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PREFACE 

This report is published to assist coastal engineers in the computation of design storm surge resulting from the 
combined meteorologic, oceanic, and astronomic effects coincident with the arrival of a hurricane at the coast for usc in 
the planning and design of protective coastal works. The work was carried out under the coastal construction research 
program of the U.S. Army Coastal Engineering Research Center (CERC). 

It was undertaken as a joint effort by CERC with support from the U.S. Atomic Energy Commission (AEC) under 
contract AT(49-1) 3318 to verify a CERC numerical model of hurricane surge prediction with data of historical hurricanes. 

Construction of nuclear powcrplants and supcrports and other large coastal installations have necessitated the 
development of conservative criteria in obtaining estimates of potential storm surges. Prediction of hurricane surge 
elevations is based primarily on the use of analytic and numerical models, since it is difficult to study these events in real 
time or with the use of physical models. The earliest and simplest of the numerical models for hurricane-induced storm 
surge, in which the most essential two-dimensional characteristics of the hurricane and the response of the sea are 
considered, is called the bathystrophic storm surge model. This model has been widely used because of its simplicity and 
relatively modest computer requirements, and is applied to several historical storms in this report to show its strengths and 
weaknesses. A computer program for simulating the hurricane wind and pressure fields from a few parameters, and for 
computing the bathystrophic storm surge is included. A variable astronomical tide may be used. The basic computer 
program was developed by MI. B. R. Bodine of CERC. Changes were made to permit the use of wind data from both actual 
and simulated hurricanes. 

Historical hurricane data for the calibration and verification of the model were developed by cooperative efforts with 
the AEC staff and the consultant firm of Nunn, Snyder and Associates; particularly, the preparation of wind-field data 
reductions for computer use for Hurricanes Carla and Audrey, and suggestions which were incorporated in this version of 
the model. 

This report was prepared by Mr. George Pararas-Carayannis, Oceanographer, Design Branch, under the direct supervision 
of MI. R. A. Jachowski, Chief, Design Branch, Engineering Development Division. MI. H. D. McClung was responsible for 
organizing computer program documentation and making computer program revisions. Mr. J. C. Alquist assisted with 
programming revisions. The report was particularly benefited by comments and suggestions of Messrs. L. G. Hulman, 
E. Hawkins and W. S. Bevins, AEC, and from discussions with Messrs. B. R. Bodine and P. N. Stoa, and Drs. D. L. Harris, 
and B. E. Herchenroder, CERC. 

A more powerful, fully two-dimensional, hurricane storm surge prediction model is used operationally by the National 
Weather Service, NOAA. Two versions of this model, called SPLASH I and SPLASH II, arc available from the National 
Technical Information Service (NTIS), Springfield, Virginia 22151. The computer tape is listed as Number 
COM-75-101-80/AS and the Users Guide as COM-75-101-81/AS. Although the SPLASH models are considerably more 
complex and require more computer facilities than the bathystrophic models, they require fewer assumptions, and are valid 
for a wider range of considerations. They arc undergoing continual development to increase the accuracy of the 
predictions. 

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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Colonel, Corps of Engineers 
Commander and Director 
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VERIFICATION STUDY OF A BATHYSTROPI-IIC STORM SURGE MODEL 

by 

George Pararas-Carayannis 

I. INTRODUCTION 

1. General. 
Hurricanes are severe tropical cyclones with winds spiraling inward toward a center or 

eye of low pressure at speeds which may reach more than 150 miles per hour (130 kriots). 
Although usually erratic and unpredictable, hurricanes generally follow a westerly to 
northwesterly path toward the gulf or Atlantic coasts causing abnormal water level 
fluctuations. These water level fluctuations are called storm surges and are caused by an 
atmospheric pressure field and wind stress on the water surface, accompanying moving 
storm systems. Specific factors which can combine to produce extreme water fluctuations at 
a coast during the passage of a storm include: storm intensity, size, path, and duration over 
water; atmospheric pressure variation; speed of translation; winds and rainfall; bathymetry 
of the offshore region; astronomical tides; initial water level rise; surface waves and 
associated wave setup and runup. 

