if wx = 0 

VCT'(k) = V'(i,j + 1) if wy = O 

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 coJll)uter 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 emayment 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 nwnerical model: the Beaumont rise in the 
northwest, the Orange rise, and a more gradual rise northeastward to the 
Lake Charles area. The low-lying region between the lakes, immediately 
behind the shoreline barrier, and forward of the rises, forms a large 
ponding area during the inundation sequences. Between each rise a major 
channel is present, the Neches River, the Sabine River, and in the Lake 
Charles region, the Calcasieu River runs northeastward from Lake Calcasieu. 

The deepest block in the system is -24 feet (MSL). Assuming a 10-
foot surge, a value of DELT equal to or less than 260 seconds (Sec. III, 
1,b) is required. The value chosen for DELT is 240 seconds. 

2. Channel and Barrier Schematization. 

The numerical discretization of the area shown in Figure 12 is given 
as an overlay in Figure 15. In this illustration the channel network 
(shown by full lines) shows the landward interconnection of Sabine and 
Calcasieu as well as the link with the Intracoastal Waterway as the 
lower left- and right-hand channels. Each channel segment has been 
provided the physical characteristics of width and cross-sectional area 
that best reproduce the pertinent information for the channel reach that 
was provided by the Corps of Engineers. The extent of the channel system 
was chosen on the basis of past immdation 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 dme 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 O 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) rlDls 
from left to right and y (or J) rlDls 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 Eis 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 
tel'llinate on the botmdary 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. 
Th~ listing of the barrier input data in Appendix D gives the information 
for block (2,2) at K = 12 with ZX = -100 (tenths of feet) which checks. 
The actual barrier on the upper side indicates a positive 6 feet. How-
ever, barrier block K = 13 at the adjacent block (3,2) shows a ZX 
value of -12 feet. Reference to the topography in Appendix E indicates 
that this is the elevation of adjoining block (4,2) which is higher than 
block (3,2) and hence is the correct entry. 

For an illustration of the sign coding concerning barriers along 
channels, refer to the channel input data in Appendix D and the plot in 
Appendix E. Channel block K = 1 located at (8,1) shows a negative 
IWCX and a negative IZCX which is the coding for double levees of 
equal height with the channel in between. This is the location of the 
double jetty entrance channel for the Sabine region. Channel block 5 at 
location (7,4) shows a(+,-) signature for the x channel and a(+,+) 
signature for the y channel. Hence, the barrier for the x channel is 
on the inner lateral botmdary while that for the y channel is on the 
outer lateral boW1dary (see App. C,6). Reference to Appendix E key 
array listings shows KCB = 37 for channel block S. 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 Otarles, the Neches River north of Beau-
110nt, and the Sabine River north of Orange. 

Nine gage locations for the astrotide calibration and Hurricane 
Carla simulation are shown as small circles in Figure 16. All of these 
with the exception of the North Sabine Lake gage are located on channels. 
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V. TIDAL CALIBRATION 

1. Tide Data. 

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

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

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

2. Estimation of fc for Entrance Channels. 

Many of the bays or lagoons along the Texas coast are of such dimen-
sions that their largest natural period is small compared with the tide 
period. Moreover, virtually all have narrow connections with the Gulf 
of Mexico. These two features conspire to produce a reduction of tidal 
range and a significant lag within the bay compared with the gulf tide. 
In addition, the tidal range is nearly uniform throughout the bay except 
possibly in some of the upper reaches of adjoining rivers. For these 
systems, the approximate response can be calculated in terms of the 
channel-friction coefficient, fc, (or discharge coefficient) plus 
appropriate dimensions of the bay and entrance channel (Love, 1959). 
These relations can be used to get at least a preliminary estimate of 
fc from the observed response. 

Consider a bay of total MSL surface 
the sea by a channel of cross-sectional 
effective depth De (defined as Ac/W), 
friction coefficient fc• 
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area, As, 
area Ac, 
length Le, 

which is connected to 
surface width W, 

and channel-bed 



Let H be the volUEtric response in the bay at tiae t (where 
H • Ag represents the iapomded tidal voluae above MSL at time t); let 
Q be the tidal fl we the sea to the bay. Then, 

(68) 

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

(69) 

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

fL m = --....--
gD A2 

C C 

This can also be written in the form, 

1 
m = ----~ g(C ··A ) 2 , 

d C 

(70) 

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

AssUlling the input tide Hg is simple harmnic with period T and 
anplitude ao then, 

Hg = a0 cos wt , (71) 

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

H = r3.o cos 

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

and 
r 

sin / 1 + B2 - 1 =------B , 
where 

B = J!._ m(A w) 2a_ J1r s --u 
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(Love, 1959). A plot of r and versus the diaensionless paraaeter 
B is shown in Figure 17. The timelag of the high tide in the bay rel~-
tive to that outside the bay is simply T = for in radians 
(or T = in degrees). 

Thus, if r or is estimated observations it is possible to 
get an estimate of B. Generally, the value obtained the observed 
r will differ that obtained the observed in this event 
an average of the values of B can be used to estimate fc. In tel'IIS 
of B. fc is given by 

where 
L 

a2 = __ c_ 
D A2 

C C 

(76) 

(77) 

It is emphasized that the above analysis pertains to a bay system 
connected to the sea by a single channel of uniform dimensions. The 
results can be generalized for the case of a series of N channels of 
different dimensions or of N channels in parallel or combination of 
both (as in the Sabine-Calcasieu system) by using an effective value 
of a 2 • 

Let designate the value of a 2 for an individual channel as 
evaluated by equation (77). Then, the effective value of a 2 for a 
series of N channels is si~ly 

N 
a2 = I a2 

s n=l n (78) 

However, for N channels in parallel the effective a2 is given by 

a
2 

- [ r a-1 r P n=l n (79) 

For a series containing a paralle 1 subset, the effective a2 , for 
the latter is used in equation (78). If two or more co~lex entrance 
channels are in parallel then the effective values of a are used in 
place of <In in equation (79). 

The use of this procedure will be illustrated for the Sabine-Calcasieu 
system. In the numerical simulation scheme there is a total of 40 blocks 
of 2 x 2 nautical miles covered with water and in comaunication with the 
sea. This represents a surface area of 5.91 x 109 square feet. In addi-
tion, the channels contribute a total of 0.64 x 109 square feet. Thus, 
the total surface area for the coni>ined system is As= 6.55 x 109 square 
feet (3. 77 x 109 square feet for the Sabine part and 2. 78 x 109 square 
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feet for the Calcasieu part). The two parts of the system are coupled 
via the Intracoastal Waterway and their responses are about the same, 
so the combined system is treated as oneo 

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 a2 for each channel is also shown in Table 2. The effective 
a2 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: 

a2 = 0.32 x 10-6 (square feet)- 1 • 

Table 2. Data on simulated Sabine Pass and Calcasieu Pass. 
n We De Ac Le aZ X 106 aZ X 106 

(ft) (ft) (ft2) (ft) (ft- 2) (ft- 2) 

Sabine Pass 
1 2,330 20 46,600 24,360 0.561 0.561 
2 2,860 21 60,060 36,480 0.482 0.482 
Subtotal 1.043 

Calcasieu Pass 
3 800 32 25,600 24,360 1.162 1.162 
4 500 40 20,000 12,160 0.760 0.455 1 
5 1,000 16 16,000 34,480 8.960 
Subtotal 1.617 

1Evaluated 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.SO 0 58 r = 2.59 = • • 

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

t = (20.8 - 17.5) 3265° = 47° • 
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Table 3. Ranges and times (c.d.tJ 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.S 

2 Port Arthur 1.53 19.0 
3 North Sabine Lake 1.40 21.S 
4 BeaUD>nt 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 

Avera2e 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 

2w s = = 7.0 x 10- radians per second 25 X 3,600 

and a0 = 2.57/2 or 1.3 feet. Consequently, the estimated fc for the 
entrance channels is from equation (76): fc = 0.0018. 

The final selected value of fc for the entrance channels is 0.0015 
as detenained by trial runs. This is somewhat less than the above esti-
mate. The difference might be accomted for by the fact that the tidal 
hydrograph is not really simple harmonic but contains compomd tides (of 
higher frequency) giving the sharp minimum and broad or domle-peaked 
maxima. The effective frequency is consequently somewhat greater than 
the w given above, thus yielding a smaller fc 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 NiL 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 miform 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 Lalce Charles tidal hydro-
graph. The latter three gages (Beaumont, Orange, and Lalce 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 mderestimates of the effective channel 
widths, which would demand a less than normal friction factor. 

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

The results of the final astronomical tide simulations for a 96-hour 
period starting 0000 hours c.d.t., 22 August 1973, are given in Figures 
18 to 26, and Appendix F. The input tide (Fig. 18) corresponds to the 
observed tide for the period at Sabine Pass (southwest jetty). In the 
subsequent eight figures the compute,t (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 datlDI, 
talc en as the gage mean for a 120-hour period starting 0000 hours c. d. t. , 
22 August 1973. In all cases, the computed ranges are in fairly good 
agreement with the observed; however, there seems to be a consistent 
tendency for the computed to lag the observed. This might be due to a 
possible time-shift error for the input gage. Although a lowering of the 
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 
fc = 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 t-f>L dat·.n 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 rms were 800 
cubic feet per second for Calcasieu River, 1,100 cubic feet per second 
for Neches River, arid 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 volwne transport 
at six channel positions. Flow at points 1 and 2 correspond to input 
(if positive) to the system through Sabine Pass and Calcasieu Pass, 
respectively. Since the tide amplitude is less than the seaward barriers, 
the two passes represent the only source of water for normal conditions. 
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Reproductions of channel output at three different times (30, 60, and 
90 hours from start) are shown in Appendix F. The output shows flows 
(in cubic feet per second), direction of flow, and water level along the 
various channel reaches at the specified times. 

VI. HURRICANE CARLA VERIFICATION 

1. Forcing Function Input. 

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

b. River Discharge Input. The river discharges for the Calcasieu 
River, Neches River, and Sabine River for each 3 hours are listed as 
block (!DENT) 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 encowitered with the astrotide runs. 

A further modification was the reduction of the wind-stress values to 
80 percent of those shown in the listings and in the vector plots for the 
upper left-hand region of the grid. Specifically for I.LE.3 and J.GE.4, 
the wind-stress components were so reduced in the final runs for Hurricane 
Carla. This reduction was also used in the later application for Standard 
Project Hurricane (SPH) simulations. The rationale for this adjustment is 
based on the greater sheltering in this region due to both topography and 
vegetation. The initial H for all locations in the bay was taken as 
3.2 feet. 
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Figure 27. Wind-stress vectors for Hurricane Carla, over 
Sabine-Calcasieu region on an 8-nautical mile 
grid; time= 12 hours. 
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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 29. Wind-stress vectors for Hurricane Carla, over 
Sabine-Calcasieu region on an 8-nautical mile 
grid; time= 36 hours. 
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Figure 30. Wind-stress vectors for Hurricane Carla, over 
Sabine-Calcasieu region on an 8-nautical mile 
grid; time= 48 hours. 
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Figure 31. Wind-stress vectors for Hurricane Carla, over 
Sabine-Calcasieu region on an 8-nautical mile 
grid; time= 54 hours. 
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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 tot= 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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(FK = 0.0010). 
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translation (LR-ST) on an 8-nautical mile grid; 
time = 30 hours. 
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Figure 43. Wind-stress vectors for SPH large radius, slow 
translation (LR-ST) on an 8-nautical mile grid; 
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Figure 45. Wind-stress vectors for SPH large radius, slow 
translation (LR-ST) on an 8-nautical mile grid; 
time= 60 hours. 
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Figure 46. Wind-stress vectors for SPII large radius, slow 
translation (LR-ST) on an 8-nautical mile grid; 
time = 70 hours. 
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Figure 47. Wind-stress vectors for SPH large radius, slow 
translation (LR-ST) on an 8-nautical mile grid; 
time = 80 hours. 
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open-coast surge. A total rainfall of 16 inches in 24 hours is included 
as input. The results are based on a block friction factor of 0.0010 
and are therefore tentative. 

2. LR-ST Storm Results. 

Nine simulated hydrographs are presented in Figures 48 to 56. The 
hydrograph locations are selected to coincide with the locations of the 
Hurricane Carla graphs and are shown on the base map in Figure 16. The 
maximum water level excursion in these graphs is nearly 19 feet and 
occurs at the Beaumont gage (Fig. 52) at approximately t = 80 hours. 
The highest elevation at Sabine Pass, southwest jetty (Fig. 48) is 13 
feet and occurs at t = 77 hours. The Port Arthur surge crests (Fig. 52) 
at slightly greater than 14 feet shortly after high water is reached on 
the open coast. The gage at north Sabine Lake (Fig. 51) reaches a maxi: 
mum of 15.3 feet which coincides with Port Arthur. The surge at Beau-
mont develops continuously from the 7-foot level at t = 66 hours to a 
maximum at 80 hours in direct correlation with the surge character at 
the coastline. However, the 7-foot level is reached at the coast approx-
imately 6 hours before Beaumont. At the Orange Naval Station {Fig. 53) 
the surge development appears more monotonic with a steady climb from 
t = 54 hours to the peak surge of nearly 16 feet shortly before the 
Beaumont peak. The recession stage at Sabine Pass occurs quickly with 
passage of the storm, and the open-coast water level has returned to 
normal level by t = 90 hours. 

Drainage inland slowly reduces water levels and, at t = 90 hours, 
Port Arthur and north Sabine Lake have water elevations of approximately 
10 feet. Farther inland, the water elevation at Beaumont and Orange 
stands at 13 feet. The system continues to drain over the next 10 hours 
of prototype COJll)utation but slows considerably since the runoff reaches 
peak rate at the end of the run. 

Recalculations at the Galveston District, using a block friction of 
0.0025 which improved the Hurricane Carla simulation, indicated signifi-
cant reductions in the peak surges for the LR-ST storm {Table 5). The 
greatest reduction is for Beaumont, as in the case of Hurricane Carla; 
however, the amount of reduction is disproportionately greater than 
that seen for Hurricane Carla. 

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

Location Surges (ft above MSL) 
FK = 0.0010 FK = 0.0025 

Port Arthur 14.3 14.1 
Beaumont 18.7 17.1 
Orange Naval Station 15.9 15.2 
Lake Charles 14.1 13.9 
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Figure 48. Hydrograph for SPH, LR-ST at Sabine Pass, 
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Figure 49. Hydrograph for SPH, LR-ST at Sabine Pass, U.S. 
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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. Hydrograp:l 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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3. LR-MI' Storm Data. 

The large radius, medium translation (LR-MI') 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 tot= 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-MI' 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 stonu and rainfall (FK = 0.0010 for all three cases). 

Slow speed Medium speed 
Location l'iith rainfall With rainfal 1 \'Ii thout rainfall 

( ft above t-l5L) _(time 1) (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.s 2 
North Sabine Lake 1S.3 l 1S.3 1 14.7 l 
BeaWDOnt 18.7 4 15.1 s 11.s 6 
Orange Naval Station 1S.9 4 14.S s 11.7 6 
Cameron 11.3 1 11.0 1 10.8 1 
Lal.e Charles 14.1 6 14.2 6 13.2 6 -~-'=l • -.a.::s.: -:.--= s--=.= a=.~..: 

1Ncarest hour after that of Sabine Pass entrance. 

Comparison of the first and second Sf'ts 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 SJ>ll large radius, medium 
translation (LR-~ff) 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-Mr) on an 8-nautical mile grid; 
time= 20 hours. 
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Figure 59. Wind-stress vectors for SPII large radius, medium 
translation (LR-t.ff) on an 8-nautical mile grill; 
time= 25 hours. 
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Figure 60. Wind-stress vectors for SPH large radius, medium 
translation (LR-MT) on an 8-nautical mile grid; 
time= 30 hours. 
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Figure 61. Wind-stress vectors for SPH large radius, medium 
translation (LR-MT) on an 8-nautical mile grid; 
time = 35 hours. 
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Figure 62. Wind-stress vectors for SPH large radius, medium 

translation (LR-MT) on an 8-nautical mile grid; 
time= 40 hours. 
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Figure 63. Hydrographs for SPH, LR-Mr (with and without 
rainfall) at Sabine Pass, southwest jetty. 
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Figure 64. Hydrographs for SPH, LR-~ff (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-Mf (with and without 
rainfall) at Port Arthur (FK = 0.0010). 
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Figure 66. Hydrographs for SPH, LR-r.rr (with and without 
rainfall) at north Sabine Lake (FK = 0.0010). 
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Figure 67. Hydrographs for SPH, LR-MT (with and without 

ID 

rainfall) at Beaumont, Neches River, and Brakes 
Bayou (FK = 0.0010). 
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Figure 68. llydrographs for SPH, LR-MT (with and without 
rainfall) at Orange Naval Station, Sabine River 
(FK = 0.0010). 
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Figure 69. Hydrographs for SPH, LR-Mf (with and without 
rainfall) at west end of Intracoastal Waterway 
(FK = 0.0010). 

ID 

DATUM- 11SL 

WITH RAINFALL 

! it Iii 
ELAPSED TIME <HRS 

ID N 
"' 7 

16 

IS 

l'I 

13 

12 

.... II 

l:J ID 
t.. 
..., 9 
z 
!:! a 

7 .., 
d 6 

15 s 

I" 
l 

2 

a 
-, ID 

DATUt1· 11SL 

WITHOUT RAINFALL 

! it R 
ELAPSED TIME <HRS 

-; wre 70. Hydrographs for SPH, LR-MT (with and without 
rainfall) at Cameron, Calcasieu Pass (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 nmoff 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 1-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 OfA.NL, the program is much the same as that used 
in Reid and Bodine (1968). It should be emphasized that the coding of 
calculations of flow and water level for blocks does not include the 
effect of Coriolis force. Moreover, no attempt has been made to opti-
mize the coding since the original version. The actual new part of the 
program is embodied in SUBROUTINE OfA.NL and the way in which the channel 
computations mesh with the block calculations. Thus, while many users 
may prefer their own version for calculations over the main grid, it 
should be possible to incorporate SUBROUTINE OfA.NL with their own pro-
gram when applied to systems like the Sabine-Calcasieu region in which 
allowance for channels is essential. 
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11T ,-r. 12• 
IITl•Cl.?7 
PT,!•Cli8 
11Ti•C124 
"'2•~130 
PTi•C 1 1I 
PT.?•11132 
PTl•OI 33 
"'2•01311 
PTi•C•lS 
PTl•v 11" 
PTi•Oll7 
PTi•vll' 
IITl•OI 3q 
IIT c'••l I w1 
IITl•Olwl 
IITl•Olol 
IITl•OI 113 
PTi•OI~" 
PT,?•01115 



1.0 

1115 
1150 
11110 

110 

11,u 
11aiu 

I 7' 11C1~ 

700 
710 

180 

u~ 

190 
no 
HO 
1ciu 

7'0 

eoo 
II 0 

100 

elO 
105 C 

C 
C e~o 
C 

110 C 
C 

8110 

CIC 11110 Wat,•"" 

U•ll•KTK 

O•k•(YR(K•l•Ll••~CK,L)J/&J 
GO TO <•5~•~'!11J,l$ 
O•ke(MGCl(W+ll••G~(I\JJ/&l 
er, '!18r. tC•It t!l 

lC• t t 
Tl(lC,JC)•YCl(K,L)•(OTR•CoFu•,SJ) 
Xl(tC,JC)excicw,LJ•(OaCl•O~UJ 
GO TO (11?~,.~,1,IS 

CO.,Tl ·,ua 
Ot; IICl(I 
M8l(lCIT)e•~Cl(tRT) 
GO f(I (1(1ft,7tllJ,15 
U•2 
(Qt,,T l._U~ 
DO hO ht ,t,. 
00 1)11 Lat tL"" 

l l 
Jl•Jl•LJK 
Jtllt• 
JILJ•Jt•L7 

>••lCI,Jl))/&l 
D•Me(vltt,J•LJ )••2(1,J!Jl/&J 
Dl• 1lt' 
o•u•J•Jt 
•lCltJJ••lCJ,J1>•0cCl•(DFu+,5) 
Yl(ltJ)et>Cl,JtJ+OtCl•OFu cc, .. ,1'1uE 
CO••Tl11ouE 
CO"'Tl'-UE 
1, (1FtOST)1S0,~00tlCO 

GO TO 510 
CO,.fl"IUf 
&'-1,JPa•,,,, 
•l"'O•J•J'lln 
o•u•,•t•0•1,11,~uP 
O•v"•i,F•••C 1,/&t,,o•II) 
00 'lo!~ va;,,11 

.. ,2,111- .. 111(11)) 
MG(fw.)a •~t(l"l • CFu••C~GZCl")•wr,1Cl")l 

S•tEI> ""0L t F TEL0 F C~ fLO" FRO• 8LOCIIS 

PTl•Ot11• 
PTl•C!IIT 
Pfl•t'l41 
PTl•Ot11CI 
PTl•01511 
Pfl•015I 
PT2•015l 
Pfl•OIS3 
PTl•OISII 
PTl•lltSS 
PT2•0l511 
PTl•Ol57 
PTl•OIS'l 
ll'Tl•OISCI 
PTi•OhO 
ll'Ti•Ohl 
PT l•C 1112 
PTl•OloJ 
PTi•OIIICI 
Pfl•C 1115 
PTi•G I 1111 
ll'Tl•C hf 
PTl•Oh8 
Pfi•OIII. 
PTi•O 170 
PTi•0171 
Pfl•Ol72 
PU•0173 
PTi•C1111 
PTi•Ot75 
PTi!•OtTe 
ll'Ti!•Ct71 
Pfi•CIH 
Pfi•Ct1CI 
PTi•CUO 
Pfi!•OUI 
PT 2•'1 ~l 
PTi•CIIJ 
PTi•CUCI 
Pfi!•Ot@5 
PTi•Olell 
ll'Tl•OU7 
PTi!•OIU 
Pfl•OHCI 
PTo!•Ol'IO 

CIC 1~10 J•t•J"" Pfl•OICII 
TMlS PR&NCM SKIPS '"E l"VESTlG&Tin~ OF POSST8Ll e,oci1r~s FDA TM[ 
ijQ~ Ja1, FOCI Jal fMf l~Olt&TVCI LGa3 1S $tT, lF J TS GCIE&T~H TM&'I 
I A $f&CICW FOIi ''"•TECI$ I~ T~E CIQw •ILL TAK~ PL&CF, 
11 J 0 Pfi•CICll 

129 



uo 

us 

uo 

ll5 

2SO 

lU 

C 
C 
C 
C 
C 

C 

111/111 

L•O 
A .. o .... L Cf\l'l>,,1n1r-. SEQUE'-I.E "ILL c.cc.ui.. T•t. FtllST ••OtA FLIJI 
fl,-DCD&DV STDD&~t IS SlT •~ T•&T ~F T•E flkST COLUMN• 
''"t ,,.,,..,.ED ,,.,. LI.C&TJOI\$ CF ''"t. 1:-&WllllltS p;;fSp,T f1, t1,[ 110• UE 
H•\J'•C t••O PLtCt" 1 1, 1 t.l'POll&r.T STC.D•Gl. IF "'C' ll&DIIHIIS I.Rt. PRlSE'-IT 
T .. E 1~01c,rrr. l(J ~E"•J~s Z[kll. 
lF <•w.fo:o) GO 10 870 
i.C 800 Ka!,KM 
IF !J•JD(K))8•0•8~0•8•0 
<(J • KJ I 
L•L•I 
•HL>u 

PTl•OIQII 
PTl•0145 
~'l•OU• 
PTi•Ol4T 
PTl•0198 
Pll•01•• 

o•O COr,T J~•ut 
C r•SEC 0'1 •J• 11,[ l"OlX LJ JS SET TO J•CIC&T£ ,,.f 
C J'- '•E ~,, .. c~•l>UTaTJON. LJ•l FOR .. o 8&Dktt.11s. 