Hurricane surge is an oceanographic phenomenon and constitutes a greater hazard to 
lives and coastal property than hurricane winds. Hurricane surges have been estimated to 
account for 75 to 90 percent of all deaths resulting from a hurricane. Surge inundation is 
also responsible for extensive damage to coastal property. Since 1900, hurricane damages to 
coastal property have averaged more than $50 million per year (Perdikes, 1967). The storm 
that hit Galveston in 1900 resulted in 6,000 deaths and the almost complete destruction of 
a large part of the city. Hurricane Camille, which struck the Mississippi coast in 1969, killed 
262 persons and caused damages of nearly $1 billion (U.S. Army Engineer District, Mobile, 
1970). 

The development of an improved hurricane warning system has reduced the loss of life 
by recent large storms. Hurricane Carla, which struck the Texas coast in 1961, killed 32 
persons. Hurricane Betsy hit near New Orleans in 1965, and was responsible for 81 deaths. 
However, the damage to property continued to rise because of the continuing development 
of the coastal zone. The damage from Hurricane Carla was more than $400 million (U.S. 
Army Engineer District, Galveston, 1962). Damages from Hurricane Betsy were estimated to 
be $372 million (Perdikes, 1967). 

Increasing pressure for large coastal installations, such as powerplants, and superport 
terminals, and the increasing residential development of the coastal zones, have emphasized 
the need for more accurate estimates of potential storm surge hazards. 
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The yrcdiction of storm surge resulting from the combined meteorologic, oceanic and 
astronomic effects coincident with the arrival of a hurricane at the coast is a very important 
problem, but rather a difficult one to solve. The present capability for the prediction of 
hurricane surge is based primarily on the use of analytic and numerical models, none of 
which have been adequately verified. Furthermore, the interactions between tide and storm 
surge in shallow waters are not well understood. Nonetheless, a consideration of water level 
fluctuation due to the passage of a hurricane is essential for the planning and design of 
coastal engineering works. 
2. Design Storms. 

The Corps of Engineers is interested in knowing the extent and elevation of flooding 
induced by hurricane surges for various reaches along the gulf and Atlantic coasts and in 
developing guidelines for determining engineering design criteria. 

Hurricane wind and pressure field, and surge hydrograph data are not available for most 
of the gulf and Atlantic coasts. Therefore, design analysis for coastal structures requires that 
a uniform and conservative approach be taken based on statistical probabilities of hurricane 
occurrence. Based on this approach, and considering the degree of desired protection, the 
U.S. Army, Corps of Engineers established specific storm characteristics for use in the design 
of coastal structures (Graham and Nunn, 1959; U.S. Weather Bureau, HUR 7-97, 1968). The 
storms that are used for establishing design criteria are termed hypothetical hurricanes, or 
hypohurricanes. . 

Two hypothetical storm terms, dependent on geographical location, have been . 
established for practical application in the analysis of the design of coastal structures. These 
are the standard project hurricane (SPH), and the probable maximum hurricane (PMH). The 
meteorological considerations for these hurricanes are based on central pressure index 
(CPI), peripheral pressure (Pn), radius to maximum winds (R), maximum gradient 
windspced (Umax), maximum windspeed (UR), and speed of translation (V F)· Generally, 
synthetic hurricanes are classified by speed of translation and length of the radius from the 
eye of the hurricane to the region of maximum winds. Specifically, synthetic hurricanes are 
classified as of large, medium, or small radius, each with a high, moderate, or slow speed of 
translation. The choice of which design hurricane to use for a coastal structure depends on 
economics and desired degree of protection. 

Graham and Nunn (1959), from an analysis of historic hurricanes, developed criteria for 
a design storm where the CPI has an occurrence probability of once every 100 years. This is 
the storm termed standard project hurricane (SPH). It is defined as a synthetic hurricane 
intended to represent the most severe combination of hurricane parameters that are 
reasonably characteristic of a specified region, excluding rare combinations. The probability 
of the SPH occurrence would be less than the CPI probability as de_termined by Graham and 
Nunn (1959), because other parameters have also been selected from historical maximum 
values. 
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The maximum· gradient windspecd (Umax) and maximum windspeed (U R) in the zone 
of maximum winds in miles per hour of the SPH can be determined by the following 
equations: 

(1) 

UR = 0.865 Umax + 0.5 VF, (2) 

where K is taken as 73 for the SPH; p11 and p
0 

arc the peripheral and central pressures in 
inches of mercury, respectively; R is the radius of maximum winds in nautical miles; f is 
the Coriolis parameter (bathystrophic effect) in radians per hour; and V F is the forward 
speed in miles per hour. U R is the maximum windspeed 30 feet above the water in miles 
per hour. 

Construction of nuclear powerplants in the coastal zone required the use by the Atomic 
Energy Commission (AEC) (function now assigned to the Nuclear Regulatory Commission) 
of an extreme hurricane termed the probable maximum hurricane (PMH). The PMH was 
selected by AEC to ensure that there would be no likelihood that the safety aspects of 
powerplants would be compromised during severe hurricane surges (including 
wind-generated surface waves). The AEC concluded tluit adequate safety against flooding 
would be provided if the safety-related facilities of powerplants were designed to withstand 
a flood protection level, based on the P.MH surge. In a report by the U.S. Weather Bureau 
(HUR 7-97, 1968), and in the Shore Protection Manual (U.S. Army, Corps of Engineers, 
Coastal Engineering Research Center, 1973) the PMH is defined as "a hypothetical hurricane· 
having that combination of characteristics which will make the most severe storm that is 
reasonably possible in the region involved, if the hurricane should approach the point under 
study along a critical path and at an optimum rate of movement." 

This application of PMH parameters defined in HUR 7-97, is considered proper as such a 
hurricane is associated with conditions reasonably possible. The wind field development for 
the PMH as it relates to radius of maximum winds, windspeed (UR and Umax ), and forward 
speed of the storm, is described in HUR 7-97. One of the differences between the SPH and 
P.MH parameters is that the peripheral pressure, p

11
, for the SPH is taken as a constant value 

of 29.92 inches of mercury while, p
11

, for the PMH varies as a function of latitude. In 
addition, the factor K is taken as a constant for the SPH and is considered a function of 
the latitude for the PMH. The CPI for the PMH was not assigned a particular probability of 
occurrence, but was taken as only an extreme event because of the relatively small amount 
of data available. Storms, other than the SPH, with different CPI probabilities of occurrence 
have been used to obtain hurricanes of various intensities for the design of coastal structures 
based on economics and the desired degree of protection. 
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3. Numerical Models. 
Freeman,. Baer, and jung (1957) introduced a quasi-two-dimensional model by 

approximating the setup due to the alongshore transport of water and the bathystrophic 
flow, in addition to the setup normal to a coast. 

The Bathystrophic Storm Tide Theory, developed by Freeman, Baer, and jung, has been 
used by some investigators in predicting storm surge elevations. Bretschneider and Collins 
(1963) used the theory to predict the open-coast hurricane surge at Corpus Christi, Texas 
and vicinity. Marinos and Woodward (1968) modified the model used by Bretschneider and 

Collins to compute surge elevations for several locations along the Texas coast. 
A quasi-two-dimensional mathematical model developed by Bodine (1971) has been used 

by the Coastal Engineering Research Center (CERC) to determine storm surge design water 
level elevations for coastal structures. This model is also based on theoretical 

approximations of the governing hydrodynamic equations, proposed by Freeman, Baer and 
jung (1957); it calculates storm surge based on parameters of both actual and synthetic 

hurricanes. This numerical model was used in the verification study presented in this report. 
4. Objective Scope and Significance of Present Investigation. 