1,1wJi~,o.810,9so 

PT,l•!,200 
ll&IIDJlA SITuaTJ0'-1 

~TO LJ•t 
GO TO 8•o 

~~II LJ•2 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
1(10(1 

t O Io) 

1010 

C 
10111 
1000 

C 
C 

H511 
IOSJ 
I (1~11 

T•JS IS Twt PIIJMA~T LOOP FOIi STtPPf"'G TWWU TM£ JM GRtO COLUMNS• 
O".' 2000 I•l•l"M 
~E,1, T•E £••~1~•'IO~ O' T•E e,src TkJAO Of G•JC sou••Ea. TWE 
Ct'""' VtliJt•LfS .. 1,i,1, .. z,oz ""C Q &DE vsto TO 'LLO .. 0"l ROOTJt,if TO 
cE [""L"•FC FOIi bill• St. 1 S or S~l.ltRES. S01.1&11£S o,~ tNO T•O &Ill 
1Af(f" F !DST, 
Jr !J•ll,10,410••20 
.,G < I> a •r. I r J) • l'IF • •"• < "'2 ( I> •"GI CI) ) 
i!I>•~•<x•<t,Jl•~'u•lxi(J•J)•ll(J,J))) 

'"I a M(T,J) 
l • UCT,J> 
Cl• "l•Z 
l•IS ~11,,r .. •lLL SET UP• SE••c• 'O" l 8&RWtt• J~ T•l S0UAAES 
oEJ••G cn .. s1r-c•r~ IF LJ•l, JS LJ•I OIi T,-E bAIIIIJt• EIJSTS 8ET•EEN 
''"t. C.T•EII Ptl~ r-F S9u&R£S ,., l"C[J JS Stt, LJ•l• 'OQ A 8AQRJER, 
LJ•2, 
GC T~ 110110,lftll')•LJ 
1•JS I LOl'IP Sf,DC~ES ,011 A 8AIIAJEII Th TMl "•IQ OF sov•RES, 
CO IOJO OltKJ •J• ~•HK) 
J'll•lPC~l))l~J~,IOlO,IOJO 
LJal 
GO TO 111511 

cc .. TJ,-1Jf 
LJ•t 
TW£ ou-~v vaaJ,•LES .. , Ah0 oz &Qf SET FOR Twl SOu&QE Oh£ Ah0 Two 
CALC~L,TJC~. T1,tS 1S fhOJC&TlO 8v LO•t, 
co .. T1r.:uE 
.,l • ,J) 
Z • U(l+l t,I) 
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l'Tl•C'IOI 
PTZ•r2!12 
nz-e201 
PTl•OlOI 

PTl•02O 
PTl•020? 
PTi•0?09 
PTi•C20• 
PTZ•OllO 
"'Tl•02l1 
Pll•Oltl 

PTl•0ltJ 

PTl•02l1 
PTZ•02t5 
PTZ•c2t• 
PTl•02tT 
11 T2•C2t8 

P1 l•Olt• 
Pl l•OllO 

PT2•0121 
PT2•02U 
PTl•OUJ 



''" 
HO 

soo 

sos 

JU 

11-s 

C 
C 
C 

tollO 
C 
C 

10,1) 

C 
C 

C 
C 
C 

1080 

llOO 

I II 0 

1120 

I IJO 

11110 
1150 

C 
11,0 
I I ?G 
1180 
t l ,c, 
uoo 

C 

1210 
lllO 
llJO 
12110 
USO 

,,,o 

01 • .. , •1 
LO• I 

T•E l~V'S'IG•Trn .. o, '"E AtL•TlO .. "~'-tE .. o,Tu .. s OF ~o, .. PAtAS n, 
,o~•~fS 6!Gf .. S Mt~t. '"IS d••~C" TESTS Ll fn~ • 8&AAJE~. 
Gn Tu (tll~•l"70l•Ll 
• =•••l'~ E•r5,5 , .. no .. , .. E =•srs o, LY , .. t o,,u .. rs ,ss1, .. Eo , .. E 
PDCD~D P&D~f(P ~EJG•T• 
GO,~ <•n~~.,~,o),LQ 
z;; •l71C•'> 
coct. fCOOJ(MJl 
cos1 • rensx1•r> 
Gn TO lift/I 
l'I • JZV(Wll 
cnc1 • TCOOY((J) 
cn11 • rcns•<•t> 
Z!' • l'I •n.1 
coot• co~r • .ov1 
cost• c~,1 • .not 
;;o N tun 
.. 0 lll&DAfl!:A ,xuu. "•E AEL&TlVE OH'I" .. er, .. ,s o, '"E SQU&l!ES &oi( 
T(STtO &N~ TM[ "IG"tN O&TU• S[T lOU&L TO Z•. 
C0Ul • C')" 
1, , .. ,.n, ... ,.n21tli'>•llJO,ttln 

GO TU 11111'1 
l" • "I • 01 
T•E lNv,9,rG,rrn~ O' T .. E CEDT" SlG,&T~ltES D(Gt .. s ,, , .. rs •01 .. ,. 
'"l ••o•t• &SSIG .. ~E•T lS ~,nl FOA T•E FLUX CL&CYL&TION. 

L"•t 
Gn TO 111" 

L"•l 

l'("l•z•111 .. 
lF(C2)t?O",t21"•12]1 
L"•I 
GO TC 11211 
L"•l 
l'<•t•1•1•1~~.,1on.1110 

GO T(' 121~ 
0'"•l11•"1 

HO • 11.• ~? 
GO TO 

U?O 0"•,.l •Zi' 
0PUo$(1'l"l 
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PTi•Oli!II 
PT2•02i5 

PT2•0227 
PTi•0228 
PT2•0>l• 
"'2•0210 
PTl•O;tJt 
PTl•OHl 
PT2•0231 
PT2•9;,JII 
PT2•0ltlS 
PTi•Oln 
l'T2•0UT 
PT,!•0218 

PT l•OH• 
IIITl•OlllO 
IIIT2•021tl 
PTi•01a2 
PTi•02"3 

PTi•Olllll 
PTi•Oli.S 
PTl•~211& 

P'l•Oli.1 
PTi•Ol1t! 
PT,!•1)11t• 
PTl•OlSO 
~Ti•(ll'51 
PTi•02'5l 
PT2•02'5l 
PTl•OlSII 
PTi•ll2S'5 
PTi!•Cl'il& 
Pfi•l)jt'5T 
PTl•OlS8 
PU•c~s• 
PTi•r,;,oo 
~T,!•Clot 
PTi!•Olol 

PTi•0.!$3 
PTi•eloU 



no 

U5 

JIIO 

]115 

J50 

J.O 

nn 

u~o 
uoo 
1300 
1]10 

13211 

1]10 
lJIIC, 
USO 

IJf>O 

t)70 

hOCI 
111110 

C 
C 

111'50 

C 
100 
11170 
IUO 

111011 
l'51!0 
uos 
!SIU 
ISlO 
1510 

TACI • 11.• ('I 
GO TU ('1"0•IS,l\)tL~ 
GO Tu (lll~?•l'Jft)•Lt 

GO TU 11'511 
GO TO Cl)IO•IS2r.)tL~ 
'"Cl•l•Jl a "2 • Cl2 
GO Tu IJSn 
.. c,,J•t> • •2. 02 
GO TC, t )'51\ 
1' cz~-c .. ,.~1>1 1"0~,ta&o,11~0 
l'tz~-c-2-P>i1,~o~.1a&~.,s10 
1,cc11 .LT.r.~~011r11 Gv TO ll&O 
CIAE- • tCl'Ot •n")"(CC')l•C'"l 
GO TO 1)aj\ 
G•O• 
GC T(J 1'5711 
" ..... , ... .? 
TAO • 
0~ •C(("t•-2)12.l •lb) • cosl 
o•E• • l'.>11•0" 
GO TO c11or..111ol!l•L~ 
G • Utt•t•Jl 
PUS"• W(f ) • C[LT 
Glj TO 111s11 
Q U(t,J+t) 
PUS"• Y(f) • O[LT 

SPECl•L CtLCulaTJOh o, Q ,011 8&1111tf~S 
G')$aGllav•M•!·• 
r.GaGUS/CC1H41\) 

.. 
'"IIGaicr.12. 
G • $~11f(&~sc,ollCEl•~~G••2> • ... , 
l'<'CJDC!.lT.11.) G • •G 
Gl'.J TU 1'57ft 

GO Tu (la'v•IGO"),LQ 
Co• U(J•l•Jl 
&I • V(T,J) vtl•l,J) • v<t•l•J•ll 
PU$" a r(tl• ll(LT 
GIi TC; I '51 n 
1.1 • v(l,J•ll 
~I • U(f.J) u<l•t,J) • U(t•J•t) 

•JS"• v < t) • OE LT 
,, a a. • r, 
ha S~~TF ((&I ••I l (81 • !I ll 
G • I.• <<Ct • ~l I C!01•02J•(')l•02>ll 
T•O 
~.. • .. , ... 2 
1,c11vs .. ,,c~,,,~a2,1s~2 
1,1n;.1,011co~.,s~o,1s~s 
IF(Pl•Q.llt~u1,1S~a,1'5~0 
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PT2•02&5 
PT2•0l&O 
PT2•0i!o7 
PT2•0h9 
PT2•Ch0 
PT2•0270 
PT2•027I 
11,2-02n 
PT2•Ci!7l 
IIT2•02711 
Pfl•027'5 
Pf2•C27& 
Pfl•0277 
PT2•C278 
PT.1•0270 
PT2•u280 
PT2•C'.8I 
PT2•021!2 
"'2•02@3 
PT 2•lli''III• 
11'2•021!'5 
Pfl•U2"b 
PT2•0287 
IIT2•0U8 
PT2-02eo 
P'2•0200 
IIT2•020I 

PT2•0'.02 
"2•0201 
PT.1•1!2011 
P'2•020'i 
Pfl•020b 
PTl•C207 
•T2•0208 

PT2•~,?00 
IITl•OlO? 
PT 2•0 31! I 
IIT2•0lOl 
PTl•vl03 
PTl•C,)011 
Pf2•0,'i 
PT2•00'> 
11Ti•OB7 
IIT2•03~~ 
IIT2•0H0 
IITl•(!ltO 
PTl•Q\I I 
PTc•O!ll 
PT2•0lt! 
11Tl•03tll 



J75 

1'0 

1100 

oos 

010 

C 
C 

C 
C 
C 
C 
C 
C 

C 

lS!,O 

tS70 

l'(Ol•?,~lt'lt,ft,1S1>0,1SuJ 
l'(Ol•O,l)t~u~,,suu,1S110 
P\ill.,•C ,11 

STA•-c&Pr' C•LCl'LtflC•• OF r. ,o .. ,1.ce-, 
C. •Cl,0/C)•( ? •<ti• Tac•••)•·~, .. ) 

l•E • C&J.Cl.ll.&Tl~~s •~E -•~! ~' T•£ ~•sts o, T~E 1~0~• 1.1, I' 
L')•t '"'! e•LC'.IL•TIO'-li ••E i>')$To>::•.~c ,·.,; A ~,T,,11•1 TO T"E DOI"' er 
1~vE$TIGaTI/\• c, , .. o,,u~ CllL•'I~•~s-,~s 1~ ·•~E (ST&TE~~~T ,11 
&'TE~ T•E va•J•Pt.ES •2 ,,~ ~, agt S!T '-'" FOO T•I: O"!•T•~E! 
SOU••l:S, 
C.()1aC.11C3 

l'<•a~(/\),LT,1,ft!•l~l c.ac.o 
GO Tt, CtSTl•lll~ll•Lr, 

tS71 1'(0)1S7l,1•1,,1s13 
1S77 "C•••• 

C 

lS7l 

UH 

lS~O 
15'" 
lit 1 0 
llt20 

le~i 
C 

u,•1 .. , .. 
111'1 
1,-12 

GO T1.1 1~811 
._.L ••" 1,, .. 2.z~1,s1.,1s1s,1~1s 

GO TC l'l~r. 
1F(~Cl•ll)IS7u,tS7~,IS@L 
C.••1C·:» 
GO •t, 1,;,~ 
"I.•• I 
t•(•t•Z8)1s, •• ,s~~.,se~ 
lF(l•t)ISO~tlSO••l~)J 

I.EFT "t''/\ !Ea•a 0 -.i o:?'-'•·~'•"• 
•CI •J>a-i;r I l u~•~. 
GO TO JUft 

l'll•I~y,,.,r,1•S~,107v 
klG"l •••,.. ~E••••C .. 1,111.D•"Y 
•Cl••,J) • •G(JM~) 
Gr 'C o•r• 
UNI•, 
•2. •ct,J,1) 
Z• lZfltJ•ll 
02 ••2 •l 
J.Q., 
CO Tl, l"t,r 

1rc111~~,,1,.1u,107J 
1'(~1.•)l~OO,l~•••l0 1 ~ 
l'l-i•la)lt72,•"t2,t••e 
11•0 .,. 
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PTc•HIS 
PTi•Oltll 
Pfi•~ll 7 
PTi•031e 

"2•0320 
PT 2•0121 
PT2•0322 
,H.?•Olil 

PT2•0l211 
PT2•O12S 
l>Ti•Oli!, 
PT2•03?7 
PTl•0328 
PT2•CJ2q 
PTi•OHO 
PT 2•0 3] 1 
PTi•CH2 
PTi•HH 
PTi•03U ,,,.~n• 
Pf2•OHII 
Pfi•H37 

PTi•H38 
Pfc•CJ30 
PTi•OJu~ 

PT2•03'11 
Pfl•Co3ci? 

PTl•O..S 
''l•03CICI 
Pfl•Ol~S 
PT i•O \1111 
PT2•GJu7 
PTl•Gl~~ 
PT l•O Juo 
P•i!•OJSO 

P'l•CJSI 
PT.?•~3S? 
PTi•CJSJ 
Pfc•CHu 



0)0 

1110 

us 

C 
IISO C 

C 

ass 

••O 

OS 

1110 

C 

C 
111,; C 

l•~l l'l"'L•11••u,1•~11,lo~~ 
1.~, 1,,~~1-~ .. ,,,.,.,,.00•10811 ••"o u-.1•••"1 ,., .. 1•1r.02.,,,,.~,.,~~1.10•0 
107 r..••~C2 GO TC ,.,,,. 
l•'J l'("l•ZA)lo'l•t•9l,lo8) 
loP) 1•c~L•)l••!•l•e••l049 
1•eb 1,coo,.~,,002,1••2,10•0 •••l O•l.01 

GO TO t••" 
t•&• 1•<o•u,.,.,,,,,,1.ou,1••~••••1 
111•1 ,ooo • ,,.,,"' • 11,ooon 

Q • (~/ta~OO))aQOI 
u .. , • cu~,,,,ooQll•QOI 

hOO V!I.I • •l 
u(l,J)a 1,,.. 

20110 

2010 

1100 
1710 
1720 
1721 
112' 
11u 
17211 
1729 

t711G 

l?SG 

u-.. u ... , 
V(l,J) • v'-(1) 
'l._(1) a Y"-1 
CCl"'l"uf 
1,(lMtJ)O!J'-1 
tc,,.T1'uS: 
l•<~C"',r.T,~) CALL t"•"L(l) 

l•[EP •"0L£ 'lfLCI ,o~ H 0" 8LOC~S 
su ... o. 
cou,.rao, 
<,c, 2u10 Jet •J""' 
00 1140 l•l•l"'" 
Z•lZ<l,J) 
Ol•"(l,J>•Z 
l•<J•l)171111tl70ll•l71~ 
"< l ti I • "G fl> 
1•co111,11n,11211,11211 
ll(J•t)t701,tTOOtl721 
l•<l•t)t721•1'21•172j 
l•<J•J~L111•u,1,qo,112q 
1•11-1~•11,2,,,,2~,,,2. 
lJ(J•J,0)1?•J•t'qo,112• 

"<l,J>• •tl,Jl • SETuP • o,r~ 
su,a~u••••s•<"<l•JJ> 
co,nhcn11••T• 1, 
1• < n, + sfTu• • ~•1~, 111111,11u~,,,so 
•<l•Jl • Tl<l•Jl 
l'<•t~,Gf,~) GO TO 1740 

l"TE~ •u~c,,, YaLIIE$ a .. [ .. , •• ~L0C~$ 0"LV lF , ..... ~[LS 'IOT •~OYIOEO 
00 1770 IJl(•l•'•''""O 
1• <L•oJctJ•>•J>111~,11•0•1'1~ 
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Pfl•lllSS 
•Tl•oJS• 
''2•015' 
PTi•OJ511 
PT2•0J<;O 
PT i•Ol•II 
Pfl•Ohl 
PTl•03o2 
PT2•0h3 
PTl•OJ•II 
PTl•OlbS 
Pfl•OJ•• 
PTl•OJ•T 
PT2•CJ3e,@ 
Pfl•OJ•O 
PTl•OHO 
1n2-on1 
PT2•0172 
l'Tl•OJ?J 
PTl•01711 
PTl•G175 
PTl•0'\111 
ltT2•0J7' 
PTl•0178 

PTl•C374 
Pfl•C1•11 
,u-01e1 
PTl•Olbl 
PTl•01illJ 
PTl•OJl'll 
Pfl•OU-'5 
Pfl•OV• 
PT2•0J1.17 
PTl•CJ48 
1tTl•OJ!l4 
PTi•0340 
PT2•0141 
PT2•ft]92 
PTl•ClO 
PTl•CJ41l 
Pf 2•034'5 
l"f2•CJ• .. 
PT2•0J4T 
PTl•OJ'8 

,,2-01•• 

Pfl•OIIO'I 
l"T2•0110 I 



an 

00 

•oo 

C 
C 

C 
C 
C 
C 
C 

1?110 
l 710 

1780 u,o 
20i'C 

2075 

2100 

2110 
C 

211U 
C 

2100 
2150 

,,,.,,. 
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APPENDIX B 

DESCRIPTION OF THE SURGE II CODED PROGRAM 

The general strategy of the program is discussed and certain special 
features are pointed out which may not be apparent without detailed study 
of the program. Operational aspects of the program are discussed in some 
detail in Appendix C. 

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

MAIN 

PART 2 

OIANL( 1) 

OIANL(2) 

OIANL(3) 

OIANL( 4) 
LIST( 1) 

LIST(2) 

LIST(3) 

SAVE(l) 

SAVE(2) 

CONTIN(l) 

CONTIN(2) 

whose primary job is to read and check the sequencing of the 
basic data for the block computations; 
which controls the basic computational sequencing, initializa-
tion, and updating of storage, interpolation of coarse wind 
fields for the actual grid, and routine computation of U, V, 
and H for all blocks, considering barriers (basically, the 
SURGE I program); 
which is called only once to read channel data and to estab-
lish certain key arrays for routine calculation; 
which is called routinely to compute flow and water levels in 
channels and at channel end points; 
whose task is the routine calculation of H on blocks con-
taining channels; 

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

which lists the H field for blocks if called; 

which lists the U, V, and H fields for blocks if called in 
place of LIST(2); 
which is called only once to read the positions of certain 
gage locations for water level or flow; 

which is called routinely at preselected time intervals to 
save water levels and flow for gage locations defined by 
SAVE(l); 
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 at the termination of a run to output the 
continuation data called for by CONTIN(l). 

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 elotting positions of barriers and channels (see Fig. 15). 
This is useful 1n 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 Q-IANL(l), SAVE(l), and LIST(l). 

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(l). 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 01ANL(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 OIANL(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 rlDl, the contents of all data in 
COMHJN are saved for possible continuation of the problem, if desired. 

2. Identification of Adjacent Channel Blocks. 

To provide rapid access to values of fl and Q in channels adjoin-
ing a given channel reach, special arrays are generated in subroutine 
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Figure B-1. Generalized flow diagram for SURGE II. 



Q-IANL(l). 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 I,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 
KCXP« 

CHANNEL CHANNEL CHANNEL 
BLOCK BLOCK BLOCK 
KCY« K KCYP« 

CHANNEL 
BLOCK 
KCX« 

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)) =Kand 
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 is needed. This could 
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be addressed as HC(KX) where KX = KXC(K). Using Figure 8 as an 
example, the values of channel flow entering the junction from channels 
1 and 2 would be addressed by QCXP(Kl) and QCYP(Kl), respectively, 
where Kl designates the channel block containing channels 1 and 2. 
However, the flow leaving the junction would be addressed by QCYN(K2) 
where K2 = KCYP(Kl) and QCXN(K3) where K3 = KCXP(Kl). While redun-
dant storage of such H and Q values would also satisfy the require-
ment of rapid access to such values adjoining a given channel block, the 
use of the integral arrays KCX, KCY, KCXP, and KCYP saves storage for 
most computer systems. 

An examination of the listings of the values of the arrays KCX, KCY, 
KCXP, and KCYP, as output by the program, indicates that the maximum 
value of any of these can and usually does exceed the number of input 
channel blocks (KCM). The reason for this is that dummy storage posi-
tions are created for blocks adjoining channel end points. This is an 
artifice of the program which allows routine computation for all channel 
reaches before special computation for channel end points. 

3. Barrier Identification. 

The position of the Kth barrier block is given by the array pair, 
IB(K) and JB(K), which is input to the program. It is convenient to 
have rapid access to barrier information for those barriers which happen 
to fall on a given channel block. The array KCB(K) gives the identifi-
cation of the barrier block which coincides with channel block K. Thus, 
ICG(K) = IB(KCB(K)) and JCG(K) = JB(KCB(K)). If no barriers exist in a 
given channel block then the corresponding value of KCB is zero. Thus, 
in the routine program, a test for zero value KCB 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 is the 
channel block concerned. 

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

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

4. Channel End-Point Identification. 

As a signal that at least one channel end point occurs in a channel 
block K, the value of ICG(K) is negative. If two end points occur, 
the value of JCG(K) is also negative; otherwise, it is positive. If 
no channel end point occurs, then both ICG and JCG for the block are 
positive. This positive-negative coding is generated automatically in 
OfANL(l) 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(l,K) and KEN(2,K) are generated in 
CIIANL(l) 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(l,K) and KEN(2,K) are zero; if one termination 
occurs for block K, KEN(l,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 8-3. 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 S to 8 are those for which Q is specified; e.g., river 
discharge. Values within either group indicate the relative orientation 
of the channel end point in question to assure calling the correct data 
and using the right signs in the routine calculations. 

POSSIBLE 
ORIENTATIONS 
OF ENDS 

2.s 

KENK= 1.2.3,4 
KENK= 5,6.7,8 

3.7 

4,8 

1 .s 

TYPE OF END 
HC=H OF ADJACENT BLOCK 
a SPECIFIED 

Figure 8-3. 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: 0 for starting, 1 for continuation. 

***** Bloak 0 

!DENT Data block identification; 
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IBL starting colWIDl (I value) for listing of block H output 
(normally taken as 1); 

KCM 

NOWIND 

INTER 

NGAGE 

NFL0W 

total nUJ1Der of blocks with channels (including null channels, 
see subsec. 6 of this app.); 

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

interval in SAVE operation (time interval is INTER*DELT); 

nwnber of H gage locations saved; 

number of Q gage locations saved; 

IMIN minimum expected H (feet); 

IMAX maximum expected H (feet). 

N0TE----IMIN and IMAX are used only in subroutine GRAF, applicable to 
IBM "360 or 370. 

***** 

NTIME 

NM 

MMIN 

t,t.tAX 

NFU 

IOUT 

INFLD 

***** 

IM 

JM 

KM 

BZoak 1 

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

maximum nWJDer of time steps for the problem; 

miniJ11um "map time" for wind-stress input; 

maximum map time for wind-stress input; 

nwnber of iterations per map time interval; 

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

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

BZoak 2 

Total nUJ1Der of x-grid intervals; 

total nunber of y-grid intervals; 

total nwnber of blocks having barriers; 
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KMAX 

LMAX 

***** 

DELX 

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

total nunber of coarse y-grid points for wind-stress input. 

Block 3 

Spatial grid interval or block size (nautical miles); 

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

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

FK bed-resistance coefficient for blocks; 

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

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

***** Block 4 

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

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

Kil nunber of coarse x-grid intervals; 

LJJ number of coarse y-grid intervals; 

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

***** Block 5 

1B (I() I location index for barrier block K; 

Jl3 (K) .J location index for barrier block K; 

IZX(K) 

IZY(K) 

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

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

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

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

ICD.5Y(K) submerged wier coefficient for y-barrier (value x 1,000) on 
Kth barrier block. 

***** Block 6 

IZ(I,J) 

***** 

IMRO 

JMRO 

KR 

ISTR 

IND 

NOlv 

KU! 

NORT 

***** 

RF 

CONST 

s 

***** 

LROI (K) 

LRO,J (K) 

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

Block 7 

Number of river input (runoff) locations; 

nwnber of map times with runoff values; 

nwnber 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); 

nwnber 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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***** 

DIST(M) 

***** 

CHST(M) 

***** 

RO(K,M) 

***** 

MTIME 

***** 

HGR(K) 

***** 

HBR(J) 

***** 

XR(K,L) 

***** 

YR(K,L) 

***** 

ICG(K) 

JCG(K) 

IWCX(K) 

IZCX(K) 

BZock 10 

Percent of total rainfall per hour for 24 hours. 

BZoak 11 

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

BZoak 12 

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

BZoak 13 

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

BZoak 14 

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

BZoak 15 

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

BZoak 16 

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

BZoak 17 

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

BZoak 18 

I location index for channel block K; 

J location index for channel block K; 

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

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

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

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

***** Bloak 19 

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

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

H· , if zero, 

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

***** Bloak 20 

IEND Maximum I in listing of block arrays of H, U, and V; 

NF number of iterations between listings; 

IBEGIN first I in listing of block arrays; 

NJ maximum J in listing of block arrays; 

NCARD total number of alphanumeric problem identification cards; 

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

2. Input for Initiating Storm Surge Simulation. 

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

BZoak O ( 1 card) 

READ 1 , IDENT, IBL, KCM, NOWIND, INTER, NGAGE, NFLOW, IMIN, IMAX 

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

BZoak 1 (1 card) 

READ 100 , I DENT, NTIME, NM, MMIN, MMAX, NFU, IOUT, INFLD 

BZoak 2 ( 1 card) 

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

BZoak 3 (1 card) 

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

BZoak 4 ( 1 card) 

READ 100 , IDENT, KI, W, KIi, WJ, JBL, JBR 

B7-oak 5 (total of KM cards of barrier data) 

DO 500 K = 1, KM 

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

500 CONTINUE 

BZoak 6 (total of 2*1M cards of block topography) 

DO 550 I = 1, IM 

READ 100 !DENT, (IZ(I ,J), J = 1, 10) 

READ 100 IDENT, (IZ(l,J), J = 11, JM) 

550 CONTINUE 
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B Zoak 7 ( 1 card) 

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

Bloak 8 ( 1 card) 

READ 250 , IDENT, RF, CONST, S 

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

READ 100 , IDENT, (LROI(K), LROJ(K), K = 1,5) 

IF (IMRO.LT.6) GO TO 575 

READ 100 , I DENT, (LROI (K), LR.OJ (K), K = 6, IMRO) 

5 75 CONTINUE 

BZoak 10 (3 cards) 

READ 250 I IDENT, (DIST(M), M = 1, 10) 

READ 250 , !DENT, (DIST(M), M = 11,20) 
READ 250 , I DENT, (DIST(M), M = 21,24) 

BZoak 11 (L + 1 card where L = KR/10. If KR = O, block 11 input 
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) 

BZoak 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 LeveZ Foraing 
(MrL sets of blocks 13 to 17 where MrL = MMAX - MMIN + 1) 

710 CONTINUE 
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BZoak 13 (1 card) 

READ 100 , I DENT, MTIME 

BZoak 14 (1 card) 

READ 250 , ID ENT, (IIGR ( K) , K = 1, KMAX) 

BZoak 15 (1 card) 

READ 250 , I DENT, (HBR(J), J = 2 ,8) 

BZoak 16 (KMAX cards) 

DO 790 K = 1, KMAX 

READ 250 , IDENT, (XR(K,L), L = 1, LMAX) 

790 CONTINUE 

BZoak 17 (KMAX cards) 

DO 800 K = 1, KMAX 

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

800 CONTINUE 

IF (~ffIME - MMAX) 710, 1,015, 1,015 (710 returns to read block 13) 

1,015 (CONTINUE) 

BZoak 18 (KCM cards with channel data. If KOi = O, the READ statement 
is bypassed and block 18 should be omitted.) 

IF (KCM.GT.O) CALL CIIANL(l) 

DO SO K = 1, KCM 

READ 100 , IDENT, ICG(K), JCG(K), IWCX(K), IZCX(K), IWCY(K), IZCY(K), 
IFC(K) 

SO CONTINUE 

170 



BZoak 19 (2 cards) 

CALL SAVE(l) 

READ 350 , (IGAGE(K), JGAGE(K), K = 1, NGAGE) 

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

BZoak 20 (NCARD + 1 card) 

CALL LIST( 1) 

READ 1 • !DENT, IEND, NF, !BEGIN, NJ, NCARD 

DO 250 J = 1, NCARD 

READ 450 , (ALPHA(J), J = 1,40) 

250 CONTINUE 

Fomat 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 (11, 13, 19, 14) 

100 FORMAT (11, 2X, IS, 9(3X, IS) 

250 FORMAT (11, F7.0, 9F 8.0) 

350 FORMAT (20 I 4) 

450 FORMAT ( 1SA2, 15A2, 10A2) 

3. lnEut 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-s~ress 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 swnrnarized as follows: 
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ContPoZ CaPd: 0 in column 1 

BZoak 0: see Section IV,1, NOWIND = -1 

Bloaks 1 to 9 see Section IV,2 

Bloak 12 (1 card for steady river discharges) 

READ 250 , !DENT, (RO(K,M), K = 1, IMRO) 

AstPotide Bloak (1 card for each 12 hours) 

905 READ 910, IGA, MTIME, (H(l ,J), J = 1, 12) 

MU = MI'IME + 12 

IF (MU.LT.MMAX) GO TO 905 

910 FORMAT (12, 14, 12F 6.2) 

(IGA = 1) 

BZoaks 18 to 20: see Section IV,2 

Comments on Tide Mode. TI1e map time interval for the tide mode is 
1 hour. The MI'IME entry for the astrotide block is the time (hour) of 
the first of 12-hourly values of HG (entered as H(l,J)). The tide is 
asswned uni form 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 II = 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 IIG 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 wil 1 be made ·for a given bay system. In order to keep the 
machine time to a minimum for each successive run, it is desirable to 
use an initial field of U, V, or H which is close to the true re-
sponse at the starting time. This can be accomplished by using the re-
sulting U, V, and H arrays from a previous tide run for the bay system 
as the initial values. (This should be done even if the previous run has 
different values of the bed friction coefficients.) The mechanism for 
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accomplishing this is the use of the continuation mode option, as con-
trolled by ICARD. 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: 

Contr>ol Car>d: 

Contin Deak: 

Bfoaks O to 3: 

For>aing Deak: 

1 in column 1 

Contents of COMMON output from a previous run 

see subsection 2 of this app. (4 cards) 

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 colunm. 

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 ZB values should aways equal or> exaeed 
the lar>ger> of the bloak elevations at or> adjaaent to the side of the 
bar>rier> bloak in question. Otherwise, errors can occur in the computa-
tions. 

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

ye,...s ___ --1 If ICARD = 0 ____ n_,o 

Read CONTIN 
------------ Deck 

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

-----1 If NOWIND 0 

Read Blocks 
10,11 

Read Block 
12 

Read Blocks ------- Begin Calculations 18,19,20 

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-, or three-way branches are 
possible. · 

Four possible right-angle channel junctions are illustrated in Figure 
C-2. The simplest junction is that shown in the upper right panel of the 
figure where the joining channel reaches are in the same channel block 
Kl. Right-angle junctions involving two adjacent channel blocks are 
illustrated in the upper left and lower right panels of Figure C-2. 

CHFINNEL 
BLOCK 

Kl 

CHFINNEL 
BLOCK 

K:J 

______ _.,. 

CHFINNEL I 
BLOCK I 
Kl I 

I 
NULL CHANNEL I 

BLOCK 
t IWCX•IWCY•O ,: 

~fNNEL 
BLOCK 

K2 

, 

CHANNEL 
BLOCK 

K2 

CHRN:EL I 
BLOCK 
Kl 

CHFINNEL 
BLOCK K3=1i 

CHFINNEL 
BLOCK 
Kl 

Figure C-2. Four possible simple bends for a channel reach. 
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The final possible right turn is illustrated in the lower left panel 
of the figure. In this case, the program requires that a channel block 
(Kl) join the connecting channels of the nonadjoining channel blocks 
(K2 and K3) even though no channels exist on the joining block Kl. In 
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(Kl); i.e., in association with the null channel block. 

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

c. 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; 

(c) 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 (IZC) 

(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 IZC 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 en<l 
block is one block inside the boundary block. 
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e. Restriction. Only channels with the channel bed below the mean 
water level (MWL) reference are allowed. The actual elevation used in 
calculations is - IIZCI, 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(l)) 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. Output. 

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

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

b. Sequential Output. Normally, the routine output of computed values 
includes block H arrays and listings of all channel variables at pre-
determined intervals of time (as determined by IOtrr). 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 nunt>er K. The block location l,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 they 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. 

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

COMPLETE DATA LISTING OF INPUT FOR 
SABINE-CALCASIEU REGION WITH 

FORCING DATA FOR HURRICANE CARLA 
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"· 11 Jo• q J .. a q , .. 11111 1va 7n ,.,,, .. c'OQ cnuYe ;,nn 1100 1100 
•• ,, ,~- ?J J"a 0 7•• I.?,, zv, I II r1.•i•• 11nu cnun ?1111 CC!)U 11110 1100 

"· ,, ' ... q J .. a 1n , .. 11," Z•• ,n ro,i.• zoo cn1.1u ;,,,~ C1,S1• aro ,ris•• ao11 
I(. ,~ J-,a ;,o J"a ,,, 7•• 1,) l•• , .. r1>n•• ,oo L•luYa 20n c,·~•• 11no ens•• 1100 
"• 7c, I''• ,, J ... In 7•• I(! zva ,.,,. eo•,i• ,!00 ?tlfl Ct•SU Ill\~ 1100 
Ka 1 .. , .. >.: .l:la I II l•• tn l•• 1 c;n re•'•• .!110 C•1v•• ?nn 11~n crisva 11011 

"• n t ... i'l J ... I II , .. I z,, /Ya 1/1\ (()(l .. 2nn ,n1.1va lOfl COS•• ani, I l'ISY• aoo 
•• ,. 1"• ,., J ... , , Z•• ;,,, Afl zno c,,uva ?1•~ cc~ .. 11(10 cnsva Ol)fl 
•• 7<1 I•·• 1 II J.,. II l•• Iv ZY• 1 "" 

eor1,a ,!OU ,ouva >on Cc<,aa o1flO Cl'l<;Ya 1100 
,u ~" , .. ,, II l•• ?,· , .. ,, CCu•• /110 ('lo.JY8 ?Dfl ru~ •• 11/lij '"S•• 1100 
Ila •1 , .. 1<' J'"• ,, l•• .. ,. lV• 1" r"'11xa ,no cn.iva ,.,n Ct.n,aa U(IO ,nsva aon 

"· ,., ,. .. , .. J'II II , .. ,.,., zu 11\0 rCoJ.t.a .. ,,,, '''"'"· ?,,,. r~~•• 1100 ("l'IVa 110n 
•• .. ' t , •• .. J~• Ii' l•• <11· ,,,. .,, C' ,)1' A.. /IIJ L"• va ,",n ~no (l'ISY• 110~ 
•• "" I••• 1 J~• ,., , .. .,,, /Ya "" "11l' •• ,.,~ (')IJU >fin Cl•'\&8 "IIV t ,,, •• 11nn ... kW, ,~ . ,., J"• I) , .. ;,,. 1va ,~ c'llU lull r•,!>•• Uf\u ( l'I\Ya £1(,tl 

"· "" 1 .•• ., J,aa I J l•• r,r, lY& 1C,fl ,,10 ,'(lft Cull•• 11r.i t ll!,Ya 110n ... . ., ,~- 1.S Joi• I\ , .. .... zu 1/11 Ctl' • • lOO t ''\,; •• ,~,. i.no cn~ve aoo 
•• -~ , ... ,11 Jwa I' , .. '" zu .. ,. r,Clll• jftll Cl'oJYa ;i~n c.,s,a 11~1• (l'IHe 111\0 -· ,ci s J"• 111 zu '" zva <;o ri.,,. •• ,no C•'h,,Ya l~ft r1 . .,,a 11110 aoll 

-· I/~ y,.. ., JQ& , .. , .. ~: zva .,,, r L ,, • • ,~o L,~\.IYS ;,nn r, s .. .. n~ Ll1~•• 1100 

"· Ill ,~. II J .. 11 I 1 1 .. ,; .. , .. ,.,11 rt 11, • tt,11 C"~•, ,i»Ofl """ (l'ISYa U(ttl 
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1[11111• 1, IIL•'C• TOPO(,~AP•<Y• Z VAl IJVS JIii Ft.ET 
I •i>O •• I ' , 3 J II 1 Ill 
l II 10 21 i!• l'. j', .)ft l~ 3c; 100 
l •i>O •tn n I , ,! J ,. II II 
l , 10 10: ll i>'S l'5 l~ l" 30: ton 
l •i>O •ll , , I I I l I, 0 
l Q 1 II I& z;, zc; l,l 1 1 100 
II •i'O •ll I I , 0 I I , II 
II 12 ll 111 l" 21 1'5 3 1 1 100 
lj •'Ill •10 ., n , •I •I ., .. " '5 l'i 11 10: I I 1 1 1 100 
I, ., .. ., I I n I ,. J ' 3 
I, l'i 1 I , I In l~ ,. .. 10n 
7 •II l ' ... ... •Cl 'i •I 'i 
7 I 1 I 3 , .. '" , .. lO 1c; i'i 100 
II .a I i> /\ ' •'i •& ;, '5 tl 
II 11 I I, , .. I /I zn , .. ,!'i Jn 100 ., .,, l l I I ... ., ... ;, , 
• I I t\ 1c; ,, ,., i!'I n J(I 100 

10 -2n •II I I I .o: ... .a ... •Cl 
I 0 I , II Ii> '" ii u lll lo I on 
II •lJ •10 I I I ... ., •1 ... 
II I 1 " II I" lO u. JO )lj too 
ti! •ll •ll 3 , I I I I •U •3 
ll a t, Ii> "' It- lO ll l'i lft too 
tJ .,., .,o; lj ;, I I I I I I u I .. 111 t:> ,, ,,. .?2 jO 3,! tnn 
Ill •13 •tl II I I I I I I I , .. I I ' , ti Ill in 1'5 ,!n 10') 
t'i -1, •H l I I I ., 0 I , 
l'5 ;, ;, I ;, 3 , , 10 1;, ton 
Ill •21 •12 I I I I 0 ., I I 
Ill I I 3 " ll 10 I 0 l'5 l'i ton 
I 7 •ll •ll I I I 0 0 n I 3 
I 7 I I I 0 , .. i!O l ', l'5 J') 100 
Ill •li' •II I I I 0 .n I 3 3 
Ill ;, l .. In 10: ttl lo l'5 ln tno 
1• .,o •8 •I 1 I I I ' I II ,. 'i 'I " It 111 l ti iO lO ll ton 
lO ., .. I I I I I I I I I 
lO ' 8 In I a , u 111 to ll 2c; ton 
21 .,, I I I .a I n 1 •I I 
ll 1 I, tr Ii> tU , .. iO ,, i>'i 100 
22 •t'i I I •3 .a I I lj 0 , 
ll '5 I, 10 l i> J/1 10 iO 17 l'i 100 
13 ·" I I •U .o; I I o; I I 
2l a I, 11 " , .. 1a ,!f) ll 20:. 100 
2<1 .,, I I •II ., ., ., •II ... I 
i!O 3 I 10 " t'i 1'5 l? li! i'i HO 
2', -,~ I I •'i ... _,, •2 •II I I 
1'5 lj " II ll t'i 1'5 lO 22 2c; ton 
211 •tn I I I I I I , I 
211 II " I •O: l'i l 'i lO ll 2'5 trn 
l7 •tO , , I I I I I , I 
27 .. 11 (I I 1;> l'i to 22 2'5 100 
1.8 •Ill 100 ton I Oft ton 100 100 ,oo 1(10 HO 
28 100 100 ton Hn ton 100 tun 10n 100 tor 
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0 
0 
0 

1 
I 
I 

2 
2 
2 
l 
l 
2 
2 
2 
l 
2 
2 
l 
2 
l 
z 
l 
2 
2 
l 
2 
l 
l 
l 
l 
2 

l~NT• 1 lMAO• l JMPO• l5 K~• ,5 ISTAa 25 I~D• lb NUwa as Kl"'• as NORT• 15 
IONT• 8 RF• 4,000 co~ST• .•non S• ,23bbl 

10'"1• 10 
,ol)e 
,03c! 
,OJO 

li>NTa t1 
0 • (1(10 
0,000 
0,0110 

tl 
800, 
1101), 
111(11). 
1100, 
11100, 
l'oi, • 
•on, 
11100. 
11(111, 
ooo. 
CJoo, 
0011, 
qon, 
0011, 
Q(I II• 
oon. 
0(11\, 

1 '\I", 
111n, 
tlt0, 
11111, 
l Jt 0, 
1110. 
111", 
tlll'I, 

l PAIRS ()F l,J FCH~ i:111"-l"H LOC•TIOl'.IS 
15 4 10 10 10 

PENCENT ~•lNFALL EAr.H 
,0010 .no10 ,001110 
,nJoo ,04170 ,001n 
,0250 ,11210 ,OlllO 

CMANNF.L 5TwE~S VALUF.5 
0,0000 n,oon11 n,00f'I0 
0,1101)0 0 ,1'11)1)0 0,0000 
o,11o'lo 0.00110 0,0000 

1'1APT1••E 
,ntoo 
,t11100 

AT MAPT J'1~S 

"· """0 n,0000 
n,oi,no 0,0000 
n,11000 

] SETS OF RUNOFJ' VALUES I•• CFS FOR 
I I II 1 • 1520, 
111,.q. 14811, 
1noq, 141'"'· 
10 .. q, 141('0, 
111qo, 10811, 
tt1QQ, l 4!11'1. 
I Oqq, l 41811 • 
1nCJO, I ''8 I)• 
IOqq, 1 ""I). 
lf~i?. l'5bl), 
11~1. l'5oC, 
11 5;, • lSell, 
1 I S2, 1 ,;,,,, • 
11 Sl, t5o0, 
1152, tc;,,n, 
11 51., l 'ibl'.I • 
11~2. 15011, 
1•12. l"&" • 
1•12. 20&11, 
1812, 2nbn, 
t "12 • 211&11, 
11111.. lOe'l, 
l II l i • 21\oO, 
l 1112, 2oet1, 
11' l 2, 21100, 
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I) 

,0180 
,twbo 

o.ouoo 
o,ouno 

,nZlO 
,1411)0 

n,nooo 
0,0000 

25 MAPTI"'ES 

0 0 

o,nooo o.nooo 
0,01100 0,0000 



HGQ FOLLO"'FO ij'( t,lt,Q ,..,11, y ( Pl FEFTl AT OITP•t= (I 

" 11 .5110 "'•SOCIO ,,.c;oc,o ". s ~/\I) a.SCII\O u.sooo u .5'.11'10 11.isooo 
5 J.i!OO J.?.oOO loZllCIU 3.Zul\(I ,.?()Ill\ 302000 1.zuno 

l(ij V•LUE.SCTO"'TO) h11) YA VAL!•(~ (Jl"l•1Ta7) AT ••APTI .. E• 0 
6 •oll1q • 011 t ll l • 0 0 l)Oll •o 1\(111(1 •o "(I"'? - 0 (I\)'\ .. 
ft •0027 • 0 0 lt>ll •onoCJt • 000111 I - o 111\f, s • • i'u'!>, 
6 •0030 • 001 i>tl •• nino •• ou13 ••"O"II •• oui;, 
6 •• o~tl •. n 1113 ••I) 11 O •• (IC,7J • • 1)(1,_U •• noc;, 
6 •• oza • 0 1'1130 •. (I' ('15 • • 00 7 3 • • 111)/'IU •ollllSO 
6 •ell?b •• nzzs •• ooq11 •• 001u •• 11oi,.c; •• ou'!>o 
6 •oOlb •.112,r, •• noo11 •ell117u • e llOf-5 • .ou'!>o 
6 •• ozei •.olZ'!> • ol'I00"' •. no111 •e 11 0flt; •• 1111so 
7 •0011 -.0037 •oonJJ •ol)O?O • .n(ll'.\ •• 0020 
1 •• on11 -.ooss •• 110,0 • e llO?'.> ••"Cli>n • .1111 I 8 
7 •• ot1q •.nnS7 •oll030 •• 00111 • 0 /llll7 -.out, 
7 •• on7 -.01130 •• no'\l • oOU?".1 •• not7 • .o O I'!> 
7 •oOllO •.(1030 ••"ol'I •• 11011 •• no1i; -.ootl 
7 - .1)1'15 •.oou11 •• on18 .;notu • ·""' 3 

•• 110 t 1 
7 •• ,,ns • 01)0CIII •• not& •• 1101u • • n111 J • • •l O 11 
1 •oOO'!> •• nou11 • • 1)01 ti •oCl0111 •• notJ -.0011 

MGl1 FOLLO•,F.D tlV M!:IQ &HRAV ( 1., Ff FT) AT 14Tl"tc 1 

" s.St11) ~.c;l)/\0 1;".c;ooo S.'i,HIO c; 0 c;onl) s. Cjl)110 s.c;uoo s.i;ooo 
5 ".sou u.sooo ·u.isooo u • 5(1110 ''•"OClll u.sooo 11.c;ono 

XR \'&LIit.SC TO"'hb) &'lll'l YH V&Ll 1F" ( J0NTa7) &T "APTI ... E• 
6 •• 0,1 ••"I 1 Z •olll I l •• !'In Clo • • 1101n •• oosu 
b •• ('IJ 1 • 0nlOO •eOI Cll •• n \)O 1 •• no11 •• nusu 
6 •• ,nz ••'lllJt •• o,,u •• ouo1 •• ro11 •• ooS'!> 
6 •oOJ2 -.11172 ••III Ill •• 00°1 •• 111111 •oOOSS 
fl •• n,z •.n1uu • • n I I 7 •• nl'I~, •• nn11 •• noss 
6 •0030 •• 11zu" ••'I t'O •• ov•3 • 0 1101 l •oCObll 
6 •• 010 ••"l"" • • 0 till •elli)AJ • • ",;, 3 •• 00011 
6 •. n J<1 • 0 1\lll.i • e 1'11 I ti • • 1)11AJ • • nt11'\ • • •lObU 
7 • oO I.\ • 01111") •• 110113 • • •ltlJc; •• 11r,11 •.ouZl 
7 •• 011 •·1)1)1)9 •• nos!> •• 0 ,, 3 t ••l)ll?'> •o'lOlY 
7 • • 0 I 0 •.nuU3 •. no 111 - • O,l )(I •• nn?S •• (I\),,, 

7 •o009 • 0 1)0Ub •. or,u 1 •• /IIJ-'1 •• l'IO'Z -.01117 
7 •• oot\ •·(103.S •• 1101,9 • • n ,, , l • .1111?1'1 •o<'OIS 

' •• oil~ •• 1'10"!1 •oll02!> •• Ov I'! •• 11011 • • "" 1, 
7 •• 11no •.nous •oOOl!) • o0\/1 i, -.0011 -.outs , •oOOb •• 110"1:1 •• no;t!) • • Ot, t •• no11 •• 0015 
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NGR FOLL0i.EO 6Y M8R AWRAy CJ._ FHT' AT ,.., l "E • z 
0 ooll'IO o.?ooo .,_,.0110 h 0i'o/l~ .._, • ~011,, 0.2000 0.2000 ,,.,ooo 
5 5oZOO i;.2000 'S. 21) l)i) '5o2uoo -s.,1,no '502000 s.2000 

XA V&LUES(tO~Tao) &Nr.> YR YALllE9 (J('l~Ta7) AT ,..,PTI"1f:a l 
ft -.011 -.0110 •• n1?l •• n111 •• no11~ -.oo'5l 
ft •• n11:1 -.nz11:1 •oOtti! -.01111 •. ooon -.oueo• 
ft •oOlo • 0 n1oq •• n110 •• 01112 •• noo1 •.0081 • •• o,o •.n1fl7 •oOlliS •0"1/1] •• 11001 ••(I C,81 
fl -.0111 •• (I 1113 • ·" 1112 • •" 1 n11 •• 11002 • • 0 011,l 
6 •0035 •.riz11z •• nic111 •• 00011 • • noii l •• no73 
fl .,o,!> •.nl14l •,01''" •• 00011 •• 11 0•1 •• 1)073 
ft •,03~ •,l'li!8.! -.0111" •,00011 • .110111 3 •• 1101 J 
1 •• 01c; •• IIO'it, •• oo-sl •oOOCl7 •• 110111 •,()t)2,l 
1 ••Oil •.oo7Q •• 0011) •• no,q •• 11n,~ -.0011 
1 •aOti! •.ooss • 0(\0115 • o O ll Jc; • o 0/1' I •.110211 
1 •• 011 •• no'Sci .,1)(11111 •• nv~2 •• 110111 •• 11v20 
1 •oOOQ •.ooJo •• o,ne •• 00,11 •• 11021 •• (11)211 

1 •o/101 -.0000 -.ooH •o00?2 -. 11 0,1 • • 1)(11 el 
1 •• 001 •• 11000 •• nou •oOC?l • .1111:, I •• not~ 
1 •• on7 •.ooe.o •• 110:u •• oc,;n •• 11011 •• ou1e 

Nr,11 FOLL.0.,E'O t,V M[IR AIIAAV (l•t Ff,T) AT l'ITJ .. f.• l 
0 0•000 o.nCIOO fl. nol'lo e-. oon,., "'. no 1111 o. nOllO e..nooo ftoOOl'IO 
5 •;.zoo s.20110 -s.zoou s.1,1 no -..,(lnr, s.2000 s.2voo 