In CERC's bathystrophic storm surge. model the basic equations describe in simplified 
form the water motions associated with nearly horizontal flows, as those of the hurricane 
surge, and provide a reasonable estimate of the surge. The mathematics, geometry and basic 
assumptions of the numerical method, have been presented by Bodine (1971) and are 
summarized later in this report. Because of the simplicity of this numerical model and the 

number of assumptions on which it is based, further verification was neccessary. The 
objective of the present investigation was to verify the model by comparing computed storm 
surge levels with those observed or recorded along the open coasts during the passage of 
actual storms. 

Review of available hurricane data revealed that few significant hurricanes of record were 

sufficiently documented to provide a valid basis for analysis and verification. The following 

hurricanes and traverse lines (computational lines) along both the gulf and the Atlantic 

coasts were selected for verification: (a) Hurricane of .3 October 1949: Traverses at 

Galveston and Freeport, Texas, (b) Hurricane Carla, 1961: Traversc.s at Galveston and 

Freeport, Texas; (e) Hurricane Audrey, 1957: Traverse at Eugene Island, Louisiana; (d) 
Hurricane Camille, 1969: Traverse at Biloxi, Mississippi; and (e) Hurricane Carol, 1954: 
Traverse at Narragansett Pier, Rhode Island. 

Wind stress and bottom friction coefficients are significant in the numerical model and 
affect the computation of surge. Of these two coefficients, wind stress has the more 
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pronounced effect on surge elevation, and according to Van Dorn (1953), appears to vary 
with the windspeed. Initial rise and astronomical tide can also have a pronounced effect on 
final surge elevation. Proper determination of these parameters from tide gage recordings is 
necessary. No calibration of these parameters can be made. Therefore, the goal of the 
present investigation was limited in ascertaining which coefficients of wind stress and 
bottom friction when used in conjunction with the bathystrophic model of hurricane surge 
prediction, initial rise and astronomical tide, would yield surge levels comparable to those of 
historic hurricanes. 

5. Data Limitations. 
In engineering design, the normal practice is to use a hypothetical hurricane as the design 

storm to predict storm surge levels for various coastal locations. Such predictions are usually 
determined by mathematical models, because of the difficulty in simulating the complex 
surge generating processes with physical hydraulic models. In a physical model, it is difficult 
if not impossible, to duplicate the complex wind pattern of a hurricane, or the Coriolis 
effects. However, reasonable estimates of water level fluctuations at a coast due to 
hurricanes can be obtained in a numerical model by taking into account the physical laws 
governing the interactions between wind, water, land, and differences in atmospheric 
pressures. However, comparison and verification of the model are not simple due to the lack 
of sufficient historic hurricane wind field and surge hydrographic data. Only limited historic 
information is available for the gulf and Atlantic coasts. 

a. Hurricane Data. Sufficient hurricane wind data is a prerequisite for reliable storm 
surge calculations. However, wind information on weather charts of most historic hurricanes 
is sporadic and is given for infrequent time intervals; therefore, the data cannot always 
permit the reduction of the wind field along a computational line (traverse). 

b. Hydrographic Data. Reliable tide gage recordings of the hurricane surge are 
important in the verification of a numerical model. Most tide gages are located in sheltered 
areas and do not record nor represent the peak storm surge at the open coast. The few tide 
stations located on the open coast are widely separated and often are not near paths of 
hurricanes. Therefore, most tide gage data used in the calculations of surge on the open 
coast were from tide gages located some distance away. To avoid errors, corrections must be 
applied to account for phase differences in astronomical tides between the tide gage station 
and the point on the open coast where surge is computed. Similarly, corrections should be 
applied to the recorded hydrographs because of differences in the water level datum of tide 
gages, e.g., some of the recorded or observed surge data associated with hurricanes are 
reported in the literature relative to mean sea level (MSL). Other tide gage data are given 
relative to mean low water (ML W). 