U1 VALUES( JO"lTao) v~ VALIIFA C Il'l~h7) AT .. ,PTIME• 3 
fl •• 0110 • ·" 1 ~ti • oCI I ?.S •• 0111 • 0 n 1 llf'I •• no11q 
fl •• 018 -.11z01 •• n120 •• n1nz • .11001 •o/101'1 
fl •• 010 •·11,l(I] •• 111:JJ ••II 1 II l •• nooz • • 00111 
ft •o0'\7 •.112ns •• n1112 • • /1111 ll -.00°2 -.ooez 
fl •oOJS -.01111 •• 01-sc:1 •• 0105 •• 1'(111] •• 01.17J 
ft ••013 -.11.sns •• 111115 •• l'IC011 •• 00•1 •oOu711 
fl •0033 •,OJ:>5 •• n111S •• 11001, • .11c,11 l •• ou7i. 
6 •o/133 •.nJnS •• 111ciS • .11.;;011 •• nl)A] •• 00111 
1 ••015 -.oos1 •• 0011c1 •o0UII~ • • 1'1011/1 •oOOlc 
1 •0013 • 0no1to •• 001111 •• oo,s .,11(1'.\1 •,0028 
1 •0011 • 0C105fl •oOOIJl •,003? • 0no::iia •,002'5 
1 •• ono -.0051 •o01'138 .,nv?.8 .,/l(li>7 -.00211 
1 •0007 -.11011 •• 0011 •• nv,11 •. nl'll 1 •• note 
1 •,005 -.00511 •ol'I020 •• 001 A • 011(1111 •oCI01o 
1 •0005 • 000'ill •• 0020 •• no1A •• 110•• -.ooto 
1 •o0/15 •.noso •• 0020 •oOill 11 •• 11018 •• noto 
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"1GA FOLLO\IIE'I> t!V 1-'l!R &~RAY Cl" FHTl. AT t1T I~~• " II •;.sno '5,Aooo '5,1:101\0 '5,8111>0 i_ .•,,110 ',,tlOOO '5,8000 5,801'10 
s 5,200 5,?.000 s.zono 5,2fol'I(, c,101111 s.zooo !l,2000 

XP VALUES(lDI\ITee) Alllf'I Vfi VALllfS r 1f'l111Ta1l AT MAPTI:-!E• " 6 ••052 •,020~ •• otTc? •,OlCt, • • n 111 2 •,0128 
6 ••053 •,112A2 •• 017-' •• 01i;" •• 0110 • ,o II 7 
6 ••0'50 •,Cl22b •• 017!1 • ,O I II!! •• 11 111 •,0118 
6 • • (1118 •• fllll . .1 .,,,110 • • 01 llb • ,111111 .,no<15 
6 • t 011', .,n2zq •• 0211 •• 01,3 •••'llQ •,l'llOb 
6 ••0''3 •,n.Hti -.01011 •,n1,1 •. n 11'17 •,1111,;s 
6 ••O"l •,n3111 •• 01q" •• 01~, •• n I C\1 .,noi-s • ••O"l •,t137tl •• ,, 1 o .. •• CIUl •• ,q t>7 ·•"",;s 
1 ••Oil •,11051 •• 00110 •• 00115 •• 110111 •,Ou3Q 
7 ••010 •,t>ObO •,00410 •,0037 •• 00,1 •,OCl'I 
1 .,(11)11 •,110(10 •• 110111 •oCIOl" .,oo:>ll •• nozs 
1 •eOOb .,noll •• oo:>s •• 0011 •• nozt •,0017 
7 •• 001 •,IIOlO •• 110.?l •,OO!t, •• no11 •• 01111 
7 •,002 -.oozo •• 110111 •,0012 • ,no 11 -. 11 010 
7 ••Ofll •,11021.1 •• not" •• 0012 •• 11 011 •• 0010 
7 •• ooz. •• 11020 •• 00111 •• 0012 • • 11011 •• ,1010 

HGA FOt.LOwf'O tlY I-IBA '"A&Y C 1>1 FEFTl AT MTI"1~• 5 
II 60200 b,1000 'i,2000 b,20~0 li,20011 6,lOOO e,2000 6,101\0 
5 5•500 s.i;ooo '5,500(1 '5,501'11) c,i.ono S,'SOl\u 5,51100 

XA VALUES( IO.t.ih6) U,O VM VALIIE!I (Il'l111Ta1) AT "'APTIME• 5 • •oOb':i •,0241" •• 021!1 .,np1q ·•"173 •• 1115a 
6 •, Oltl •,0173 •,02118 -.0102 •• 011io •,0131 
6 •• (1'5Q •,030d •• n210 •,Ol7i, • , I\ 1 f-O •,01115 
6 •• 057 •,02418 •• oz;,q •• o 117 •,llt61 •, 0 l "b • .,057 •.0268 •• 112111, •,0162 • • n l 117 • • 11133 • ••O'H •,1141541 •,02tc? •,11162 •,111417 •,0131 • •• os't •,041541 •• n212 •oOlfll ••I\ I IJ 7 •,013.S • •1051 •, (141541 •• 0212 •• nu,z .,1'111.17 •• n1u 
7 •oOll •,1'104111 .,no11d .,I\C,1111 • ,11(111(1 .,r,01q 
7 •,OOQ •,IIObO •,0037 • • OCl1CI .,no~, •• 11020 
7 •• oos •,no3l .,00413 •,0028 •,O'))fl •,OUlb 
7 •0003 • 01\0HI •• 00211 •,00\Q •• nozo •,0021 
7 •• 001 -.11010 •• oou • ,001 I •• no11 •,not" 

' .001 0.0000 • 0 0004' •oOOOb •,fl(III(' •.oooq 

' ,001 0,0000 •,00041 •oOOtlt, • • l'll)fl8 •,I\OOQ 

' .001 0.0000 •,0004' •• oont, •• nooa •• oooq 
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MGR ~OLl.0~,EO av ... A~RAY (l•J F'fF'T) u :·IT I••t.• b 

" .,,500 b,C.<,1)0 ... sooo o. 51: n 11 "'. c:nnn 11,sooo o.c.ono o.~ooo 
5 SobOO s ... ooo .,,,01)0 ~.oonn r;.f,()/10 s.oonc, s.oi;oo 

llA A",(' V W VAL!lf!I (Jl'IMTa1) AT .. t, 
t, ••<'"q -.112118 •• 11211 ••l)IQJ • • n I b t • • (' 1 lib 
t, •oO'iJ •.(llll •. n2 t 1 •• 0117 •• nu,2 • o l' 1 "0 
t, •oObO ••n2bl:I •• 02?.o •o01fl2 ••"I 'J7 -.013l 
6 •o0'54 •.nc?lo •,02311 ••(I 1 fie? •• n1,:s •. n 1 e,o 
6 •. or; 1 •.nzlq •• n21q ••(I I 117 •• n1?n •eCOQe, 
6 •• 011s •.11152 •• 11104 •• 0111 •• ,11 '" •• 0108 
6 •• 0115 •.1'13'52 •• 1no1o •• 0111 • • n I;,".' -.n1,,e 

-6 -.0115 •.o.552 •• 01011 •. n 133 ••I) I ,r- -.01,~e 
1 •• (11)5 •.noi!c? •• 0022 •• no?u •• 1\1),?3 -.ooc?3 
1 •• 1)()1 •• no1c? •• on11 ••II c, I e, • • 1'(11 7 -.01116 
1 .onl 0.1)000 •• 0000 •• oon., •• nn10 •• null 
1 0004 .none; • 1\0011 n.oon,, .,,.onr; •eO!iOCI 
1 ,01)5 .0020 ,on12 .oons • "Ol)i! n 0 o(IOO 
1 • 0 Ott ,no111 ,nc,17 .oono ,oono .non" 
1 .one ,l'l(lllj ,111111 ,()(11\Q • () (I l)f, .00011 
1 .one. 0 01141 .0011 .nooq • I) 0 (If) .00011 

"4GR F'IJLLO .. EO bY l"lttR ARRAY ( p.; F'fl,"T) AT "1T 1 ··t.• 1 

" b•c?OO ei.2000 6,?.0110 fl .;,,)/\(I ",1nt10 ... 2000 1,,2000 6,1000 
5 5,114)0 S,11000 c;,11000 &;.1100(' c; .uon" s,11ono 5,11\100 

llR lrALUt.S( A••O VA vALllF.' (Jl\11Ta1) AT 1 
t, •• (165 •• nz117 •. nl 11 -.01011 •• 1111~ •.0lbl 
t, ••0'50 •.nJ07 •• n211 •, I\ 117 ••l'llflc? •• 01111 
t, • • O'it- • • (lc!llf, •• ()c?10 •eOlf-2 • • n I 111 •• n1 :u 
t, •o(l50 •.0201 •• nc?(lli ••<II u,- ••" I 3,? -.011c.i 
t, •eOUli •• n2ns •• n2n1 •• n1,, ··'"•110 •• n1r1 

" •• 03q •.f'lc?1tl •o!IIAQ •. n 11 7 •• (\ I "fl •.C111QS 

" •·(l'Q •.0278 • • 0 I llll •, n 11 7 • • n I 1'16 -.ooos 

" •,('lQ •,Ol1b •• 01•9 •• 11111 ••'lll'lt, •.ooQS 
1 ,one .nozei • /)0, s • 00 I l' • l'ICl'lilo .nonl 
1 .010 ,noi,J ,n!l,c! .n,115 • no I 1 oCIOOtl 
1 ,(11 0 .00110 .oo 30 ,001" • 11n, I) ,0007 
1 .o t1 ,001141 ,1)031 ,OOc?l ·""'" • 00 t !:I 
1 ,Oil ,nos1 ,001141 ,l)O?.S • 1)(11 Q ,1)015 
1 .012 .no79 .onu1 .0021 ,nozo ,tl017 
1 .012 .no1q ,1)0411 .non .(1010 .0011 
1 .012 .no1• .oou7 .0021 ,001(1 .no11 
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HGA FOLL0.,EO 8V .,."A 4~1h V (1"1 FHT> 4T t•TIUt• It 
II e>oOl'IO 6,001'10 f!l,1'1000 ti• (I U 111'1 fl• l'I () II (I ei.0000 &ol!l/00 &,noo0 
5 5,Jno '5,1000 s.10no 5oJOl'III -., 3G"l'I s.1voo 5.31100 

XR 4t•O YR V&LUES ( ll'll1T•1> 6T "'•PTlME• 8 
fl •oOUtl •• ,,i•s •1n1'5• •• 01113 ••"11n •• ,)111:1 
fl •oOUl •, I'll 1 c, •,01'5~ •• 01211 ••"lie, •,nlll5 
fl ••C 3q •.01ot1 •,Ill SC, • •" l I c, • • n l l'IJ •,(1,)9,l 
fl •o03U •• n1'5o •• n111t ••01 h e,1'1001 •• no1, 
6 •oOlO •• '11111 -.011• •• oo•o •• 110110 •,,)01l 
6 •,o>.• •,01'5 -.0100 •,(1018 •• 111110 •o008(i 
6 •o01e •• 1111~ •• 0111q •o001A •• 0019 •oOClflO 
6 •102& •,I'll 7!) •• 01oq •00078 •• no10 •100~(1 
1 .011 .no1to I ,,,.us .ou,,. i "n," .002~ 
1 .01e ,noH ,noi;u .oon • "O 1 I 1(10Ze 
1 .011 0001e • 1'1(111\1 .no,, • no J 1 .ouzo 
1 t'11e .nu&J 0nr,t;J • 0(,lll • 1'10 ,o .1102c 
1 .01'> •('IOf>i .no•q, • n 1• , 11 • /11\i'O olliliJ 
1 • 0 I" ,noA!) .1)1'1"1 .n111c; .1'11)11 .0021t 
1 .o,u • II C ~'> .11.-c;1 .no1s ,,.n,2 .nuzo 
1 • 0 1" .oo'l!) ,on'il .00,5 .(10,2 .Olii?'-

HGA FOLLO,..f'D l'IV ~HA &HAU (1', F[JT) n folT l"'E• 0 
II 1o?fl0 1.10110 7.2<,(IO 1 • 1l1 t'O , • 201\1) 1.zcoo 1.2000 1.1000 
s 6olll0 •.lcllo &ollll!U f!l,20'10 11.2000 &ol000 6,2000 

XN ~•LUtS(J~~Tec,) 41,0 'IH VALIJ£9 (ll'H•TaT) ,, "'•PTIP'E• • fl •oO&O •• nzuo •• 0110 •ollc?l'IJ •• n1flc, -.0111 
fl ••<''57 • 0 11J0l •• 01u •• n1•s ••'>144 •,0155 • • • 11'50 •.nzqc, •• nzuo •ol'llfl', ••"'~' •.ouq 
fl ••0"5 •.'Ille? •• 1)21111 •oOIU8 •• 11111 •,Olle 
6 •o017 •.n1To. • • 0 l fl-I •olll 13 •• n1;,z -.0110 
fl •oOlb •.n2ua •• 111112 •• 0110 •• 111nA. •o0lt11 • -.01e, ··"2"11 ••"l"l •.0110 ..n1n~ •oOl&l 
fl •o01b ••"l"tl • • 11 I 112 •• n119 •ol'II"" •olllbl 
1 .on .(1100 • 1)(171:1 .noc,s .'10'57 .00110 
1 .o,ei .0115 .110110 .00110 • "11'5~ ,noso 
1 ,(In .n1 so .oo 0 o .00111 el'IOC.11 ol\0'50 
1 .0~s .01u .ono1 el\06& • "0 '5'5 .ooue, 
1 oOll .00011 1oooe, ,01>&5 .nosu .00110 
1 .o,.J 0 n1111t ,(Ion ellOfil .11(\~J .001S 
1 ,on .01ue .no1q .00&1 •"~'53 .0015 
1 .ou .01111:1 .0on .00&1 ,OOl§J .00,5 
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MGR FOLLC.,.ED BV M8Q AMRAY c1~1 'tr:Tl lT "''l''t• 1 (I 
4 7,01)0 7,11000 7,0000 7 • 0.lf'II) ,.111,no 7,t'OOO 1.0110,> 1.11000 
5 ei,ono 0.0000 fle/1000 1t.l)OnC1 -. • f'I O "(\ o.l)vOO 0.0000 

x, VALU[Sctn~, •• , A -.I) ., .. V Al,.llf.5 (T N:Ta7) aT "APTIME• 10 
6 .,ouA • • () 1 qCI •• n11Y • • /l'l -.,, •• 111uo ••. ,115 
6 •oOlll •• 11j1.1, .,11171! •• 01,1 •• 111.,c; • • ,, l 1 l 
6 •,OH •.nJA7 .,n1r;o •,Ol.?2 •• J')!l,? • • 01 (I 1 
6 •1012 •.ot7o • • 0 I ]c! •• 01110 •• J'noo •• (\ 0 0,) 
6 .,o,c1 •.01111 .,01r;7 •• •lOOo • • r.,,117 •.vu,~ 
6 •10241 •,1110~ •,010" .,(1(11,!, •• n(,71, •• \/ C, 11c! 
6 •o!llU •,010~ • 1/llll" •,l)l)Ac; .,111171, • • ,1000 
6 .,01u •,Otot; ., 1)11111 •• 0011r, .,l'n,,, 

•• '"' 1')11 

7 ,o?·ll ,l!OAo ,oo7o , 1'0fl1.1 0 II(' 'JII ,()01') 
7 ,on ,01011 ,non ,noc;c; ,rniJP • n u111 
7 ,011 ,(1000 ,no110 ,l)OCi11 ,11~u5 ,,,u37 
7 ,0.?0 • 1'10011 ,noo7 , 0 11 Ci 1 • f'I :'I /J? • ,,o J .. 
7 , r,i 8 • OvA l ,nn11.s , /lullo , I\ r, u 1 , 1) 11 ,o; 
7 ,oto • n l Ill ,no1to , llOIIS , 11,,, • 1)(1 }} 

7 ,010 ,n1c.s ,11(100 , OOIIS • 110 ~o .oon 
1 , (11 o .010.s ,ooeio • 1)0115 .nn10 .1111}3 

MGR F'OLL1h·Ft: 8V M!!R A~AAY C F'tFTl &T MTP·t.• 11 

" 5,~00 ').MOO c;.AOIIO r;,t\u(IO c; • II O 1111 s.11uoc- S,8000 c;.AOOO 
5 5,AOO r;.11000 c;,80110 r;,80110 c;.fl(IIIII "i, 11 001) s.11000 

ICR v•Lutsc ru-.iTao) H,0 Y~ VALt•E!I r If'l,Ta7) AT •ttPTlMf• 11 
6 ••{IC.II ••f'lltl •eOJOQ •.C't,-o ••"l'if- ••(llU} 
e, •• oue, •• n211!> •• 11100 •• 01c.3 •• I\ 1 "" •• n12e 
e, .,1)110 -.11225 •• 01~0 -.1)1,11 •• 1112 .. •• ,,11" 
6 ••017 -.111,0 •• 01117 ••Ill,?\ •• 1111.? • • n 1 l'Z 
6 ••013 •.(11'i7 •• n17') • • r, l t (I •• 11000 •, 1)1)/;0 
to •,02" -.11100 •• Cl t JO • • l)QOfi, • , n 01111 -.oo7Y 
6 •e/128 •,(1100 •,0130 •eill'O-' • • ,l(l/11@ •,007q 
6 ••028 -.0100 •• 01Jv •• nc,ot' •, 110•111 •• 1)1)7',, 
7 ,0211 ,OO~c, .0(172 ,O(lc.c; 0 1\1) •J~ .no,o 
7 .n:n .0109 .no,11 .ovss .nous ,l'.lOH 
1 .021 .010!> ,oo,~ .oor,3 ••lOl.li, .Ou.SO 
1 .011 .(1000 .O(lt,O .ooc;z .nou-s ,OH~ 
7 ,010 ,001U ,OOAS eOOUQ • (IC,lll .110!0 
1 ,Ot& ,Oll !, ,llf'l~q .oous • 1\1) JO .0011 
7 ,018 .1111s .001,0 ellCilllj ·.0010 , 1 J3l 
1 , 0 I ti • n 1 IS .001,0 ,oour, • IIOJQ eClBl 

188 



HGR FOLLO"'F.0 SY A~lhY ( 1~ FEFl' AT i"Tp11:,a 12 
0 6,21)0 6,2000 1,,20110 0,201111 "• .?r "r, b,,?000 bo?V00 6,~000 
5 5,31)0 cs,,0011 5,1000 5,3ul'lo li,3000 '5.3000 s.1000 

XR VALUES(JONTat,) , .. n v;, VALttE~ ( IOMTa1) AT "APTI1'4(• ll 
6 -.cu11 •,OlAb .,n1111:1 -.01,0 •• 111?0 .,ntt'I 
6 •,035 •,t1lb9 •• 01110 •• I) l ZII .,n115 •,011:'S 
6 •,(l,q •,1111>S •• 11110 •. fl I no .,11001 -.oo~l 
6 •• ozs •,1113b •• 0110 • • 1111• 1 • • (\l)A I •. flu 711 
6 •,0?1 •,(1101 • • 0 l 1 S .,n1,11 • • 1)01(1 •• ooi,3 
6 •,018 •• O P!l •• 00011 -.005q •• 11111!11 •.ooss 
6 •,(It" •,l\lll •• nool •,l)OliO •• I\Ofl I •, OO',!) 
6 •,018 -.11121 ••"OOl •• ooir.q •, 11(16 l •,OllSS 
1 ,011 .0135 • ooq"' ,ov•u ,no11 ,,10b1 
1 ,O?q ,(Iii? ,01nl ,noAo , (IO f,O , 110'5d 
1 ,0,?5 ·"• 3.3 

.ooos ,0067 ,110'57 , 01)111:1 
1 .ou ,ntlll • 0110 I .00~3 ,noc;.? • OV"l 
1 ,(l,?0 ,008tl ,t"OOl • ooir.e ,11(\Qq , ooo1 I 
1 ,018 ,n100 ,n(l77 , n OU b • I\ OQ11 o tl II 3 7 
1 , 01 ti .0100 ,11011 ,01111e. .11111111 o01ll7 
1 , 0 I A. ,n100 .0077 ,OOllt, , II (IUQ ,OOJ7 

HGR FOLLO .. FO bY NF!R 41,QAY (lt.i ll'EFT> AT MTJ••E• 13 
0 b•b4'0 fl. ,-o 1\1) ~. i,n 1'10 & o /)II II (I ,.,,.(l{ljl ,:,,70110 b,1000 6 0 7000 
s S,MO S ,110/)\) a;, llono c; ,,.o no li,•OilO 5' ,81)110 5,8\lOO 

Jl[R VALUt.Sc to••Tat,) , .. ,.., y~ IIALl1E9 rJ0'-'•7> AT "•"TIME• tl 
6 -,0110 •,(1255 • • 1121 d •oOc?lt • ·"2"1 •• 0101 
6 •,0112 •,OZ~l •• n1011 • • r, I 10 •, r l t-o •.111sq 
b ••017 ··"'"7 •• (I l A\) •• 111111 •• 11 l c; 3 ·•"133 
6 •0033 -.111q7 .,n110 •• 01115 .,nt?b •,('.111)0 
6 .,(128 • .o 1 '5" •• n1i;o •ellll"A • , 11 ti I •, 0102 
6 •,0?." •,11103 •,n1 ~!) •,0110b .,1'11170 •,I\Oe,o 
6 •,0111 •• 111q.3 .,(Ins .,11,!0b .,11010 •,0llbb 
6 •• 0211 •,Ol~l •• 0 I J!) • o (I 1lOt, •, 1\,)10 .,n11t10 
7 ,o'Sl • 112"0 ,n1•0 ,016'5 , II l ;ib ,n12d 
1 •0"1 , llii!'S l , n 1 70 • 0 I a11 ,1\1?7 , O 1 11 
7 ,1\413 ,11255 ,011u ,Ollil ,111,n ,000j 
1 ,O 39 ,0211 .017l ,0130 • tit n2 ,I\0h 
7 ,OH , I) 1 71 ,1'1150 • II l n I .noo7 ,OOt'b 
7 .020 ,0210 ,0100 .01103 • (IQOt ,(10@5 
7 ,on ,Oc?U ,01110 ,0003 ,1\001 ,oon 
7 ,020 ,ozta ,0100 .0003 ,0001 ,0085 
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HGR F'OLL0wED 8V MSA Atol~AY ( F'fl:T) AT HT lMI:.• l" 

" 50800 t; 08000 5 08(100 i;oqooc, 11. ootln e 01000 ;,.2000 e>ol000 
5 5ob00 So600U 5obOC'l0 5obOno t;o1111no SobOOO '!1061100 

XR VALUkS(lO~Tec,) ANt" YR VALlltS ( J1'1Nh1) AT •IAPT I ME• u 
6 •oOlll •.oc?2l • 0n1•t •o O 17c-,, •• 0111 •oOlbl 
6 •0036 •otlZl5 •oOl57 •oO 11-, •001c5 • 0 (I 1116 
6 •0032 •00201 •,0150 •o0lb2 •otllll2 •o01c?1 
6 •o0l9 •on1e• •oOl'-5 •oOl:\11 • o /\ 1211 •00121 
6 •,025 • o tl l "7 •001,z •oOllO •00115 .•• noq7 
6 •o0?.l •00181 •0012• •oCIOqq •oC'llOi? •oCllOS 
6 •o0ll •oOl8l •00126 •0004'4' • o l'I 1 tic? •00105 
6 •o0Zl •on1a.s •on1?0 •oovoq •ofttC'IZ •,0105 
7 001141 oCl215 ,n1e.5 , 01 "" oOt?a ,010& 
7 ,oao ,0214 ,0111.: ,Ol'-2 , 11 t l 7 ,OlOl ., ,OlC> ,()207 , ,, 1 ao ,OU6 , o l 111 ,01;~!) 
.1 ,012 oOlql o O l "" ,0117 ,111 no ,no«'s ., ,029 ,0152 • 0 l Cl 7 .ooqq 01\(IOJ .• 1)0'71 
7 0025 ,014'6 ,0110 .oo•q .no~• ,Oi>82 ., ,ozs ,Olqtl ,(1120 ,OOA9 ,no•• • •1 01'2 
7 ,<125 ,Olqt> .012t1 • n,}A'9 ,no•e .011~, 

HGA F'OLL0"'£0 BY MBq ARRAY (1111 F'£FT) AT Hll"'t• 15 
4 llolOO "· 301')0 o,1ono 11,t;ono 11.1ono a,qooo 5,lllOO 5,tOOO 
s 5,200 s.2eno 5,20110 5 .2,100 ,.2C1no is.,oou s.2000 

XR VALU~S(tOIIITec,) u,c, VM VAl,.ltfS (lONTa1) AT '4APTI 114£8 15 
6 -.0110 •,nZll •• 01011 •o01A5 .,n1°1 -,01•1 
6 •oOlo •,Olflll •• n11.s •o0lb8. .,n11e •• 016q 
6 • ,'O' l •,nc?ll •• 0110 .,01•2 .,nlbO •,Olltl 
6 ••tllO -.nz,,1 •• 0111 •o01t;2 •• np11 •• 01110 
6 •,ozq •• (11 t,j -.0110 •,nl~8 •ol'I 1 ll -.o 111 
6 •o0.?5 •onZ18 •• o 111'!1 •• n1.1s .,n, 1 o •• n1oz 
6 ••025 • 011218 •,01Cl5 •o/1115 •• n11q •oO I le? 
6 •,015 •,nlt8 •• n111s • • C'I I l 5 •011110 •o010c? ., o(Hl9 ,0lllb ,Olqll ,(llf.11 , 11 I bC! o O 1 II 1 ., ,OCIII ,tl}OCI .0179 .n1is1 ,0111e ,0127 ., ,0110 .nzu .0180 ,nte,9 •" l ~o ,Olll ., ,037 ,nc?lCI .011q ,n1u1 ,111n ,0110 ., ,015 , II l 87 ,0182 .012a , i' I 1 q .0114'5 ., ,012 ,0.?50 .n1ss ,0115 , 11 1 t 1 .ooi-o ., ,012 ,nzso ,01t;S ,0115 , ti 1 I I ,nu!lf> ., ,OU ,Oi50 ,0155 ,0115 • n 1 11 .;ioec, 
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HGR FOLI.OwfO tlV M!fR ANRAV (lN Ffi:T) H ,Hp•t,a lo 
" 11.1:tno 11.t-OOO 11eoono "• 7CIIIO u • 0 01111 s.nooo 5.tilOO 5e1001l 
5 5•100 i;.,ooo c;.1000 5.10110 C. • I O /\ 0 '5el001) 5.tuOO 

XH '"'" '(i,t 'iALIIES ( tO"h'7) AT le. • ••01.7 -.015• ••'ll"q •• nu,~ ••''17a -.01eo 
b ••O?o •.Oc!nl .,111]8 •,01c;o ··"'c;,, •,(llbu 
b •,02'5 ••(I l 1!11 •, n 1110 ••Ol'in ·•"1'" ••(I l 2S 
b ••02l ••Cl 1 o 1 • • 01 C.j •• 0110 •, 111 'II .,011s 
b ••021 •,n1so .,01112 •,1)1110 .,11111 •,Ol2S 
b •,Otq • 0 11\ 55 •,01'52 •• 0100 .,n1tc •,l)Oqq 
b •o/11 q •,1'1155 -.o,,z • • (110(1 •,11'1 /I •.ooqq 
b •o0lq -.01c;s .,one •,01110 .,0110 •• nooCJ 
1 ,oc;1 ,nzq3 .t12117 ,0l~O , 11 2'\0 ,0100 
1 t 0'511 .(lj78 .nzJo ,ozn , 111 o,a • i) \ CII) 
7 • 0'5 I ,nHI .02110 .ozn , II I fl J .oiaq 
1 ,0 1J5 , nzqo • nza'., ,nlno ,l'llflO ,Ollo 
1 •0"0 .0211 ,llU1 .nu,, ,llt'iS t 111 IICJ 
1 ,038 ,ozoe , 0211 , 01 "' ,011.10 ,n110 
1 ,038 ,11208 ,0?11 ,OIU8 ,n1uo ,0110 
1 ,OJ8 .n21t8 ,11211 ,Ollie .01uo ,0110 

HGR FOLl.n .. u1 av HEIR AWRAV (lN FEFT) AT 17 
II s.o1110 s,uooo '5,110(10 '5,ttOflO II• A (11\ 0 &,0000 0.11000 o,oono 
5 5,3(10 s,30no S,JOOO 5,Jono c;, '50110 5.JOOO 5,31)00 

XR Ar~I') YR VAi.LiES f Jr\NTaT) AT l7 
b ••015 •,ntJCJ .,0111q •• 1111s .,n1211 .,n1111 
b •,015 •,1112'5 •,(l(l~'l •,011 l .,n,,, •,Olll 
•• •,Oil •,11118 .,ooAY ••011 I ··"' "' •,0122 
b •,0111 •,n1t1 .,ntn8 •,01011 .,111n1 •,Ollqfl 
b ••Oll •,(10q1 .,01111 •,OOAt, •• 110011 •• ()i)Oj 
b •• 0 I j •.n101 -.ooq2 •,0011,, •• 110110 •,0085 
b •,Oil •• (I 1 (I j •• oool •,Ou•a •• ooAn -.008'., • •,013 •,n101 •,0.)0c? •,l)ilAt, •• l\nlli, .,oo•s 
1 ,011 ,t1Sl8 ,Oafll:t ,')37~ ,1131111 ,11cw3 
1 , 0011 ,1111011 , 1\2711 .Oc?flq , 112 • c; • Olfl l 
1 ,051' , 011 l 1 .02110 ,01.IIO • "1"11 ,02H 
7 ,o~s ,Olo2 • I) 3'" ,02&0 ,11u1 • (I 1110 
7 • 0110 ,0317 ,n;>03 ,(1213 ,11210 ,Olq<l 
1 ,01111 ,03lb ,02'il ,/\ti .J .010, .017':I 
1 , 01111 ,11311:t .02c;l • 1)21 3 •III o3 .0110, 
7 , 01111 ,0311:t ,0252 ,0213 .11103 ,0115 

191 



HGR FOLLll.,ED dY MS~ AlfRAY (lN F"EF1' AT ,..Tl "i:.• 18 
4 "•700 "· '0110 "• 7 O(IO "• 4'u no Ci• 1 01111 5.1.)0Q s.11000 s.uooo 
s s.ooo s.nooo s.00110 s.001111 lj • 111)(10 s.11vnu s.ov110 

XR \tALIJlS( tDIIITat,) ,~,[) YR VALllfS Cif'l~,ra,> 6T l'IAPTl11E• 18 
b .002 1.11000 • • OC,CI 7 -.oo,o • • 0(\21'1 • • CIOQO 
t, .001 •.nooo •. nci 1 l •eOC'.2 •• n11 Jci -.0037 
b o.ono • .11011 •• 11(128 • e l\l1 e41 •• n1111 •oil031 
b •• 0111 ••not" •• 0019 •• 00211 •• n,,,11 • • ll(,2fl 
b -.001 •.11u15 •• nci>.c? -.00;>3 •• no211 • • ~Oc?o 
b •• ooc? •.oott, •• 0020 •o0v21 •• no?b -.0025 
0 •• 0112 •.nvto ._.11020 •·0"21 •• II/lilt, •o0v2~ 
t, •• ooc? •.0010 •• 00211 •• 11021 •• 11021- -.ouzs 
7 • (1410 • 02Qq .11212 eOc?29 • 112il8 .11220 
7 .o"s .nnz .oz11 • Ill t I • I' 21 II .oc?Ot! 
7 ,ouo .OllO .0210 .ci103 .11102 .0115 
7 .018 .11208 • 112 I l .0103 .n11t, ,OlMi 
7 eOH • (1211 • 11211 o0lbl •III b(I .0111 
7 .011 .0220 .01ol .01uo •" I US ,Otto 
1 .0,1 , ri z 1q ,lll0l ,0lUf> ,111115 .11110 
1 ,OH ,Cl220 ,1110.s • 0 l "O • ri l "'!- ,Olld 

HGR F0LL0wEO '1y MijR ,1,uuv (l'J Ffl='Tl 'T ~TI '1fa 10 

" 1.200 3,i>Cl,00 3,2(1110 l,SL!'O ,.•nno II, 111)00 u.10110 a., oi,o 
5 "•"oo "· "0111) ll 1 1100V 41 • ll l10CI 11.uono II• 111)00 11,11voo 

XR VALIJE.S( Allil' YH VALl'f.!' ( ll'>••Ta7) &T ,.APTI"'~• 1' 
b ,Olb 1 01175 0 tl{l',O , OO'-n .rio,c. ,0025 
b 1 (I 1 II ,nuoo ,oouo ,ov,, 1 /1(1,:?A ,1)1.110 
t, .012 ,11012 , 00':-l" ,ooJo 0 11,lil,? ,01l\l 
b .011 ,11001 ,noa.S , O(l '5,1 • "01 7 , 1100 7 
b .(1{10 • (I Olld • 0(1 \~ .01nn , n (l 1 ;, ,nvo11 
t, ,00~ • 01)£1t, • llu le? ,OC.IS • "'n, 1 • Ill) (I 7 
b .oo~ 0 !11)11& • Cl(• '.'l eO<, IS • "O 1 1 • 011/17 
t, , 0 Cl ti .ooao .cio32 • (Ii) 1 c; • ,, r,' I .nu,,7 
7 ,OtJ7 • II JI'\ l • 11 1,.z • ('lc?•u .nz•e, • (llllft ., • Cl'SS .nu17 • (121-11 , (I c? t..t, ,n2111 • ilc?&tl ., .0~2 .n37t ,oz•o .ozq, • r,za• • nc?tJ8 
1 eO'i(l 0 (1li10 ,n1117 .112•1 • "l!J• ,Olll ., .ou7 .Olllb .0280 • l'lc?i'O .112>0 • 1lc?JU 
1 .0115 .OHO .030& ,11c?11 .0111 ,!lc?ll 
1 .ous .oHO ,0'.'(18 .0211 • n21 1 , il212 ., .0115 .oll9 e0l118 • Oi! 1 l , n111 • !Ii! l i 

192 



HG~ FOLLOwfO BY ,i.;,,y ( lN J'E[T) AT MT Jt<e,a l(I 

" 2.100 2.1000 1.1000 2eQ(lllO 1,,111111 3.aooo l.01100 leftOOO 
5 "· 0'10 11.0000 11.noo1> a,nvon 11,lll)H ",01i01i "•01100 

XA VALUE.S(tC~Tao) U,0 YR VAL.lllS (11\NT:1). AT MAPTl ME• 20 
f, ,018 .ooeo .0073 • Oi,1e, •no ,c; ,01)73 
f, eOtS • O l 1l eOOf>II ,nu1,1 • /1(,i.2 .0115Q 
f, t O \ II .noflZ • 0 0 t,C, ,ooc.s ,"11)'5U , /\ oc. l ,, .ou 0 no10 .no,.5 .00511 ,nf'.IU" ,oc,~ 
f, .o 11 .nobo ,110,1 ,ouaz • 11 0 'fl ,Ou21:1 
b .00«1 , II O bl .00119 ,0032 •"'lll t (11:,)II 

fl • 0/\Q ,OOf>Z ,ooaQ 10(;32 .no,\ .nul1t 
f, o0/\9 ,oooc? .11011Q ,tlOJ2 • "(I '3 .00\4' 
7 .o,o 1ntQl • n I 110 •,,I o13 , •l2 \ 1 ••'Zlb 
7 .o,s ,nzoo • 0 l f,,O • 0 l "'" , 112n J .oac? 
7 .on ,nz1s .Ot"S oOlb~ ,01~1 .,,zo; 
1 ,031 .nzto , 112/11 • 0' "' ,nt12 e01'5tl 
1 e0Z9 ,(ltes eOl"O .n1r,1 • I\ I"" ,n1a; 
1 .011 .nz,1.s • n111 .nt H , /\III 11 .ot':19 
1 ,on .oaoJ .C1111 .nno •III II It eOlti;Y 
1 ,nu ,naiu ,n111 ·"''" • /\ l lllt eOIS'i 

lolGA J'OLLO•FD RY M8A Ato!AAY <1~1 'EfT) if MTJHE• l1 
" 3,700 ),1000 1.10110 l•"O"II ,,Q(l/1(1 11,0000 11.1000 11,1000 
5 II t bll 0 0.0000 4,f>OIIO 11,b0(\0 Oof>tlllO "•b\)00 llob\100 

u VAL.UE.S(tONTao) A'-lf:I YH VA\.' 11::9 t l"'-h') &T >1APTll'IE• ll 
f, .c10 .no1a ,tlO#!l o/\015 .nn,11 ,OOfll 
f, , 0 \ l ,/\OCH ,oo&c? • o~,,.' • 110!>1 , ll\)71) 
f, ·" 1 c! .01112 • () 0 !,(l • /l(i!,J • II O Ci'5 .oosc 
ft • 0 \ 1 .0010 ,OOMI • Cll•b 1 11101111 • Ill' l 7 
f, • (I' 0 ,noSl .oos.s • ClOllJ • :lll]Q .01131 
f, ,(108 ,0001 ,ooo ,011,, .no35 , (1(110 
f, ,one ,OObl .00111 • 01137 .oo,c; ,11030 
6 ,ooe .0001 ,OOCll .01111 t II() \C. • 01)}1) 
7 ,02~ , ti l "~ ,111111 • Cl I flt • tit"" ,OlQS 
1 ,02f> .01Qo • n I'" • n l c;r, • nt ,,._ , n l "'c 
1 • Olfl ,Olbl ,01c;o ,Ol'.\A • n Ii;) ,n11,e 
1 .o,s , 111 ti 11 ,nu,o ,0101 •"l"O .o 1111 
7 ,oll ,01311 ,0138 ,nt?o ,1112~ ,Otto 
7 ,02l ,0107 ,l)tlb .0110 ,n,15 .01011 
1 ,OU .o l o7 .ouo .01 U t II 1 \ 5 101041 
1 ,oll ,!llft1 ,1)11.b • 0 l l II ,n,15 ,01011 
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HGA l='OLLOwF.0 8V Hl:1A A~AAV C 1., Ffl='T) AT MflM~· 22 
4 JoSt'IO 3.50110 3o50Cl0 J • 1ot10 3.qt'lt'l(I 1o1.nooo 11.11100 11.,000 
5 4041110 "· "000 "· 41000 11. 11uoo 11 011ont1 II• "1)00 11041000 

XA VALUES( tO"'TafJ) ,._,n YA VALl1£ S (J/\1\'Tc 7) AT "'APTIME• 22 ., .nu .11oe,o • nnc;cs .n uo 5 • ll(lt-, 7 .01111 ., oull .non .no5o ollOt-1 • nn,c;II o 111/0l 
6 • 0 I 0 00067 00060 • l'I o c. l • (I (IC." .nuc;t; ., .010 .noes ollOfJq .001-0 0no111 .Ou3o 
6 .008 .11011q .no1111 • Ollao 0no,o .oou 
6 oOll7 .noc;11 .00110 ol'IIIJII .no37 .l)c,3q 
6 .on1 .nose .00110 • 00 ]II .1111,1 0 1) l) :JQ 
6 .001 .no5o oOOIII) .00111 0n(l,1 .ouJQ 
1 .021 • 011111 oOll\S • 0 I 1 8 .ntJl .01110 
1 oOlO • 01112 • 011'16 •:, 11 q .n110 •,,I ]II 
7 • 0 t q 0n1J2 .0120 001nq .n,n .0110 
7 .o,q .111:u .01117 .0115 • n l t l oOll~q 
7 .018 .n110 .0110 .otno • n 1 n 1 .ouqo 
1 oOlb 0t1 I Jo • t'l l !IO .nooo • 111 n 1 ·" 11" 7 • 01 e, • 0 l Je, • 01 II 0 .00011 .n1n1 • n 1 I II 
7 oOlfJ • n l ]b .01no .00011 • n l t'I 1 • n 1111 

HGA FOLLO"'ED (;V H8R AlolAAV ( p1 Ff,T) AT ,iT l''f.• 23 

" lo,?l)n 1..2000 2.20110 2.aono 1.-.nno 2o 11 001l 2.ouoo 2.0000 
5 3051)0 J.c;ooo 3 .S,)t'IO 3 .50'10 1.c.onn 305000 1.suoo 

. 0 VALUlS(TO"lht,) U,I' YA V4Ll'E' C I"'-•T:17) AT "'APTJA4E• 2J ., .onq .no,11 .00110 o/lO'i2 • noc.s .ooc;i, ., • 0!16 .oos2 .no11;, .0011q 01101111 • 1'10117 
6 .on7 .no11Y .nnc.o • l)l•II 3 0 II n't 7 .111151 
6 0007 • !10117 .ooc;" .ouac; • nn 1141 .11033 
6 .ooe .no3s .on]Q .O•HJ • no J«i .tioJq 
6 .ooe, 0001141 4'0032 .0012 .no11 .0029 ., oOOfJ 0 (101111 .no.\2 .l)OJ,? .no11 .oozq 
6 .oni, • 0011 .. .0012 .11011. • l'IO' t .oozr., 
7 oOIJ • no"'J 0 1101l • 00 • I .1'1(10? • n 1 CIS 
1 o0ll • ooi, 1 .no11 ot'lu"l • IIOAJ • 001'11 
7 • 0 1 1 .no~z .ooqo • 0(11(1 • no•a • ,,oqs 
7 .on • 1101111 .111ns • 0,J115 0nn•., oOilOd 
7 .011 .oo-,o .001«1 • 00"'" .nCl77 oCICi@b 
1 .011 .ooe., oOOfJd 00068 .no-.q • 0 i) .,q 
7 .011 .no"e • 0 0 f,11 ot'Oe& .ooe,o 00069 
7 .011 .008«1 o00ft6 oOOt,8 00(1fJO .001,q 
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,.«;P FOt.1.0wfO 6\' loot\~ 41fQ"• C •'' FE,FTl •T MT l"'t• c? .. 
II 1.1no I .30oc, t.\,,no I • '.:iv r., 1.Tono 1.qono c?.lllOO 2.1000 
'5 1.sno l 0 '51l00 1.soou 1.s,,o,, 3 • CjOl'fO 3.sooo ].51101) 

XH VAI.UfS (IOqao) '"'" Ytol \ll1,. 1lFS CI l"•.T:1) 4T .. ,PTJME• c?II 
0 .ooo • 110 \0 ,non .ooun 1 (,(HIU 0 ,H,uq 
0 .ono 0 (11)]11 .noH ,OOH • on "i! .ou,o 
0 • 00'.:I .0031 .noH ollv!c? ,n4),o ,no110 
b .oo5 .oo .u .0011, oCIOln , 11,13w .,,03c1 
0 .0041 .noc?o ,!I03il ollv/q .nCIH ,r.,n1:1 
0 ,on" ,ooH , oo:»ii , 0(0 ?11 • '\(I~ 7 ,nuc?7 
b ,0041 .noH .00111 oOu?Ci , no:»1 • 1) 027 
b .0(111 ,noH ,002" .nu2u .n(l?7 ,oun 
1 0 (1n8 ,00410 .oo"o • OO"i l , n (I ft I ,Ou70 
1 ,008 ,(10410 .no417 ,00541 • n()t-2 .ou1c? 
1 ,(107 .oor;s ,0(l"i5 o1hlllll .nci:.,; 1 (l,lb~ 

1 .001 ,n0418 ,or,1l , o,:,uq .noc.o o01l05 
1 ,O(lb .00112 0 n(l41'i .nor;c , noc; 7 • nvo5 
1 .ooo .oo"i1 ,ooul .ooui .nos, ,(1\151 
1 .ooo .no•H ,nOClj , i)Oll J , n n c; t .(lu51 
1 ,000 .no'ST .Oo41l • 00(1 J .nr1St .oos1 

T"'E F01.LOi.1tNG At-IF' SUAliRIO CMANNfL n,,,. l '141.UE.S I._ FHT 

I(. I tCl;a Jcr.: I I,.Cx••2Bn llC"• •c?I) 1 .. 1.va 0 IZCu 0 IFc• IS 
l(c 1. JCG: JCG: ? t .. cu-2s,o 17Cva •lO 1..-cvc I) IZCu I) IFca I '5 
I(. l tCl;c ':I JCr.: l i..cu 18&0 IlCXc •21 1 ... cva c?801) IZCu •ZI lfra 15 
I(: II tCG: 1 Jcr.c l 1 .. rxa 0 IZCh 0 1 ~cu 0 rzeva I) JFra I':, 
t<a r; ICGa 1 " 1 .. cxa 2!1tO IZC•• •21 1:.,/CY• 1001\ tzrva zo Ifr• tr; 
Ka ,, b JC Ge II I .,(J1a n 0 1 .. cu 0 rzcva 4) I~r• ts 
Ka 1 tcr.. 0 JCGa c; 1 .. cu t n"lo 17.Clla lo 1.-cva (I IZCu n IS 
Kc " IC Ga ,, JCG: It ti.cu qno IZCXa lb lwCYa ]00 Izcu t2 He• 20 
Ka q TC Ge b JCG: 1 I .. , xa -qno I7Clfs •21 l"'C. Ya •]U(l IZCU •15 1 F C• ilO 
Kc I (I ICC.a 1 JCr.s 1 1 .. rxa 0 11rxa 0 1 .. ,., • • qoo TZC'va •Zo IPra 2(l 
K: t I lCGa A JCG: 1 Jr ()IS 0 J7CX: 0 i •·C ye .oun tzrv: .z., tr, re ilO 
Kc ,, lCGa 8 JCGa A J.,C),a .qn11 l7C w: •c?1t 1 .. cva n l lC'v: (\ IFc• l(l 
Ka 13 ICG: ,,cr.c A l,C>.: (I l7Ch 0 1.-cvc .0110 I lCva •2tt 1 r- r: ?O 
K: 1" lCGa q J,G: 0 hC.1: .qno tzcwc •20 1~,,.,. n lZCvs (I IFr,: 20 
l(a I c; Jcc;a 0 JCr.c 1n 1 .. cxa onn l7C1Ca •Zo lHCYa n lZC'v: n JFcs ,o 
Ka le JCGa 0 Jcr.c 11 I .. ex• uno IlClla •li 1 .. cv. i,1,)(1 • JC r.• ?.S 
1(9 17 tcr.. 8 JCr.a t I y .. c•• n new. v 41110 IZCva •]':, JFra ?.5 
t<a t" ICGa 1 ,ICG• 1 I 1 •C>-• 0 11.ClCa ii lwCYa · ,, tzcu n J F ('• ,5 
Ka IQ IC r.a 1 .JC r.c t? l,.Cll• •11(1() IZCta •15 l••CY• .uoo tzr.vc •35 11-e= l5 
Ka lO lCGa ,., J<.:r.• 12 1 .. c•• ('I tlCh 0 l ;•CY• 3,n llr.va .. J JF ,:a 2':, 
Ka ?1 lCG• 5 Jcr.= I ii I ,-c 11• n 11c·c: 0 lwCY• 0 IZC' u (I lt'r• 2', 
Ka n lCGa ii; .,c r.: t 3 1~cxa JliO llCV: !13 l•CYa (\ tzrva n l~r• ,., 
t<c n lCGa 5 JCt;: Iii ht•• ]t; (I 11c-.. •Ill h,CY• '\'.:10 lZCva ... , ,Fra ,~ 
K9 ?Q lCGa (I ,l(;<,a I" 1••,Cllll (, l7Cll: 0 li,.(ya (I rzry: ., :~r• ?S 
Ka 2'5 tcr.. II JCr.c I r; 1 .. rx• Jno 17r"• •ZS 1 .. n IZCva !\ Pre ,s 
Ka 21t ICG• '5 J(;r,: 1~ z .. caa n llCVa 0 1 .. cya (11,1) IZC'va •1.tO IFr= 2'.:I 
l(c i!1 Jc,;. 5 Jtr.s to I ,.r ,a •lln(I IZCW• •110 l""LY• •1100 tzrva •3" JFra 25 
l(c Z" lCG: II JCG: I ft t ... c •= n lZC'ts 0 1 .. cva " J lC' Ye 0 zr- r• 1s 
l(a 20 ICC.a II JCGa t7 I .. c Ail 11no uc-.. •30 1 .. cya 150 rzcu •lO tr-r• 2', 
Kc jl\ TCG: 5 JCr.c I 1 1 .. ,,.. t' !Uxa 0 l•CY• \\)II lZC'va •3" Hr: , .. 
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l(c 31 ICG: 5 JCGc 1i- 1 .. c.u ill)O I1Clt: •lU l'"CY• 3110 IZC'Y• •jl) IFC• ?5 
l(c 3) ICG: (I JCGc 11' It0CU ll IZCX: 0 1 .. cva 0 IZCYc (.\ Hr• 25 
Ka H lCGc (I JCG: 14 JLO()(: 300 llCXc •30 0 IZCv: (I IFC• 25 
Ka J(I tCGa J JCG• 17.J ... c.u 0 JZC'O 0 z.,cya n IZC:Y• 0 IFC• lS 
Ka 35 3 JCG: t8 I .,CAC 1~0 IlCYa •lv 1 .. cva 1 ll n Izcva •20 Ifc• 25 
Ka lb ICGc 2 JCGc 1~ 1 .. cxa (I I1CX: 0 Ii.CY• I llO IZC'va •ZO tFca '.S 
Kc l1 JCGa I 0 JC Ge In r .. cx• (I 17Ch 0 J:.:C'fc '.llO IZCY• •12 l"'C• 2'5 
Kc 1• IC..Gc 11 JC Ga tn I"'Cll• (I IZCllc 0 h,CY• '.00 IZCY• •12 Ifrc lS 
Ka 3q IC Ga 12 JCr.c l !I J,.Cll• 0 I7Cllc 0 !:.CY• 20(.\ IZC:va •12 tFr• 25 
Ka (I() ICGa lZ JCGc 11 z.,CJt• z110 l zcv. •21 l~:CY: zuo IZCva •ZO IF r.• 25 
l(c 41 IC Ge 13 JC:Ga 11 J .. c ... I) I ZC re 0 1 .. 200 IZCY• •21 tFr.a 2S 
l(a U? tCGc l" JCr.c 1 I 0 IlCllc 0 hCYc 2011 JzCyc •Z1 IfC• lS 
Kc ii l ICGc l" JCGa 12 zno IlClC• •27 -zoo •21 IF ca ZS 
l(c "" IC Ge 1l JCr.c tl r .. cu 0 17CXa 0 lwCYc n IZCY• 0 IFca lS 
Ka us TCG• 13 JCG• 1 l ti.cu zoo IlCh 27 lWCY• 0 IZCYit 0 Ifca 25 
Ka ii_, ICGa l" JCGc 1J 1 .. cu 0 l1CU 0 l,.CYa zoo 21 IF r.c 25 
kc 01 ICG: l" JCGc l" 1 .. cxc sno JZC'C: •20 1 .. 0 Izcvc 0 IFcc '.5 
l(c u• tCGc 15 JCGc Iii r .. cxc n J7C'(c 0 .l"'CYc 3Sn IZCvc •20 IFC• ZS 
Kc ilQ TCG: 1 '5 JCr.: 1s 1 .. cu ]';() rzcva •2'3 1 .. c ... c 200 rzcva •ZO IFC'• ZS 
l(c c;11 ICGs l ii .JCG• 1 c; r ... cu (I rzcu I) 1~cvc 0 TZCya 0 IFca 25 
IC: SI ICGc l" JCG: u t .. cxc 2110 llCU •Ztl Jo.CY• 0 lZCY• o .JFc• 25 
Kc 5? IC Ge 1 ii JCr.: tT I•Cxa zoo IlCU •15 1-.CYa () lZCva 0 !Fr.a 25. 
I(: 51 ICG: l ii JC Ga 111 t,.rx• 100 •10 1 ... cva 0 tzcva o IFcc 25 
Kc 5g rcr.: Iii JCr.c 14 J,o()(C l "O 17CYa •10 llliCY• n IZCvc 0 tFcc 25 
IC: 5'5 rcr.: 11 JCr.a 1l 1 .. cxc 0 IZCXc 0 1-,cva 0 IZCY• (I IFcc 4 
Kc Sb lCGc 11 JCGa li' bCu zoo rzcxc •20 zoo IZCvc •ZO q 
Ka 51 tcG: 10 Jcr.= 1? J,.cx= 0 11.C•• 0 lWCY• 0 tzrva 0 lfr• q 
Ka s~ !CG: 10 JCG: H J . .i:n 2110 TZCra •20 1 .. !VO IzCyc •ZO q 
Kc SQ ICGc q JCG: 13 J,.cxa (I JZCU 0 lto1CYc (I IzCyc 0 IFca q 
Ka &0 I er.a q JCG: Iii I ,-C11• 100 lZCXa •20 l"'CYa 0 tzcya 0 tFca q 
Ka bl IClia 15 JC:r.a l 1 t .. r.xa 0 J7CXa 0 , .. cva 3V0 rzcn •12 IFCc q 