When tide gage records are not available, peak storm surge elevations on the open coast 
are often obtained visually from debris marks, which generally include wave-induced setup 
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and runup. Then, it is impossible to determine accurately how much of the water level 
elevation is' from surge and how much is from wave action. The observed levels in these cases 
are higher than those of the surge alone. 

c. Initial Water Levels. Water levels along the coast have been observed for long periods 
of time before the arrival of a hurricane, and are different than the predicted astronomical 
tide. This difference in water level between observed and predicted tide appears to be 
independent of the storm or the astronomical forces, and is referred to as the initial water 
level. Harris (1963) has shown thal such water level· deviations can be as much as 2 feet 
above mean water level (ML W) preceding the approach of a hurricane. Others have 
attributed this initial rise to a "forerunner" of the storm, while Harris maintains that it is 
due to short-period anomalies in the mean sea level not related to the hurricane, and that 
predicted astronomical tides do not take this phenomenon into account. In some instances 
this initial rise is believed to be a significant factor in the total water level observed on the 
coast during the passage of storm systems and therefore cannot be ignored. This additional 
component is particularly important when determining the total water level for a synthetic 
hurricane as the PMH. 

The initial water rise used as input to the numerical calculation of storm surge is usually 
the average difference between predicted astronomical and observed tides at a tide gage 
station at or closest to the shore· intercept (open coast) of the trave~se prior to the 
influencing effects of hurricane winds and pressures. In the numerical calculations, this value 
is treated as a constant and is added to the total water level. This may be an 
over-simplification, since the cause for such rise or its exact magnitude during the passage of 
the storm is unknown. Whatever the cause, however, the initial water level should be 
considered when evaluating the open-coast storm surge. This value is determined before the 
hurricane reaches the edge of the Continental Shelf or at a time when winds on the shore are 
less than 15 miles per hour. No available definition exists for identifying or measuring a 
value of initial rise for historic hurricanes. Because of the significance of the assumption of 
initial rise in hurricane verification, specific definition of initial rise for usc in hurricane 
verification studies may be appropriate. Therefore, for the purpose of calibration, initial rise 
can be defined as "the average water level variation above the predicted astronomical tide at 
a station during the 2 days preceding the occurrence of a 15- to 20-mile per hour isovel of a 
hurricane advancing across the Continental Shelf." 

Although there are numerous assumptions and data limitations, verification of the 
numerical computation of storm surge is possible with the data of a few recent hurricanes. 
In this study, the data were taken from a few well documented hurricanes. An important 
aspect of any future verification study will be the increased accuracy of basic data, the 
collection of additional historical data on storm surge wave action along coastlines, and data 
on the extent of coastal flooding. 
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II. THE BATHYSTROPHIC STORM SURGE MODEL 

The numerical model described here is based on the Bathystrophic Storm Tide Theory 
and is used to estimate the rise of water on the open coast taking into account the combined 
effects of direct onshore and alongshore wind-stress components on the surface of the 
water, and the effects of the Coriolis force (bathystrophic effect), and the different pressure 
effects. This model can be described as a quasi-one-dimensional numerical scheme, which is a 
steady-state integration of the wind stresses of the hurricane winds on the surface of the 
water from the edge of the Continental Shelf to the shore, taking in~o consideration some of 
the effects of bottom friction and the alongshore flow caused by the earth's rotation. The 
bathystrophic contribution to hurricane surge can be explained as follows: In the northern 
hemisphere hurricane winds approaching the coast have a counterclockwise motion. Because 
of the Coriolis effect, the flow of water induced by the cyclonic winds will deflect to the 
right, causing a rise in the water level. The bathystrophic storm tide, therefore, is important 
in producing maximum surge even when winds blow parallel to the coast. Coastal 
morphology may also affect the extent of rise of water. However, in this model the surge is 
calculated only along a single traverse line at a time over the Continental Shelf for a straight 
open-ocean coast. 