Ka bl !CGc lb JCGa l 1 l•Caa 0 r,c u 0 lwCYa JOO rzcva •lZ IFca q 
Kc e,] .tcr.c t1 JCGc 11 I..,Cx• 0 I7Clta 0 h,CYa •'\UO Izcva •ll ?Fr.a q 
I<: b U tCGa 18 JCt;a I 1 1 .. cu 0 t7CU I) h1CYa •300 rzcn •12 1,-;r.a q 
Ka bS tCGa lq JCGa I t r ... cxa l'!O IZC'(c •le? •300 rzr.vc •12 IFc• q 
l(a bf> lCGc lq JCr.s 10 tLOCA• 0 IZCXa 0 11o1cva 0 IZCY• () IFrc q 
l<c e,1 ICG: zo Jcr.a l Cl 1 .. r.x: 0 IUXc 0 1 .. cva 3UO tzcvc •12 If-C'• q 
Kc b~ rcr.: Z1 JCfia 10 r .. c ... 0 l1C•lta 0 1 .. cva )UO rzcvc •12 tfr• 4 
Kc e,q IC Ga 21 JCfia 10 r..cn 0 rzcra 0 300 rzcvc •12 IFca q 
Ka 7'1 ICGa 23 JCt;c l f'I l,;Cu .11no rzcxa •"0 l,~CY• 300 Izcvc •12 IFca q 
K: 7t ICGo 22 Jcr.: I r..cu •EIOO IZCh •ll 1 ... cva () IzCya (\ JFta q 
Ka 12 JCGc 23 JCG: t hCxc 0 IZCYa 0 1 .. cya 1000 rzcu • I e, IFca IS 
Ka n tcr.: 2' 2 h,Cn 1noo llCYa •IO hCYa l ooo • l 'J IFC• I '5 
Ka 10 ICGa u JCr.a ;, 1 .. c.u 5110 Izc·u •ilO li.,Cvs 0 rzcva 0 1i:ra t '5 
Kc 75 ICGa lZ JCt;: J 1 .. c)la enn IZClla •32 IwCYa 0 rzcvo 0 He• IS 
Kc 76 ICGa 22 JC:t;: " 1 .. cxc 11\00 IlCYs •211 h•CYa 0 tzcyc 0 JF ra ts 
Ka 71. ICGa 22 ,IC Ii: r; I .. c.11• tono lZClCa •20 1 .. cva 0 IzCya 0 He• 5 
Ka 78 ICGc ZJ JCr.: '5 h,Cu 0 IlCYa 0 1 ... cva uoo IZCY• •"O Ifc: 5 
Kc 19 lCGa Zl JCGa b I•Cx• (II)() lZCxa ilO hCYc 0 IzCya 0 IFca '5 
l<a 80 IC Ii: Zl JCGa 1 hc,.a ill\O JZCXc 40 t .. cva 0 rzcva I\ IFca s 
l(c 81 IC Ga 2l JCG: fl 1 .. cxa 40(1 17CXa 110 lwC..Ya 0 Izcvc 0 IFca s 
l(a El). ICGa l3 JCfia 4 J .. cxc 4!!0 I ZC' Xa ilO 1 .. cva 0 lZCY• 0 IF(': s 
Ka 83 JC Ga zu ,JC Ga Q h,C•• 0 IZCXc 0 l•CY: l'\10 lZCva •2'5 lFCc 5 
l(a ~(I ICGa Zil JCr.a 10 t,.Cll• fllf'IO IlcY: •25 l wCYa 1000 tzcya •ZO IFC'• 5 
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ica es 24 11 lwCx• 81\0 IZCX• •25 hCY• 0 0 !Fr.a 5 
ICa 8• ICGa 24 JCGa u h,Cu 900 IZCits •20 1 .. 0 IZCY• 0 tFca 5 
Ka 87 IC Ga 24 JCGa tl lwCxa 1000 IZCva •25 1 .. cva 0 IZCva 0 Ifc• 5 
Ka 84 25 JCGa tl h,Cx• 0 IZClla 0 llliCYa 11!00 IZCva •25 IFc• s 
Ka at, 25 JCGa l Cl Cl I) (I IZCXa •CIO hCY• 0 0 5 
Ka 90 lCGa 2• JCGa lCI hCu (I. ncu 0 lwCva 800 tzcva •20 tFca 5 
Ka t l ICGa 21 l 4 1 .. 0 nexa 0 l111Cva 400 •20 · 5 
Ka 92 ICGa 27 JCGa 15 lwCxa 800 JlClla •20 1wcva 0 IZCva 0 JFca 5 
Ka 0 lCGa 28 15 bCxa 0 0 1wcva 1100 lZCva •20 lFca 5 
Ka 911 IC Ga 25 JCGa l I) bCxa 0 ncxa 0 lwCva JOO tzCva •U tFca • Ka 95 tcGa 2• JCG• 10 lwCXa Jno IZClla •U l"'CY• JOO lZCYa •12 !Fr• • Ka 9. 2f> JCGa • Jwcu 0 tzcxa 0 lWCY• 0 0 lFca • Ka 97 IC Ga 27 JCG• • Jno •U lWCY• ]00 tzcva •12 lFca • Ka 94 27 JCG• " 0 ucxa 0 0 IZCYa 0 !Fe• • K• 99 24 JC,;a 8 l,o1Cu I) UCX• 0 l•Cva JOO IZCva •U I Fe• • l(atoo ICG• l JtGa 4 n 0 l•tVa JI) I) IZCYa •u tFr• e 

ICGa 2 JCG• Cl 0 J7CU 0 1,r1cya ]00 lZCYa •12 JFca • Kat02 ltGa J JCG• 4 lwCxa 0 0 lWCYa 300 •tl IFca • ltGa l JCG• 11ocxa 1no lZClla u 0 IZCY• 0 Ifc• • Kato4 Cl JCG• t; 1wcxa 0 IZcxa 0 twcva ]00 •U lFc• • Katos lCGa 5 JC,;a 5 Jwcx• 0 ucxa 0 l•CY• JOO 12 IFca • Kato lCGa 5 JCG• • IwCxa ]110 UC•• •U lWCY• 0 0 lf'c• e 
lCGa 5 JCGa 1 I•CX• 0 Ile Ila 0 llllCY• 0 lZCva 0 JFca • Ka 108 5 JCG• 8 t1i1cxa CIOO IZClla l5 1wcva 400 15 lf'C• ' ItGa Cl " lwCxa 0 IZCX• 0 lwCva 0 lZCva 0 IFca • 4 JCG• • hCxa 200 IZClta •ll 200 ncva· •10 • Kalll lCGa l JCGa 9 hCxa 200 IZCO 10 1 .. cva 0 0 lf'ca 9 

KatU l 8 0 lZClCa 0 1wcva 200 lZCY• •10 lFca • Ka 113 IC Ga .2 JCG• 8 hCX• 0 IZCita 0 lwtva 200 lZCva •10 IFca • Kat 14 l JCGa 8 h,Cxa 0 IZCX• 0 1wcva 200 lZCva •10 If'ca • Kat 15 lCGa l 1n IwCxa 2110 IZClla •10 200. IZCva •10 JFca • Kalt• ICGa 2 JCGa 10 bCxa 0 0 hCYa o lZCva 0 ll'c• • Kalt? ICGa 2 l l hCxa 2no nr.u •8 o 0 IFca • ICa t t I' ICGa 2 JCGa u 1 .. cxa 2(10 tzcxa •8 hCYa 0 lZCYa 0 lFca • Katt 9 lCGa • JCGa 8 htxa •4ft0 lZCXa •20 hCYa 0 lZCva 0 lFca • Ka 121) lCGa 1 JCGa 8 1-Cxa 0 l?CXa 0 hCva 200 lZCya •20 IFca • 1Cal2l ICGa 1 JCG• 5 lWCU 3000 ncxa •U lWCYa o ncva 0 lFca • 
HYOAOG~APH GJG[ ~OCJTlONS 

GAGE- t 8L0CK Ht 1a 8 Ja l 
GJGE 2 CHJNNEL .. , Ka 11 
GAGE l BLOCK Ht I• lt J• to 
GAGE Cl ClolAIOIEL He l(a 25 
GJG£ 5 Ct4ANNfL "• Ka 4. 
GAG!: • CHANNEL Ht t<a 72 
GAGE 1 Ct4ilNNf.L Ht Ka too 
GAGE 8 CHANNf.L Ht Ka l 
GAGE • CHA~N[L Ht Ka ., 

KEY FLOw LOCATtONI 
CHANNt.L BLOCKS l 7t 
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APPENDIX E 

LISTING OF KEY ARRAYS AND CHANNEL AND BARRIER PLOT 
FOR SABINE-CALCASIEU REGION 
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t KC••tU ' llCII• ' ·• ' ' 0 Kith 0 
2 t J 17 lCG• • JCG• 2 0 0 0 
J z • 11Ct1• 211 • J 11,. .. ,. II 0 0 • 11cx•1H IICV•IZ• KC••• '5 J 2T lCG• 1 JCG• s 0 0 0 !, 11Ca• • • 11c•••,,. 11C8• J1 1 II II 0 Kial• 0 • 1 5 0 • JCG• II IIENt• 0 0 0 
1 • tOS KC•P• 8 otC•P•Ut 11CI• OJ • s 0 0 0 Ke • KC .. 1 • IICt1• 11!1 lCli• • II (I 0 0 

K• • Kh• • 11CxP•tt• to icCS• 51 • 1 II 0 i<Al• 0 
to KCU 9 till It KCII• n lCG• 1 Jt.G• 1 II 0 0 
It ,c.,. 10 U 51 8 ' n 0 ... ,. 0 Ka tz If I J 11Ct1• ., lCfi• 8 • llf"t• II Kf"Z• 0 11111• 0 
IJ KCx•11e tz KC••• U u 9 I 0 otf"2• 0 0 
h tl 15 •c•P•Ue ,, lCG• 9 9 (I 0 KIil• 0 

11• ts 11 lll 11 1J • to 0 0 0 ,. IS 11 KCII• 0 • JCG• tt 0 0 0 
t7 ictx•sz• r.CYa 18 11cx11a ua I• 0 8 tt 0 0 0 Ka 18 t• ICCYPa IT 11C11• 0 lCG• 1 JCG• tt o<E••t. 0 0 . 0 ,. 11Cxa 18 20 •• 1 u IIEr.1• 0 •E"'l• 0 0 
zo iccx•111 lt KCXP• tl8 19 u JCG• • JCG• u 0 0 11111• 0 
ll KCX•tl8 KCXPa '1 IIC""• 10 1CCll• 0 5 u (I 0 0 

Ka ll ll l) •• lCG• 5 JCG• u 0 0 0 
1J 12 ICCYa 14 z, 11Ct1a ,. 5 I 11 11E"'t• 0 "E"l• 0 0 
la KCYatl8 ls ICCYlla 2) 0 lCG• • ta ll[NI& 0 0 KIIJa 0 

11• H KCX• 111 ICCYatlll" 28 11cv11a 111 KCo• 0 • IS 0. 0 0 
h U KCYa 15 ICCXP• z1 "C•?•U8 t<C8• 0 5 ts 8 •E"'2• 0 0 
21 1<Caa lo ?II .so 11Ct1a •o 5 .. o 0 0 

Ke " IICX• ZS l• ICCYPa >.7 kCII• 0 • JCGa .. 0 •ENZ• 8 0 
29 ?IJ IICYa ]II l2 JO KCft• ., lCGa II 17 Kbl• 0 0 0 

Ka JO 11 z• 31 0 lCG• 5 JCG• " klNt• 0 0 0 
11 10 li! 11C8• 0 s II 11E"'t• 8 l(f:1112• 0 KAl• 0 
Ji! ICCX• ?9 15 J1 11 0 lCG• • 18 0 0 11111• 0 
]J ICCl• Ji! KCB• 0 •• t9 KENt• 1 0 2 

K• Ja KC••li!8 11cx11a .s~ 29 0 lCG• J JCG• 17 0 1([1111• 6 0 
JS kCU 14 )o •CYP• )i! KC6• 0 J 18 0 0 0 -· J11 KCX•t28 ]~ KC8• 0 lCG• •2 JCG• ti ,. 0 0 
J1 I!, ]8 0 to to· Khl• 0 ICE.,l• 0 0 

Ke le 11ca•12a 11 SS 19 ICC&• 0 lCCi• " JCG• 10 0 0 0 
J9 kCX•tl8 Jct 110 0 12 10 0 0 0 
•o 19 SS Ill llCII• 0 JCG• tz JCG• lt 0 0 0 

K• II t kCX•lll 110 114 Iii) 0 l3 tl 0 0 1(111• 0 
Ka 112 Ill al o1 0 lCG• h It 0 0 0 
Ka II] Iii! 114 116 11C6• 85 "' JCGa U 0 0 0 

1111 at II~ Ill KCIJ• 0 ICG• IJ 12 . 0 ll[Nl• 0 0 
45 KCU 114 kCTati!A 011 KClta 87 IJ JCG• 13 .ft 0 0 

Ka •• IICU al OS 117 ea lCG• h tJ ti 0 0 ., 11• SO KCYP• ae 0 Ill ta KEN!• ti IIE"'i!• 0 0 
K• ae KCY• OT KCXP• 11• KC&• 0 lCGa 15 JCG• la "ENt• 0 •E"'i!• 0 0 

89 11cx• 118 KCY• SO 0 lS 15 0 0 0 
K• so KCx• 117 'SI •t•P• 119 0 "' JCG• t5 0 0 0 

St 50 Si! 0 Ill JClia Ill 0 0 0 
52 11cx• ~1 Sl 0 h JCG• 17 0 0 0 

Ka SJ Sc! Sa 0 Ill ltl 0 1CEN2• 0 0 
So SJ 0 JCG• " 1 0 J 
55 111 IICXP& 511 110 KC 0 11 It ICENta 0 0 0 
S• S'S '§7 IICVP•l18 0 lCG• 11 JCG• ll KE"4t 0 0 0 

K• ST 51'1 541 0 to ti! Kht• 0 0, 0 
SI 57 KCY• 59 0 to JCG• tJ 0 l([t.fi!• 0 0 
59 KCY•l28 •ti ~A 0 9 JCGa IJ 'KENt• 0 0 0 
00 11cx• S9 ICCY•t28 KCII• 0 lCG• •9 JCG• to KENt • 1 0 0 
ot KCYa Iii! Ill KC8• 18 lCGa 15 tl ICENt• II 0 0 

Ke •Z "r••P!II Ill oJ ·19 lCG• t11 JCG• lt 0 1CE"'2• 0 0 
u 1<Cx•1?.I oz 11c••• 1111 1(~11• 10 lCGa t7 tt 0 0 tc•J• 0 
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1111 U flt; u lCG~ 18 11 "-E'"t• 0 0 1\111• 0 
Ka 11s 1111 1111 KCXPa till Ill t9 11 fl •E-11• 0 0 

h 1>'1 117 KCoa 0 19 10 0 ·~"'2• 0 0 u 1111 KCVPs fl'II 711 20 10 KE,.t• 0 1(["'2• 0 0 u KCU128 117 KCXP•llll ... i<CII• TS lCG• 21 JCG• 10 0 ICF."'2• (I 0 •• .. o<Cxa12& 1>8 •CvPa 10 i<Ct:!• h lClo• u 10 0 1Cf>l2• 0 0 
70 112 &O KCXPtll8 •11 77 lCG• 2J 10 0 0 ""l• 0 
71 KCX•li'II i<CXl>s 741 72 II JCGa l "E'"t• I 0 0 
Tl "cxa,,11 71 "C•"• 7l 1<C8• lCG• ZJ Jt"G• l II 0 0 
7J Tl 711 0 lCG• U 2 ... t,.,. II l([t<2• 0 0 
741 KCU 7l KCUl28 KCXP• 7,; 7J KCII• zs 22 2 "E"t• 0 IC[t<Z• 0 0 
TS ocCx• 711 KCXPs 71, 3J 22 J 0 KENZ• 0 0 
h TS 77 IIC8• lei lCG• 22 JCG• II KE"t• 0 0 0 
17 KCX• 71> 78 11Cda 0 22 s II 0 0 
78 77 70 0 U JCG• ,; KE'"t• 0 0 0 
70 78 -.cxoa e111 "' lCG• 23 • 0 0 0 
80 "ex• 10 ltCaPa 111 11C11• ,;7 U JCG• 7 i<E,.1• 0 0 0 
111 l(Cx• 1111 KC1Pa d;, ICCVP&l211 "8 lCG• U 9 0 0 0 
tll •ex• 111 KCaPa 71l Ill 1l lCG• U JCG• • KE"'t• Cl ICf"l• 0 0 
9J i<Cx•t?.8 112 Ila 0 lCG• za • KE,.t• II 0 0 
811 11J 70 8'1 041 0 lCG• Zi, JCG• 10 ti 0 0 
85 .. c •• 811 KCY•t28 1111 0 ill 11 II 0 ICllla 0 
8t, KCX• IIS 117 IIC8• 0 211 u 0 ICf"'i!• 0 KIil• 0 
117 II• 118 0 lCG• 211 13 II ICEt<Z• 0 0 
88 KCX•t28 87 KCaPs 80 I) lCG• Zs 13 KE"'t• 0 0 0 
H 11Cx• 1111 1211 00 0 lCG• zs· 111 (I 0 0 

Ka •o 11cx•11e 110 01 0 ICG• Z. JCG• 111 l(E,.t• (I 0 0 
•1 11Cx•1ze1 00 92 0 27 111 0 0 0 

!Ca .Ol Ol KCY•tl8 l(C xP• Ii!& OJ 0 27 JCG• IS 0 0 0 
OJ l(C .. t28 Oj! KCXP• 1211 0 1CG••28 15 1([1111• 8 0 1 

K• 041 KCx•tl8 l<CY• 811 KCXPa 128 OS 0 lCG• Zs 10 K!Hte 0 O 0 
OS KCXS 41> 911 0 lCG• Z. to l(f"t• 0 0 0 

Ka •• 11cx•1za l(CUtl8 9t; 47 0 lCG• 211 • (I KEt<2• O KIIJa 0 
•1 KCX• 08 01, KCXP• llfl 11C8• 0 lCGs 27 ' Kht• 0 K[t<l• 0 0 
08 KCx•tU 97 •cvP• oo 0 ICG• 27 8 0 0 0 
00 08 KCxPattfl 11Clle 0 l'tG••28 8 " 0 0 

l 00 KCll•t28 KCY•lZS KCII• 311 lCG• •l 11 "E'-1 • II O 0 
KCx• t Z8 JS lCG• 2 a KE"'t a 0 Kf'-2• 0 0 

l 02 KCXSIZ8 KCX 11 •10) KC&• h lCG• J II IIENte 0 ICfNl• 0 0 
KCx•tlll KCXP• 1211 IICVPatlla 39 lCG• J 5 0 1Cf"2• 0 0 
I\CX•tZll 110 lCG• II s II IC[NZ• 0 0 
KCJC•IZ8 KCYatOII ICC¥Pa 7 Ill lCG• s s 11ENt• 0 0 ""l• 0 

KCY•tl8 KCXP•l07 8 1141 lCG• s JCG• • II 0 0 • l(C8• 52 lCG• 5 JCG• 7 II KENZ• 0 0 
KCX•t07 kCltPall!I K('VPCllO s• lCG• s JCGc 8 0 0 0 
l(CX•tl& KCYctlZ ICCXP•t 111 SIi lCG• II 8 ti O 0 

00 lll 1211 0 lCG• II 9 ti Kf'IZc (I 0 
K•tll KCX•t 11! KCY•t28 I\CXP•t I 'I KCYPSt!tl 0 lCG• J JCG• • KEt<1• 0 ICENZ• 0 0 

12 KC1.i>c111 0 1CG• J 8 KE"1• 0 "E"'i.'• ·O 0 
13 11cx•1i'8 "CXP•lltl l<C!!• 0 2 JCG• 8 0 l(f"i• 0 KAI• 0 

Kc l Ill KCX•t?8 l\t'Y•tl& 11C11Pstl8 ICCVPc1'3 0 lCG• •l 8 KE"-t• II 0 0 
KCX•ttl KCYcllll KCX 11•1lll occvP•t.!11 KC 0 J JCG• 10 0 0 0 

Kath kCt•tZ8 KCY•t28 l(CVPattS 0 lCG• 2 lO "E'"t • II KE"Z• 0 0 
KCX•ttl> KCXP&tl~ 0 lCG• l ll KENta 0 KE"Z• 0 0 
KCx•tt7 KCYslZB ~CXP•l211 KCIIS 0 lCG• •2 12 7 WENZ• 0 0 

10 KCX: • kCYst08 c,O lCG• • JCG• 8 0 0 KIIJe 0 
KCX• !O KCY•tlO KCXP•tl8 Kr,vP•t27 11Co• .. •7 JCG• 8 KENt• II l(Et<Z• 0 0 
IICX• 5 ·7 KCX~•IZII 0 lCG• •1 5 J 0 0 

l(Cl'Pa tl8 
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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 colunm see Appendix 
C,7,b. 
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ASTAO ttOt. C&Ll8A&TJO~ FOR S&~JNE•CALC&SJEU AREA 

. SABINE PASS TJOES USEO AS J'IP•.IT 

PERIOO OF AfCO~O• 0000 AUG,22 T~ 11100 AUG,lb,tq7l 

CALCULATJO~S ALLO~ FOR SuR-G~I~ sc,LE CHAN~ELS AhO BAAA!EAS 

TIME SE0UE~CES OF ~•TEA LEVEL ANO FLO~ ARE SAVED FOR THE FOLLO•J~G PLACES• 

GAGE 

GAGf' l 

GAGE ] 