The model uses the onshore and alongshore wind-stress components of a moving wind 
field over the Continental Shelf, and a frictional component of bottom stress. The nonlinear 
storm surge is computed at selected points along the traverse by integrating numerically the 
one-dimensional hydrodynamic equations of motion and continuity. 

The computed surge is a composite of water elevation obtained from components of the 
astronomical tide, the atmospheric pressure, the initial rise, the rises due to wind and 
bottom friction stresses, and wave setup. 
1. Basic Assumptions, Conditions, and Limitations. 

The bathystrophic theory on which this model is based, represents an approximation to 
the complete storm-generation process. Therefore, the model is limited by a number of 
initial conditions and assumptions. In most instances, the bathystrophic approximation 
appears to give a reasonable estimate of the open-coast surge; however, at times the surge 
estimate could be in error by a factor of 2 or more. The basic equations which govern the 
generation of storm surge will not be derived here, but to understand the bathystrophic 
approximation and its limitations, it is important to emphasize the assumptions, initial 
conditions, and the hydrodynamic processes neglected in development. 

The following initial conditions are placed on the basic equations which govern storm 
surge generation (Bodine, 1971): 

a. The hurricane creates a disturbance on the ocean surface of such horizontal 
dimensions so that L >> D and L << RE, where L is the length of the disturbance; D is 
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the depth of the water (at the edge of the Continental Shelf), and RE is the radius of the 
earth. It is also assumed that: 

(1) The space derivatives of the current velocity and acceleration can be neglected. 
Thus, the vertical pressure gradient is hydrostatic, and vertical accelerations are negligible. 

(2) The curvature of the earth can be neglected and a flat earth approximation can be 
used. 

b. The acceleration due to the earth's rotation is a constant. 
c. Water density p is a constant, and internal forGes due to viscosity can be neglected. 
d. The seabed is fixed, impermeable, and forms the lower boundary. 
e. Surface storm waves are linearly superimposed on storm surge. A basic assumption of 

the model is that the surge involves only horizontal fluid motions. In respect to wave 
theory, such horizontal fluid motions are often referred to as long waves. The water motion 
associated with the propagation of long waves is in a continuous state ofgradual change. 
2. Hydrodynamic Equations. 

Integrations of the primary hydrodynamic equations describing the storm surge problem 
have been shown by Haurwitz (1951), Welander (1961), Fortak (1962), Platzman (1963), 
Reid (1964 ), and Harris (1967). These derivations show the actual approximations involved. 
In the bathystrophic model by Bodine (1971 ), the basic equations are the simplified and 
vertically integrated equations of continuity expressing conservation of mass and motion, 
according to Newton's second law. The equations were taken directly from Bodine in 
integrated form for the purpose of illustrating the principal approximations of the 
bathystrophic model. 

The governing two-dimensional hydrodynamic equations in a volume-transport form, 
appropriate for tropical or extratropical storm surge problems on the open coast and in 
enclosed or semienclosed basins, are as follows: 

aU aMxx aMxy aS a~ at Tsx Tbx + + - = + fV - gD- + gD- + gD - + - - + W P (3) 
at ax ay ax ax ax p p X 

as + 
au 
ax + av 

= p. 
ay 

~ ~~..,_J 

en ...... -0 ...... 
"" 0 u 

as 
= -fU- gD- + 

ay 

....---. 
a~ ar Tsy 

gD- + gD- + 
ay ay P 
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where Mxx' .MYY' Mxy' U, and V are given by: 

where, 

and 

s 
U = J udz; 

-d 

s 
V = J vdz. 

-d 

s 
Mxy- J uvdz, 

-d 

U, V = x and y components, respectively, of volume transport 
per unit width, 

t = time, 

Mx~!, Myy, Mxy = momentum transport quantities, 

f = 2w sin ¢ = Corio lis parameter, 

w = angular velocity of earth = 27T/24 radians per hour 
(7.29 X 105 radians per second), 

¢ = geographicallatitude, 

Tsx' Tsy = X andy components of surface wind stress, 

rbx• rby = x and y components of bottom stress, 

p = mass density of water, 

Wx, WY = x andy components of windspecd, 

~ = atmospheric pressure deficit in head of water, 

~ = astronomical tide potential in head of water, 

u, v = x andy components, respectively, of current velocity, 

p = precipitation rate (depth/time), 

S = setup of water surface above SWL, 

g = gravitational acceleration, 

D = depth of water at edge of Continental Shelf, 

d = depth of water on the Continental Shelf, 

0 = angle of wind measured counterclockwise from the x-axis. 
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Equations (3) and (4) are the equations of motion, while equation (5) is the continuity 
relation for· a fluid of constant density. These basic equations provide a complete 
description of nearly all horizontal water motions resulting from hurricane surge. An exact 
solution of these equations would be very desirable for solving the surge problem; however, 
it is difficult to obtain. The model described here obtains only a useful approximation by 
ignoring some terms in the basic equations. Accurate solutions can only be acquired by 
retaining the full two-dimensional characteristics of the surge problem. 
3. The Bathystrophic Model Approximation. 

Application of the Bathystrophic Storm Tide Theory of Freeman, Baer, and Jung (1957) 

to the hydrodynamic equations of motion and continuity for the solution of the surge 

problem requires a number of assumptions. According to Bodine (1971) these assumptions 

imply that: (a) there is no volume transport normal to the shore, (b) the onshore wind setup 

responds instantaneously to the onshore wind stress, (c) advection of momentum (field 

acceleration) is negligible, (d)"~the alongshore sea surface height is uniform, and (e) 
precipitation can be neglected. When applied to the terms of the equations of motion and 

continuity (1), (2), and (3), according to Bodine these assumptions have the following 

physical significance: 

1V au 7 bx 
a
-t , fU, + 0, (no onshore water volume transport), 

ax' p 

Mxx• MYY' Mxy + 0, (the advection of momentum can be neglected), 

as av 
+ 0, (the alongshore sea surface and current are uniform), 

ay' ay 

a~ 

ax' 

P + 0, (the precipitation can be neglected), 

a~ + (The barometric effects are neglected in this approxi-
ay . 

mation, but are accounted for elsewhere. These 
effects are discussed later.) 

ar ar + (The astronomical tide effects are neglected in this 
ax' ay approximation but are accounted for in the final 

estimate of the surge on the coast. These effects 
are discussP-d later.) 
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Based on these assumptions, the motion equations (3) and (4), reduce to the following 
approximations: 

. as 
fV + 

7sx 
gD-ax p 

(6) 

av Tsy- Tby 
= at p 

(7) 

The mass-continuity equation (5) is disregarded in the bathystrophic approximation 
because the assumptions make it unnecessary for a unique solution, and of no interest, for 
each term has been set equal to zero. The reduced equations (6) and (7) are now 
quasi-two-dimensional, since their solution can be obtained only along a single axis, the 
x-axis; however, the y-axis bathystrophic component of transport is retained and can be 
accounted for. The forces and responses for the bathystrophic approximation are shown in 
Figure 1. The weakness of the bathystrophic surge model lies on the numerous 
approximations otttlined here. A reduction in the number of these approximations and the 
solution of the hydrodynamic equations in a more complete form may result in better 
estimates of storm surges. 
4. Wind and Bottom Frictional Stresses. 