GAGE ca 

GAGE '5 

GAGE b 

GAGE 1 

GAGE 8 

G&GE q 

S46JN~ PASS, SOUT~•EST JETTY 

P~HT ART~UNt CE &A[A OFFICE 

hO~T~ SAeJ~E LA(l 

DElUMO~T, ~ECMt.S AJVEA ,~o ~RAKES 8Ay0u 

ORANGE ~AVAL ST&TJo~. s•et~E AJVt,A 

ClMf~O~, CALCASJt.u PASS 

Ma,•SiNRy, CALCASIEU AJVEA &~0 P&SS 

AT CALCASlf.u L~CK, 

LAKE CMARLt.S, C&LCUJF.l• AtvfA 

FLO• S&SJ~E P&SS !~FLOW 

l CALC&SlEv PASS J~FLn• 

FLOW] FLO• TO ~~CMES AlVfK FRnM s•~J~E LAKE ANO'INTA&COAST•L WATEA~av 

fLU• l&ST~a~n JLO~ ~Ja JNTPaCO&ST&L CA~AL JUST EAST OF SABJ~E PJVfP 

FLO~ s FLOW TO S&~I~f PlVfg FROM SA~I~f LA(E ANU INTAACOAST&L ~ATt.A~AV 

FLO•~ FLO• TC CALC&SJE~ ~!VFA FPQM C&LC•StEU LAKE &NO JNTAACOASTAL w0 
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1,0 ••• •.on •.oo ,o, ••• ,)J •.o, ,01 ,Ol ,.,., 11,1l •• oo ,01 •.01 .. ,. 
l,O .. , ,OS ,oo ,OA ,ll ,H .,. ,OJ ,Ol ···" 11,1' .,.z> ,eo •I ••l ... , 
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s.o •J' .,, ,11 .,. .. , ,JI .1~ ,l_ ,JO U,ll JO,Sl I ,JS .. , ..,,, ... , 
••• .,, .,. ,lf ,J1 .,. ,i. ,Jl ,JJ ,Jf ,, .. , , .... 1o•• ,lO •. ,o .. ,, 
1,0 ,S, ,JJ ,n .. , .,. ,n . , .. ,h .. , .,.o lJ,ll ,JS ••• •••• l,U 
4,ft •l• .,. .,. .. , ••• •JI ,,, ••l .• s Jt,U 11 •• , ..• , ..oz •• ,01 • •• ••• •l• ,J• .. , .... ,SI ,l8 ,J• .. , .• s ll,ll IJ,I) ., .. , ••• ., .. , •,01 
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l•,O .,. • •• o ... , .... •• ,1 ,n .. ,. .. ,, .. ,, tn,s, , .. ., , ... I ,SJ .,,1, '·" IS,O ,.ft ••l• •••• ... , •• f J , 11 ..,~ .. ,. ···" tJJ,lft fl,•l , ... I, 11 ••O• ••••• , ... .. , •.o• .. ,. •••• .... ,et •,00 ... , ... , t•o-~s AO,OJ S,11 . ,, t,JJ ,, ... 
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s•,o .. , .s• ,Sa ... . .. ... .,; .,, .s• ., ... ,, ... ,SJ .. ,, ••••• ., ... 
•o,o .,s .,. .,, .,, ••• ,SS .s• ,S4 .s• Jl,o• 1, ••• ••• •. ,o ... , . ., , 10 
•1 ,o ,SJ •• o ,., ••• •• o ,SS .,. .,. ,Sf n,s. , •• s, . . ,, •• o. ., .. , ., . 
tl,O ,n .. , ••• ·" .. , ,J. .,, .,. •• o •••• 1,Sf .. , . ,10 .,.,, ,JI u,o ,ol •• o .. , , 10 ••• '" ,Sl .,. •• o ., •• o, .,,.01 .,.,, ,St ..... •. ,o 
•••o •,)t ,SJ ••• ••• ••• ..,, .. , .,. .s• ., .... •JS,S' ., .. , ,SI •l,St .,.,, 
H,O •l•O• ,el ,SO • ss ••• .. ,, ., . ••> ,SI •IU,e• ., •• ,o ••• ,o ,,. .... , ••••O •••• ., ... ·" ,JS ... . s, •l•lJ • •• .,, ., . •tSl,ft ...... .,.,, 1,1' .,.,. •11,U 
t7,0 • ,.,o ,OS .,. ,ll .., .,.,. •• 1' • •• ,tJ ....... •tftO,ll . .. ,, •••• .,.,. •IS,Jl 
•••• ., ... ..,o ,oo •• os ,lO .,.o .. , . .. ,. ... , •tss,s, ...... .•. ,, l,Of •>·•· ····•s •••• . , .. , ..,, ••l• .,,~ ••O• .,.,. .. ,. .. ,, . .. , •t>•-•o ...... . , ... , ... •J.H •IS,'1 
10,0 •l eOl .. ,. .. ,, ···" .. ,. . .. , .. ,. ..,. ..,o •IU,•t .,, ... .... , ,.n •>,H .,, •• s 
11 ,o .. ,, ... , •••• ··'" ... , .. ,, ..,. . .. , •. ,s ••o,u •••••• .,., . l,H ., ... .... , 
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, ....... ,~ 0Uf,-UT , UI MOH•• ,o NTfMfo •~o 
•LL " V&LUU , .. JffT, •L~ W VlLUU IN c,s 

I J ~, o, .. QIP ... ., ... oo .. , on o,, o,, O•• 

'"'""n •u, .. 
I •I I .,,n ·•114, •o•o,, 0.000 0, o. .'>1111 o, •• O, o, 
l I l .,.~ '"'"'• onl, o,ouo o. o, .... , o, o, o. O, 
1 • ) ·••IJ oe,i, •nu, , 11, -e,01>, etf0\18, .•o• 0, •O, 0, )10,, 

• 1 ) 0,00ft 0, 0, 0,000 0, o, ,375 o, o, 0, o, • 1 • ,11, 11011, "'"' ,HI •ll45ft0, •lllo•, . , .. o, ••o•. 0, O, • • • 0,00ft o • 0, 0,000 O, o, ,311 o. o. O, o, 
1 • • ,UA ,u,o, ,., ... ,l1l o. o, ,U• •ll fl, o. 0, o, 
A • • • )Ja •••••• 1nu, .,.,. •ltU• •ll)l, ,)lA o. n. O, o, • • 1 • u, 161-llo ,,,01, ,I 78 .1,11 • .,s,1, ., .. o. 0, 0, 0, 

to 1 1 O,ftOO o, 0, ,JI• , .... ,,, .. ,u, o. •• 0, 0, 
II • 1 ft,OOft o. o. .)Jl ,n .. ,011, . , ... o. o, 0, O, 
tl A • . , .. •OJJ, . ,.,.. • JI• o. o • ,s.n o. o • 0, o. 
I J • , 0,009 o. o • ,Joo ••••• ... ,. ,JH o • o. 0, o, ,. • • .,,, . .. ,. ... ,. 0,000 O, o, ,JO o. 0, o. O, ,, • 10 ,,.,. ... , . eu. 0.000 0, o, ., .. o. ,., .. O, o, ,~ • II ., .. .,,,, . .,, ... ..os IJQJ, ll .. , .•01 0, o, o, 0, ,, I 11 0,090 ft, o, ·•10 IJ?S, IS.J, ,10, o. 0, 0, o, 
14 1 11 o.oon O, 0, O,ftlilO O, o, .,,o 0, o, O, 0, ,. 1 11 ..,,,. .,,,,. .,1.,. ,all ,.,, .. u,,. ,at• o, 0, 0, O, 
l• • 11 0,000 O, 0, ·"" tall•• '"'"· .. ,. 0, o, 0, o, 
ll ' ll O,ftOft 0, 0, 0.000 0, o. ,421 o. 0, o, 0, 
ll • tJ ••ll .,.,. .. .,,o,. 0,000 O, o. .•n o. o, 0, o, n ' ,. ··" ., .. ,.,. •tJ•tt, ,dl tJ•l• t>••· .•z• 0, 0, 0, O, ,. • ,. ft,OOft O, o. 0.000 O, o, .•u o. o, O, o, ,, • •• .. ,, •ISU, .. , ... 0,000 O, o, .. , . o, o, 0, o, 
16 • ,, ••i• o, 0, •••• •u••• •Ual, , . ., 0, •• o, o, 
11 • ,. ... , .,,,11. •Ul•• ... , ""' u, •• •••• 0, 0, o. 0, 
1• • .. .. ,. o, O, 0,000 o, o, ... , •• o, 0, O, ,. • 11 ... , .,,.1. •101, .. ,, u, • •• •••• o, o, 0, o, 
JO • 11 •••• o, 0, •••• •IIU• •11•1, ,.,. o, •• o, 0, 
JI ' ti .. ,, •11•1. •1160, ,.SJ IUO. ..... ,.,, o, 0, 0, o, 
JI • ti •••• o, 0, .• u o, •• .. ., 0, o, 0, o, 
JS .. ,. .. ,, •1 l Jo, •1100, 0,000 o, •• .. ,. 0, 0, 0, •• 

c, ...... u •taCN ' ,. J ,, o,oon o, o, 0.000 0, o, ,151 o. o, o, o, ,. J •• ..,, •Sle ., .. .• u 10, , .. ,,u o, o, 0, o, ,. . , •• 0,000 o, 0, .,n o, ,o. ,,n •• •• •• •• .. ,,. ~ht~ "'•o•oc•a••• (OIi ,,-o •l• ''-O•S IJ0OO C'SI 

MOU• I ' • • ' • 1 • • I ' • , • ••• o.oo 0.011 o.oo 0.011 o.oo o.oo ...... o.ott 0,00 ... ,, O,Olt •••• 0,00 o,ott 0,00 71,0 ••• .. ,o .. ,. .... .. , . ••U .. ,, .... •,IO •1\,oJ •ZJ.•o ., ... ,., . ., .. , . .. , . u,o ••• ... , .. ,, ···" ... , •II ... , ... , .. ,. 11,ll t , ••• .. , . l,11 .,.,, ... ,,.o ·" •,11 •• ,1 .. ,,. •• 1t .,, .. ,, ••'-1 ..• , •o••• .... , ... , , .. , •t ••• . .. , "·· . ., .. ,. •·>• . .. , ... , ·'" .... •• s, .... ,, ... , ••. o, ..... l ••• . ... IJ,1, , ... ••• ... , .. ,, •• 141 . ... , .,o ,01 •••• .. ,, .,, .. , , .... '·" ·" . .. l 7,01 ,, .. ••• .o• ... , .,, .. ,. .,, ·" ••• •I, ,,, .. , ,,.o, •••• .. , . • ••• , .. '' , ... ... .,o • 11 ., . • •• ·"' .,. .,, .. , 101,0l ., .. , l,14 .. ,, ... , IJ,U , .. , ... .,. .,. .., ••• .., . ,. ••• ••• . .... ,,.,, ·" ..,. . .. 1,JO •o,o ••• .1. . n ·" •'° • •• . ., ••• ,., , .. ,, • •••• ., .. , .... ... , ..... .,.o ·" .. , .. , ••• ••• • •• ... ·" .u ... ,, Jt,14 •l,JJ . , .. , •t .o • ., . 11,0 ••• ... . .. ... .,o .,, .n .,. ·"' 1, .•• )f .,. •t. ff . ... ., .. , •left 0,0 ... ·" .,o ... ... • •• ••• ·" ••• "·" , ••• o .. ,. ••S• ., ... .,.,o ••• o .1. • •• . .. .. , ... ,n ••• . .. ••• . .. ,. , .... ,.,, ..JJ ., ... ., ... • ,.o •It ... ·"' ••• .oo ,,. ••• .. , .,. ..... )fe01 ··" ••l• ., .. , .., ••• o ••• ... • •• .. , .. , ,It •• a ••• .., ••••• , ••• 5 t••e ..,, ., .o, ,.,o 
lf.O .. , ·" ·" .. ••• ... .,, ••• ••• •:.,. lf .oo .u ..o• ..-.1 ,. ,, ... , .,. ·" ·" ••• . ,. ••• ••• . ,, ·" •••• •••• •• f 1 • 01 . .. , , ... ... , ••10 ·" . ,. ·" ,., ,o• ,61 . ,, ·" .. ,.,. .... ,. .,. f• • oo • •• o ... •o.o .. ,. ... . ,, . ,. ••• .... • •• • •• e'Pf •llOeOf ., ••• 5 :,.,. .n .,., . •.left • ,.o . ,.,, .. , .u ••• ••• .... .,, .,o .•• • ,1,.,, ..... , .... , . , . •l•l• ••••o . , .. . .... .,. .. , .. , ·" .,., . .oe .,. •• o .,.,.o, . ..... .... , ' .. , .,.u ., .... .,.o ., ... .11 ,ll .,, ••• •I •U -.o, .o, .o• •t•htJ •too.,• .,.o • , ... • .1,.,, ·••··· ... , •t ••• ••o• .., ••O• .,o .,.,, .. ,, .. , ' •. ,o .,., .• , .... ,, .... , ,.,, ., .. , .,, ... .,.o •l •O• .. ,. ••It .. ,. ••O• • ••• .. ,, •• .1. ... , .,,,.,, ., ... , •Se JO '•"' ., ... ., .. ,, 
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c"•""n •tac .. 
J? 10 10 o.ou o. o. • 1,. 110 •• 11 ... .1•0 o. •• •llJ. o. 
)4 II 10 o.oon o. o. .1•0 11 ... Joa. • ••• o. •• ••••• o. ,. II 10 0.000 o. o. •••• >••· .. , .. . .. , o. o. •llll• o. eo " II ... , .. , .. •IOU. ·'°' -1~, . ·••J. • ••• o. o. o. o. ., 11 II o.oon o. o. •••• ., .... •t1ol. .,11 o. •• o. o. ., 1• II 0.000 o. o. ·'" •t1•l• ... ,,. ·"' •• ,. •• o. 
•1 ,. ll . .,, ... ,. . .,,. . ,., ., .. s,s • ..,. •• •• o. • • •• II ,, •'I I o. o. o.,oo •• o. .,., •• •• o • o. •• 11 " . ,., .. , .. ... , . o.noo o. o. •••• •• •• o • •• d 1• 11 .SJS o. O, . , .. •••S• .,,a . . .. , o. •• o. o. ., ,. ,. -·~· .,,,. •••l• 0.000 0. o. ... , o. e. o. o. •• 11 ,. ,.ooo o. o. ·'" . .. ,. •IO••• ···~ o. o. o. o • •• " ,s ···~ •1t,••· •lll4e ··•4 12•1. ,z, •. ... , •• o. o. o. 
'° ,. ,, ·'" o. o. 0.000 o. o. ., .. •• •• o • o. 
" ,. " ···- -•1•1. .,,.,. 0,000 o. o. .,n •• ,. o. o. ., ,. ,, •"l . ,, ... .,., .. 0.000 o • •• ..... •• •• o • o. ., ,. ,. .... . ,,., .. .,.,o. 0.000 o. o. ·"' •• o • o. o • ,. •I• ,. . ,,, . ,.,o. •1'00 • 0,000 o. o • .. ,, •• o. o. o. 

c"•~"n •l&CM • 
s, II II •••• o. o. 0.000 o • o. ., .. o. •• o. •• ,. II " ., .. ns. l••• .sll .,, .. ·•··· ., .. o. o. o. o. ,, 10 " o.oon o. o. 0.000 o. o. ·'" o. o. o. o. ,. IO " .su ,,,. ... .SJI .... ·-·· ·"· o. ,. o. o. ,. • tJ o.oon o. o. 0.000 o. o. .,1, o. o. o. o • 
•0 •• 1• • •u, ••• o • 0.000 o. o. ·"' •• e • o. o. 

c ....... , .. •t•C• . , " II ~.ooo o. •• .S11 .,,,, . •tJo•. .,,. o. o, o • o, . , ,. II o.oon O, o. ·•>• •lJO•• .,., .. .,,. o. o. o. o • u ,, II 0.000 o. o. .oe ... , .. .,, ... .,.o o. o. o. o. •• ,. II 0.000 o. o. •••o . ,,~,. ., .. ,. .,.o o. o. o. o • •• , . 11 .n, , .. ,. ,u,. •••o •t••J• •••n • ..,, o. o. o. o. •• ,. 10 O.Ot>ft o. o. 0.000 o. o. .,u o. o. o. o. ., lO 10 O,ftU(I o • o. ·"' ., .. ,. .,o.,. ·"· o. o. o. o. •• " 10 0 ,01)0 o. o. ·'" •lo•'• •21J0, .,u o. o. o. o. •• " 10 0,004' o. o. ., .. •1140, •ll•S, .•o• . . ,. o. o. 
70 " 10 •••• 111••· ··"· . ,o• •llttJ. •lJYJ, ,,oo o. c. o. o. 

C"•""lL •£•tw • 
11 _,, ···~ ,.,,1. , ..... o. 0,000 o. o. .,1. o. o. o. o. 
" lJ . 0,01)11 o • o. ·"· .,,.., ,1 .. ,. .,., o. o. o. o. 
f) lJ ' .,., ,, .. ,. ,, .... .,,.. .,, .... •tll•I• .s,s o. o. o • 0, 
'" ll ' . ,1. ••llll. ..,.,i. 0.000 0, o. ., .. o. o •• o. o. 
" ll , ., ... ,.,~ .. s-1,z. 0.000 0• c. ... , o. o. o. o. ,. ll • ·"'' '""'· •t•ct. 0.000 0, o. .,11 o. u1•0. o. •• " ll ' .Sf, "''•H• lU••• 0.000 o • o. ·'" •IIJOS. Sin. o. o. 
71 l) ' 0.000 o. o. • J11 ,., ... l0f 11 • .,u o. o. •• s, •. o. ,. lJ • .1,, ,,.,, .. 10.,s. 0.000 o. o • •• ,11 o. o. o. •• ao l) ' ... ,, '°'"• ,~su. 0.000 o. o. .oa o. o. o. o. ., ,, • ,a, .. l•SSJ. 1001•• 0,000 o. o. •••• o. o. o. o • ., l) • ... , ,,,., .. lOJlf • 0.000 o • o. • ••• o. o • o. • o. ., ,. • 0,00ft o • o. •••• t•SJ•· llU, . .. , o. o. .., .. 1. o. •• ,. ,. •"'II ,t1J, t•a•. • soo nu. 10,1 • .so, o. o. o • o. .. ,. ti .so ... ,,. ..,,o. 0.000 o. o. .,,. o • o. o. o • •• I• ,, . ,,. • ,,o. ,.4 .. , 0.000 o. o. .,., o. o. o • o • ., l• I 1 ., .. 1 ,., ... 1no. 0.000 o. o. .,s. o. o. o. o. .. lS I 1 o.oon o. o. ·"· ,no. 1SSl, ., .. o. o. o. o. n lS ,. .~ .. '"'· USJ. o.~oo o. o. .,., o. '"'· o. o. •o ,. 1• 0,00ft o. o. .,., USS. •>11•. .,.. o. o. .,s,,. o. ., l1 ,. C,Ot'ft o. o. . , .. . , ... .,, .. .,., o • o. o. o. ., l1 ,, .,., .,,,. ... ,. o.oo• o • o. .,., o. o. o. o. ., . ,. ,s 0,"CO o. o. .S~l ... ,. ·••oo, .s'l o • o. o. o. 

C.,.,,--,.tL •t•t .. .. 1, 10 0.000 o. o. ,,u4 sss. • ••• .sn o. o. o. o. ., l• 10 • ,.1 . ,-,. •)77 • .1ll •••• 111. .ss • o. o. o. o • •• , . • n.ooo o. o. 0.000 o. o. •'"' o. o. o. o. 
" lf • . ,., .. ,. •1•0 • ., .. , HS• 1,0. .,s • o. o. o. o. .. 11 e o.~o~ o. o. 0.000 o • o. ·'" o. o. o. o. •• .,. • 0 ,O(Jft o. o. ·'" . ,. o. .su o • o. o. o. 
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, ....... u. .,.c .. • 
IOO . , • 0,00~ 0, o. ,1n 0, . ,,. ,,, . o. o. o. o. 
IOI l • 0,00 o. o. • 1s• ., .. .,,, . ,lSl o. o. o. o. 
IOI J • ~.ooo o. o. . ,s, .,,,. •110 • ., .. o, o. o. o. 
10, s s . , .. •lJO. .,,o . o,ovo o, o. . , .. o • o. 0, •• 
10• • • 0,000 o • o. . , .. .,,o. -20,s • • ,s, o • o. o. ""· 10, ' ' 0,000 o. o. ,ISi ., .. ,. •IHI, ,n, o. o. o. o, 
10• , • ·"' .,,.,. .,,.,. 0,000 o. o, . , .. o • o. o. o. 

'°' • ' . , .. o • •• 0,000 o • o. ·"' o. o. o. o. 
to• • • .,u ,s11 • )17), ,t\0 •l•O• •S1U, , IS• •Sfl I, o. .,., .. o. 
10• • • 0,000 o • o. . ,., o, o • ,ISO o. 0, •• o. 
110 • • . ,,o 1•0 • ,., . . , ... •lftle .,., . . ,., o • o. o. o, .,o, • 0,000 0, o, . , .. o • o. o. •• I II J • . ,., .,, . 
"' J • 0,000 o, o. . ,., •110• .,, . . ,., o • o. 0, •• 
"s l • 0,000 o. o. . ,., ., .. -,o . ,,., •• o • o. o. .,, . • ,.1 •• o. • • o. ... •I • 0,000 o. o. • 1•1 o, 
C,.,,..,&L •uc" • 
"' s ,o . ,., ins. , .. .,., ··•· ., .. . ,., o • o. O, o, ... ' to 0.0011 o. o. 0,000 o, o. . ,., o • o. o. o. 

"' ' II .,., ••• u. 0,000 0, o. . ,., o • o. o. •• 
"' ., u . ,., u. o. 0,000 o, . o, ,lat o. o. o. o. 

C"'""lL •uc .. 10 ... • • ,St• , .. , . JJU, .,,. o. o, . ,,, o • o. o. o, 
uo . , • ,SU o. o. ,SI 7 uu. o. . ,,. o • o. O, JSS•, 

C"•""lL •uc .. II 

Ill . , • . , .. ..,., . .,on. • s>• o • o • . , .. . , .... o • o. o. 

YOL•J~l o, ••Tl~ UOYL • !SH,• •ILLl0"9 o, cu " C '"t Ha•a~O •0•$ '""U Jo l ur l•CLU~EOI 

C"•""tL OUT'Uf ,01 "0Ulo t0 NflNh '°' ALL M VlLUIS , .. ,u,. ALL O VlLUU IN c,, 

• J ... OlN ga, "' , ... QYIJ MC OlT 01, o,, °'' 
C,.l,.NlL .,,c .. 

I •• ' .. ,, Sl0~ •• ,,, ... 0,000 o. o. •••• o. o. o. •• • • , •••• ,,, ... )1111, 0,U0 0, o. ·"' o. o • o. o. s • 1 ,SS7 HJII, u•••• ,'78 .,,.oz. •JS•••• ., .. o. •0, o. •IIOO, • ' J 0,000 o. o. 0,000 o. o, ·'" o. o. o. o • 
' ' • ,Sfl J••o1, J•>•'· ., .. •llSU, •ll•••• ,,.. o. ., ... o. o, • • • 0,000 o. 0, 0,000 o. o. . ... o. o • o. O, 

' • s .... ,,sn. ,u,, . ... , o, o. ,s., . .,.,. o. o. o. • • • .,., ttJt• • 111••· •••• •U'7, ., ..... ., .. o. o • o. o, • • , ..... ••oo, ... , . •••• . .. ,,,. ... , .. ·"' o. o • o. O, 
10 ' ' 0,000 o. o. ... , n, -,o. .,,. o. o. o. o. 
II • ' 0,000 o. o. ,s1• .. ,. .,, .. ·'" o. o, o. o. ,, • • ·'" ., ... •111. . ... o. o, ·"· o. o. o. o, 
IS • • 0,000 o. o. .,,. •111, ••o•. .su o. o. o. o, ,. • • ,111 •• o •• •s••• 0,000 o. o. .... o. o. o. o • ,, • tO •••• ••••• •3••· 0,000 O, o. .... o. •JU, o • o. ,. • II • 1eA . ., .. u• • .,., . ,.,. .. , .. .s., o. o • o. o • ,, • II 0,000 o. o. . ,., ..,,. .,., . .,., o. o. o. o. ,. ' II o,oo• o. •• 0,000 o. o •. .,., o. o. t, O, ,. ' II .,., . ... sse, .,., .., .. .,, ... .,., o. o. o. o • 
10 • II 0,000 o. o, •••• •J•l• .. , .. .,., o. o, o. o, 
II , ,, 0,000 o, o. 0,000 0, o, ., .. o. o. o, o, ,, ' ,, ... , JU, ld, 0,000 o, o. .... o. •• o. o. n ' ,. . ,., ,.,. , .... .,,o ••J• .,.,. .... o. o. o. o, ,. • , . 0,000 o. o. 0,000 o. o, ,s,o o. o. o. o, ,. • ,, ·"' .,, .,,. 0,000 0, o. ·"' o. o. o. o • ,. ' ,, •••• 0, o. ,S1l .,,. ., ... ·'" o. •• o. o, 
l' s ,. .,,, . , ... •l'l• .,,. ,.,. '"· ·"' o. o. o. o • 
'" • ,. ,'11 o. o. 0,000 o, o • .. ,. 0, o. o. o, ,. • ,, .,,. .,., . •SU, ,Sh .,, .. .,.,. ,sn o. o. o. o, 
JO , ,, ,SH o. o. .s,, ·••J· .,, .. ·"· o. o. o. o, 
JI ' •• ·"· . ,, .. ••o•• .,,. IOftJ, •o•• ,S1' o • o. o. o. 
H • ,. ·"' o. o. ·'" o. o • ·'" o. o. o. o. 
SJ .. ,. ,STI •100J, •1100, 0,000 o, o. .,,. o. o. o. o, 

C1<a~~EL •tac .. l ,. J ,, 0,000 o. o. 0,000 o. o. ·"· o. o. o. o. ,, s ,. ,Sh 111. .s. ·'" •JJ• ..,. ·'" o. o. o. o, ,. •l 18 0,00~ o. o. ,SU o. •1J. .,,. o. o. o •. o, 
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·c .. ,N~l~ •l•C• J ,, 10 to 0.000 o. o. •••• . ,, ... •t>1• • .,u o • o. •• •• ,. 11 to o.ooe o. o. .Hl .. ,, .. ., .... ., .. o. o. .,.,. o. ,. ll 10 0.000 o. o. • ••• . , .... ., .... •• 1, o • o. •J••· o. 
ao ll II .. ,, ., .... ... ,o. ..I). •• • • ··" o • o. o. o. . , ,s II 0.000 o • o. • .il •IIU. ., .. , . ••o• o. o. o. o. . ,. , . II o.ou o. o. •• o, . , .. ,. .,., .. . .. , o • o. 0, o. ., , . " •• o, .,,~ .. . .,.,, •• os ,, ... , ,.,, •• o. o. 0, 0, o, .. ,, " ••o• o • o. 0.000 o. o, . ... o, o. o. •• •• 11 u .• o, .,, ... •tfJI. o.uo 0, o. ., .. o. 0, 0, 0, .. ,. I) ••O• 0, o. ,HS •1711, -1,,s. ·•o• o. 0, 0, o, . , ,. 1• •• o .. . ,,,, . ., .. ,. 0.000 o • o. ..,. o. o. o. •• .. ,. ,. 0,000 0, 0, •• o. . , .... 

·•···· 
. ... o • o, o, •• •• ,. ,. .. ,, .,., .. .,, ... ··" .. ,. . "'·· ..a. 0, o, 0, •• '° ,. .. .. , . O, o, 0.000 o. •• •• 11 0, o, o. •• . , ,. ,. ... , .,,, .. ... ,o. 0.000 o, o • ..,. o, o, o. o. ., ,. ,, •••• . 1,,0 . .,,, .. 0.000 o • o. ,uo o. o. o. •• SI ,. ,. ,UO . ,,, .. •l1tl. 0.000 o • o. • ••• o, 0, o. •• •• ••• ,. ,eo. . ,,,, . •1'0. 0,000 o • o • ·'" o, 0, •• •• 

CN&NNlL •t•C• • 
" II ll •••• o. O, 0.000 0, o. ·•o• o. •• •• •• •• 11 II .. ,. ••• . .. ..o. •• •• .u • o • o, •• •• ,, 10 " 0.000 0, 0, 0.000 o. o. ..,. o. •• •• o. .~ 10 II ••o• ·•· •l• .• o, 1. ,. •• os o. o. •• •• •• • IS 0.000 o • o. 0.000 •• o • .. ., o. o. o. o • •• •• ,. ••01 •I, 0, 0.000 o • o. ·'°' 0, 0, 0, 0, 

C•UNNfL •t•C• s . , "' II 0.000 o. o, ··°' •••• .. ,. •• a. •• o, o • •• ., ,. II 0.000 o. o. ..o. .. ,. ..,. ·'°" •• o • o. o • ., ,, II o.uo o. o. . .o, .. ,. •loo. .. ,. o. o. o. o • •• ,. II 0.000 o. o. ..o, •too. •tot. .. , . o. o. o. o. •• 1• II ... , uo. .... • ,oa •101. .,, .. . .. , o • o • o. o. •• ,. IO 0.000 o. o. 0.000 o • o. ••Ol o. o. o. o. . , lO IO 0.000 o. o. •• u • ,10. .,.,. .uo o • o. o. . .. 
•4 ll IO 0.000 o. o. •• oo . ,.,. .,,,. ... , o • o. o. o. •• ll 10 0.000 o. o. ., .. . ,,,. .,.i. • ••• o • o. o. •• ,, u 10 ., .. ,,,. su. •••• . ,.,. .,,z. .,., o • o. o. o. 

Ct'li"'"-lL at•C• • ,, •ll I .1JI" 11••·· lSlH. 0.000 o. o. . ... o. o. o, o, ,, lJ I 0.000 o. o. •••• .,.,. n,•. ,Sae 0, o, O, •• n zs l .'i•• c~1•• see,, • n• .. ,,,. •SIU. .sn •• o • 0, o. 
fa ll l .sa, ,•o•s. ie1n1. 0.000 O, o, .u• •• 0, 0, •• n ll s • s\• 1aaf"a. , ... ,. 0,000 o. o. ,no •• o, 0, • • ft z, • .'iff" l••ns, ,on. 0.000 o. o. ,s.s 0, UIS. 0, •• " a s .s., , •n\, u.a. 0,000 o. o. ·"" . ,, ... llH • o. o, 

" lS • tt.00CI o. O, • su , •• o. SO~•• ,so 0, o, ., .. , . o, ,. lS • .Hn ll0*•• so••• 0.000 • • o, .us o, 0, 0, o, 
80 lS ' .,,, ~0•1. so••• 0.000 o, o, ,se• 0, 0, 0, 0, 
fl l) • .~e• ,0•1. sott. 0,000 o. o, ... , •• •• 0, •• u lJ • ,s,, .... soeo. 0.000 o, 0, ,sn o, o, 0, •• n l• • 0.000 o. o. .s•s •so•• •10•l• • s,s •• o. ...... •• •• , . 10 . ,., .,o.,. •111•• ,5•J , ... , ... • .. o 0, 0, • • •• .. l• II .s•t1 •11<'0• .,,,,. 0.000 o, o. ·'" o. o, 0, o, .. l• ,, ... , .,,,s. •11""• 0.000 0, o, .sn 0, o, •• o. ., l• ,, ,Sf) ., , ... •11•>· 0.000 0, o, ., .. 0, o. 0, o • 
u lS IJ 0,000 O, o. ., .. . ,,.,, •1181. .s.o 0, o, •• o, ,. ,. ,. •••o ., ,,,. •!Ill, 0.000 o, o, • su 0, ., .. 0, O, 
•o l• 1• o.oon o. o. • n1 •llll• .,.o. ,s,, •• 0, , ... •• ., l' ,. o.oo~ o. o. .,., .,.,. .,, .. ,sa, •• o. o. •• . , ,, ,. .s., . ,, .. .,, .. n.ooo o • o. ., .. •• •• 0, . .. ., •ll u 0.000 o. O, •lj•a •fT•• ••oo. ., .. •• o, 0, •• 

'"'"'n •t•C• ' •• IS 10 0.000 o. o. •••o S•I• S,5. .s,, o. o. •• o, .. l• H • s•a .,, .. .,, .. .s•l ,,,. lei • . .. , •• o. 0, •• •• l• • o.00f" o. o. n.ouo o • o. ., .. o, o. 0, •• ., ,, • ., .. • ••• •a••• .Sil• .,, .. •••• ,s,s o, o • O, o, .. lf • r..oo" ~. o. 0.000 o. o. . ... •• •• o. • • •• •l9 e 0.000 o. o, .s•• ••• o. ., .. o. o. o. •• 
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c ... .,.,n •t•c .. • 
100 •l • 0,0U0 0, o, .n, 0, .. ,. ,HI o, o, O, o, 
IOI l • 0,000 0, 0, .n, -~,. •lt't. • ••• o, •• 0, •• IOI J • ~.ooo 0, O, . n, . ,., .. ·••·· .ss, •• • • 0, 0, 
IOI J • ,n, ., ... .,o,. 0,000 o. o, .n, o, o, o, o, 
10• • • o.oon o. 0, .ss, •2<t1. •Uos • ,SSJ o • •• 0, IOfJ, 
101 • s 0,000 0, 0, ,.SJ •lJoS, •2Ja5. ... , o, o, 0, 0, 
tel s • •••• .,,., . •UH, 0,000 0, o, •••• o, •• 0, 0, 

'°' s ' •••• 0, 0, 0,000 0, o, .... o, o, 0, o, 
109 • • .• u "'°'' u,, . .. ,. -,~ .. ., .. , .. .. ,. •JllS, o. •JOfS, o, 
to• • • O,tOG o. 0, .. ,. O, o, .. ,. o, o, 0, O, 
110 • • .. , . ,~ .. ,,., ,a7S ., ... •ll•• .. ,. o • o. 0, o, 
II I J • .. , . . ,,. •••• 0,000 o, o • ..,. 0, •• 0, o, 
Ill J • 0,000 0, 0, .. ,. •••• ., .. ,an o. o, 0, 0, 
IIJ I • 0,000 0, 0, ,a7S ., .. • ••• .. ,, o, o, 0, O, 
II• •I • 0,000. o. 0, ,.,. 0, . , .. ,us o, •• 0, 0, 
c ..... ~,1. .,., .. • 
'" J 10 .. ,. ••• "· ,., . .. ,. .,z. ··" o, o, 0, o, 
tu ' 10 0,000 o. 0, 0,000 0, o, ,.,. o, o, 0, o, 
II' l II .. ,. .,. u. 0,000 0, o, ,•n o, •• 0, o, 
Ill ., ,, .. ,. u. o, 0,000 o. o. ..,, 0, o. o. •• 
C••""IL •t•c" 10 

II• • • .... llfl, ,,ss . .. ,. o. •• .. ., •• • • 0, •• uo . , • ,., . o. o, .. ., ,, "· o. .... o. o. •• '"'. c ....... , .. •ucw II 

Ill ., 'I •••• ""'· lJOU, ·"'' o. o, .sn Jo. •• o. o. 

VOLU"I O' ••TE• •~OVt MIL • ,.,, ,o .. , .. uo .. s o, cu ., 
C'•l ll••••~ •~•6 T•~u Jo l nr l•C~UOlOl 

, ...... ,,.[1,. vuT•u' 1 u• .. Ot•A• •o "Tl"h ISSO 

&LL " ••LUU , .. HIT, •t.L Q ¥61,UU , .. era 

• J ... 01" QII' ... O•" 0'" .. , Olf 01, o,, o,, 

C••""ll. •t•CM 

I •• I ••'•~••1~c•'••'o•o11. o,ouo o • o, ... ,, 0, o, •• o. 
I ' I ·•"ll•tft•o11 •• 1ol••>· 0,000 o. •• .. ,s, 0, o, o • •• J 8 J •.1S1•101o&s •• ,ooooa. ,Ill ., .... 10000• • .o•• o. •O, o. •!I'll, • ' J O,OC~ o • o. 0,000 o. •• ·'" o. •• o. o • • ' • . ,,, -~1e•1 •• as,az. .. ,. 11110, u•st, ,hi o • •OJI, 0, •• • • • o,,oo o, o. 0,000 o. o, .. ,. o. o. o. o. 
' • .•. , .,,.,o. ... , .. ··" o, o • •••• •7U, •• O, o, • • • •"•· .... .. .,.,,. •••• • •• ,es. .s,, •• • • 0, o, • • ' .s,, .-s,., . •SJSI, ··"· •JS1f, •Jijd, .s., o. o. 0, O, 

10 ' ' 0,000 o. o. •••• . ,.,,. .. ,, .. . . ., o • o, o • o. 
II • ' 0,000 o. 0, • s•z .,,, .. .,.,, .. .. ,, o • o. o. •• " • • ... , .,en•. .,aos. •• o. o, o • ,u1 o • •• •• •• 11 • I o,oo• 0, o. •• u . ,.o,. • ,ooz • . .. , •• o • o. •• .. • • ,01 •101\l• ••• 01. 0,000 o. o. ,.,, •• o • •• • • .. • 10 .. ,, •••"S• ••l•l• o.oo 0, o, .... •• . .. ,s . o. •• ,. • II .• e, •'1'1. •Soto, .,,o ,. ... J0IO, •••• o. •• o. o. ,, • II 0,00~ o. o. ,fZI hU, , .. s. ·''° •• o • o • o, 
II ' II n,ooo O, o. 0,000 0, o. .u, •• • • O, o. ,. ' ,, .,,. . ,.~,. •US\, • ,ao u•o• 2!tJS, • fJt o. •• o. o • 
10 • ll O,UO o. o. . ,., u~•• uo • • ,.o •• •• •• •• ll • ,, n.ooo o, o, 0.000 o, o. . ,., •• 0, o. o. u • tJ ., .. , •>l••• •2tU, 0,000 o, o • .,sa o. O, o. •• u s ,. •'!u• .,..,. •lo•u•• ,,., ,., .. 20••· ,,., o. o. •• o, ,. • , . 0,000 ~. o. 0.000 o. o. ,,., O, o. •• •• " • ,s .,., • ,.1 •. ·••~·- 0.000 o • o. ·'" o. o. o. o. ,. s ,s .,., o. ,. .,,. ·••~·- •t7se, . ,., •• o • 0, o. 
lf • ,. .,., .,,c •. .,.se. ·"' ,s.s, ··~•. .,., o. 0, 0, o. 
ll • ,. .,,. o • o. 0,000 o. o. .,., o. •• o. 0, 
1• • If . ,., •tS•tj,• ..... , .. .,., '" loS, ., .. o • o. O, •• JO s ,, .,., o, O, ., .. •UfJ, •U~•• ·"' o. o. o. •• JI s •• ., .. .tJ<'•• •lll!t, • ,u IIU• 11,s. ,100 o • •• o. o, 
SP • •• ., .. o, o • • no O, o • .102 •• o • o, 0, 
n •• ,. ... , .,,., . •I 100, 0.000 o. o. .. ., o. o. o. o. 

C••hhfl, •t•CM z ,. ) ,, 0,000 O, 0, 0,000 •• o. ·"· o. o. •• •• ,. J ,~ ,,o . ,,. • ao. ,IOI 10• • o • ,eoo •• o • •• •• " . , , . 0,000 o. 0, ,eo, o. 20. .eo, 0, o. o. •• 
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c~•"-'•l'- "l•t- ) 

)7 I~ 10 0,00~ o. o. ·••!I> •1111• ••1•. .,u o. o, 10., •• )I II I 0 ,.,ot' 0, 0, ·'" ••1•• -·~•. .,n o. o, ·••· •• •• ll 10 ,,.00(' ~. o, . ,u .. , .. .,, ... ,,., o. •• •J•o. •• •O ll II . ,.~ .. . , .. • .. s, . .•ll 100, 1,,. •••• o, o. •• o, 
•1 11 II ,..001" ~. o. •••• ... ,,. -10~,. ,., . 0, o, 0, •• . , •• II C'.001" 0, O, • u • •IOOS, . ... , . ,en 0, o, 0, •• ., 1• ,, .. ,, . ,,,,. •tllt • .... , ., ... 1111. ., .. o. o, O, •• •• u ., .Ala o. 0, o,uo o. o, ,,., •• o, O, o, •• II u •"•I .,, ... •1110, 0,000 O, o. ·"' o, 0, 0, o • . , 1• u ... , .. o, ,e7S 0 11,0, •1111, .u. 0, o, •• 0. 
•' 1• I• .,,. . ,,,, . • 11,,. 0,000 ~- •• ·••1 o. o. o. o, •• ,s 1• ft,001" O, o; .,., .,,, .. .tlt7. ... , o. •• o • 0, •• 1s IS . ,., •I Jt '• .. , .... .•10 U•l• u ... .•ot o. o. o. ,. 
so 1• IS .,., o • 0, 0,000 o. o, .•10 o, o, 0, •• SI 1• 1• ••tn . , s•,. . ,., .. o.ovo O, o • . ... o. o. o. •• Sl 1• 1• •••• .,., .. ., ... , . 0,000 O, o. ..,, o. 0, o. •• SJ 1• •• .. ,, . , .. ,. .... ,. 0,000 o • o, 1,0H o. •• o. o, 
s• •I• 1• 1,00 ., .. ,. .,s,o. 0,000 o, •• ,.u• o. •• •• •• 

C .... ~H •t•CM • 
ss II II ·'" o, o, 0,000 o. o. .,u o, o. o. •• s~ II " .. ,, • ,,.o. ·'"• .,u ••• , .. ·"' o, o • o. •• ,, 10 ., 0,000 0, o. 0,000 o. •• ,en o, •• •• •• ,. 10 11 . •u .... .,, . ..... ll• ,,. .,,. o. o. •• • • s• • 11 0,000 o • o, 0,000 o. •• ,.,, o, o. o. •• eO •• •• .... .,,. o, 0,000 o, o, .,u o, o. o • o. 

C"'•~•,lL •t•c .. s 

•• IS II \\.oon 0, o, .u, ,~,. l•a• ,.,, o. o. o. o, ., 1• II 0,000 0, 0, .. ,, , ... 1, •• ,llto o. o. o. o, ., 1' II ,,.ooo 0, 0, .•t,. ,,.. s, •. . , .. o. o. 0, O, •• •• II o.oo" O, O, ., .. , ... •10. ,71'1 o. o. •• o. •• 1• II • 7Jft •• ,o. -s, •. ,,,, •'SO, ,, .. .,,. o. o. •• • • ., 1• 10 0,000 o, o, 0,000 o, • o, .,so o. o. •• •• ., 10 10 O,OUO 0, 0, .uo .,o. hl, .,,. o, 0, O, o • •• ll 10 o.o~o O, 0, .,o. '°'· lol, .. ,. 0, o, •• •• •• ll .~ ~.ooo o. 0, ..,. ,~,. ., .. •••• o. o, •• • • 10 lS 10 .s., ., .... •l•'•• ..... ., .. 10,,. . . ., o. o, o. •• 
CMlh~U •£•C" • 
" •ll I .. ,,,. ., ... , . .u,u, 0,000 0, o, •. ,1, o. o. O, •0, 
n n I 0.00ft 0, 0, .... , .,, .. ,. •IIIJJ, ... ,. o. o. o. O, 
?J ll ' ... ,. •t 1 lJ1. ••JJ•· •• JOJ TS!l, •H•, .. ,,o o. o, o. o, ,. u , .. ,., ••".,.,. ., ... ,,. 0,000 O, o, ..,os o • o, o. o, ,. u , .. ,., ·"••'•· ... ,,,,. 0.000 O, o, ..,., o. o, 0, o, ,. u • .. ,., .. ~,,,. . ,,,,., 0,000 O, 0, .... o. •1•u1 • 0, O, ,, ,, ' . ,., .,~,, .. ·'•"·· O,HO 0, o, • a., .,, .. ,. .,, J•o • O, o. ,. n ' 0.000 O, 0, . , .. . , .... •• s,s . . ,., o. o, ,.., . o, ,. u • .,., .. ,,, . •"Ot•• 0,000 o, o, ,•OS o. o, o, o. 
to n ' .• o, ... , .. .,, ... 0,000 0, o. . .. , o. o. 0, o, 

" n • ... , .,, ... oJSI t, o,ouo O, o. ·"' o. o. o. o. ., n • .. ,, •J\t• • •UIS, o,ouo o. o, .,., o. o. 0, 0, 
n ,. • 0,000 O, O, . ,., ... ,s. . ,.,,. .. , . o. 0, ., .. , . o • 
•• , . 10 ••o• .,.,,. . ,,.,. •• u .,.~ .. .,, ... ,.,, o. o. o. o • .. , . II ,.,, -1110. •J•o,. 0,000 0, o, ..,. o. o, o. o. 
•• ,. ,, .. ,. ·'""'. -so••• 0,000 O, o, .. ., o. o, 0, o, ., ,. ,, ... , -10••· -z,,-.. 0,000 0, o, ,,01 o, o, 0, O, .. " II 0,00~ O, 0, , 70) .,,, .. ., .. ,. .,u 0, o. 0, o. 
•• ,, ,. ·'" ., •• 1. .,., .. o,~oo 0, o, ., .. o. •SOI, o. o. 
•o ,. ,. 0,00ft 0, O, ., .. •ll~a. .,s ••. • f4i• o. 0, '"· 0, 
•1 ,, 1• 0.000 0, O, • ,so . ,, ... .. ,, .. . , .. o. o, o • 0, ., ,, ,, ., ... .,,, .. ··•·· 0,000 O, o, .,., o. 0, 0, 0, ., .,. 11 0,000 O, u. . ,., ··•·· ••oo. ., .. o • o. 0, o, 

c .. , .. ~t-. •UC" ' •• ,, 10 0,000 o. o. ··" .. ,,. .,.o. • ••• o, o. 0, o, . , , . IO • ,,o ... ,. SU, ..... • ,,o . .,.,. ,.\. o. o • 0, 0, 
•• , . • 0,000 O, o, 0,000 0, o, .. ,,, o. o, 0, 0, ., ,, • ... , "'· JOI, ••'O ... ,. •Jt1i. .. ,. o, o. O, 0, .. 11 • 0.00ft o. ~. o,~oo O, o, ... , 0, o, O, 0, 
•• .,. • O.OtiA &, O, ... , -,~s. o, ···~ o. o, 0, O, 
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c .. , .... , .. .,., ... • 
100 •I • 0,000 o. o. ,79) o • ••• . '°' 0, o, 0, o, 
IOI ' • 0,0U 0, o. ·'°' • •• 11•. • ••• o. o, 0, o, 
IOI ) • 0,000 0, o. •••• Ill, Zoe, ... , o. o, 0, 0, 
10) 1 ' ... , zoe. zeo, o,noo o. o, ... , o. 0, 0, 0, 
1oa • ' 0,000 0, o, . ... Z40, . ,.,. •••l o, o. o • .. , . 
101 ' ' o,nco 0, o. •••l .,.,. ··•· ... ' o. o. 0, o, 
10 ' • .. ,, ··•· ... 0,000 o • o, ., .. o. o, 0, o, 
107 • ' .11., 0, o, 0,000 o. o, .. ,. o. o. o. 0, 
IOI ' • ••o• ,,,,. , .... ..... fl, .,., .. ,.,, ., .. ,. 0, •lu••• 0, 
to• • • 0,000 o. o, ... , 0, o, •••• 0, •• 0, o, 
110 • • •••• . ,, . ., .. . .. , ••• , .. . .. , o. •• 0, 0, 
I 11 J • •••o "· u. 0.000 o, o, . . ., o. 0, 0, o, 

"' J • o,oon 0, 0, •••• ,o. , .. •• tO 0, o, 0, o, 
Ill ' • 0,000 0, 0, •••• 5, ,o. ... , 0, o. O, o, 
II• •I • 0,00~ 0, 0, •••• 0, , . • ••• 0, o, 0, o, 
c .. ,.,NtL •uc .. • 
"' ) 10 ... , •1l. ., .. . .. , •• , .. ,.tO o, o, 0, o, 
11• ' IO o.oon o. o, o,uo 0, o, ... , o • o. 0, o, 
"' ' II ···~ ••• ... 0,000 o, o, •••• 0, o. 0, 0, 
11• ., ll •••e ... O, 0,000 o, o, , f00 o. 0, 0, 0, 

c .. ,.,Nn eu, .. 10 

11• • • .11., .,,1. ), .u, 0, o, ·"' o, o, o. o, 
110 ., 4 ... , 0, 0, .,11 J, o, .•o• 0, o. o. .,. 
(o,&~Nfl, •u, .. II 

UI ., • .,., ·'"'•· ... ,,, . •••• o, o, •••• lOU•, o. 0, o, 

YOLU"! o, •U!~ '80Yt N91, • •ll0,• "ILl.10"1 o, cu '1 ,, .. , •t•••PO AU•S , .. _u Jo ' ••! llCLUO!Ol 
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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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~v~RJCA~t CARL• CALJ~~ATJ~~ FOA s,QJ~t•CALCASIEU &REA 

PERTvn 0~ "FCn~o- onon S~P 10 TO ~o~o SEP 11, 1Qot 

C•LCULATIO~S ALLC~ F'LA S~P•GPTD SCALE c~•"'"-ELS ,~o ~·"~TEAS 

Tt"'E Sfr11f••cts OF A:.1E .. Lrvn ,11.c FLO• Al<( S&Vfr, roi:i ''"'E F~L1.o-.p,c PLACES• 

G4t.E 

GAC,E z 
G4GE l 

GAGE 41 

GAGE lj 

c,r.E 0 

GAGE 1 

GAG~ II 

GU,£ q 

s•~t'·F: P.r.~~. SCltTk,.fsT JETTY 

~~kT ,~T~u~, CE ,oE, ~FFJCE 
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Nfs, oF 1~,P~CoAS'AL ~,,.EA~,~ 

$Adi lE Pt.5S• COAST t;u&r-'I STATl0"4 

1.A~F C'"'AALES, C&LCASIFU AIVEA 

FLO .. t SA~t~r PASS lNfLOw 

FLO~ l C•LCASJEU P&~S l'FL~~ 
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Series: U.S. Coastal Engineering Research Center. Contract DACW64·74• 
c-001s. 
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