Equations (6) and (7) include the x- and y-components of wind stress on the surface of 
the water, Tsx and Tsy, and the y component of bottom·· stress due to the water 
motion, Tb Y. These are frictional stresses which need to be quantified for the solution of 
the surge problem. Formulas derived from theoretical solutions and physical experiments 
have been introduced which provide reasonable values of frictional forces at the bottom and 
water surface boundaries. However, these stress values have not been verified for the entire 
spectrum of conditions encountered in nature. Furthermore, the surface wind stresses and 
the bottom stresses must be "coupled" for the numerical computation of hurricane surge 
described in this report. Although surface and bottom stresses can be obtained individually 
from empirical experiments, the combined interaction of these stress factors does not obey 
a linear relationship. Friction models which take into account the interaction of surface 
wind and bottom friction stresses have been proposed by Reid (1957), Platzman (1963), 
and Jelesnianski (1967, 1970). These proposals, however, fail to describe the interactions of 
stresses in shallow water near the shore. Similarly, extrapolation of the surface wind stress 
relationship, as determined from lower windspeeds, to extreme wind conditions may not be 
realistic, as there may be interaction of other unknown or unmeasurable variables. 
Nonetheless, reasonable estimates of boundary stresses can be obtained if simplified stress 
laws are used, and the influence of vertical velocity distribution is neglected. Assuming 
horizontally uniform flows of wind and w~ter at the water surface and seabed boundaries, 
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Figure l. Schematic of forces and responses for bathystrophic approximation (U.S. Army, Corps of Engineers, 
Coastal Engineering Research Center, 1973). 



respectively, similar formulas can be adopted for representing the Wind and bottom friction 
stresses. Considering these flows, the mean shear stress at the boundary, T relates to the 
mean velocity gradient v as follows: 

T = 'YPV2' 

where p is the water density, and 'Y is a dimensionless resistance coefficient. To retain the 
proper sign consistent with the coordinate system used, the above equation can be written 
as follows: 

r = 'YPvlvl • (8) 

Accordingly, the shear stress at the bottom (rby) divided by water density, consistent with 
the stress term required for equation (7), is: 

Tby - = Kvlvl, 
p 

(9) 

where the bed friction coefficient K, and the y-component of the water velocity, v, 
replace "'( and v respectively, in equation (8). The bed friction coefficient K, as presented 
here, is dimensionless in accordance to the Prandtl-von Karman Boundary-Layer Theory 
(Prandtl, 1935; von Karman, 1930). In the bathystrophic model used in this study (Bodine, 
1971), the Prandtl-von Karman Boundary-Layer Theory was chosen because of the 
simplicity in computation. In transport form, equation (9) is given by Bodine as: 

7 by KVIVI 
- = --2 - (bottom shear stress). 
P D (10) 

For typical seabed conditions, the bottom friction coefficient K has been assigned values 
ranging from 2 X 10-3 and 5 X 10- 3 • K is related to the coefficient of Chezy C and the 
Darey-Weisbach friction factor ff as follows: 

The wind-induced water surface stress, in accordance with equation (8), is given by: 

T5 = pkW2 = pkWIWI, (ll) 

where W is the wind velocity as given at standard anemometer level (30 feet above the 
wave surface, based on 10-minute averages), and k is a dimensionless surface friction 
coefficient. The square of the wind velocity is given as an absolute term WIWI rather 
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than W2 to retain the proper .sign consistent With the coordinate system used. According to 
a relationship worked out by Van Dorn (1953), the wind-stress coefficient is a function of 
the windspced given by: 

k ~ K, + K, (1-;) lor W :> W,, (12) 

where the constants K1 and K2 were derived empirically by VanDorn to be 1.1 X I0-6 

and 2.5 X I0-6 respectively, and We is a critical windspeed taken as 14 knots (about 16 
miles per hour). When W .::;; We, equation (12), reduces to: 

(13) 

On the basis of equation (II), the x- and y-components of wind shear stress can be written 
as: 

p 

T 

.!:[ = kW2 sin 0, 
p 

(wind shear stress) 

where 0 is the angle between the x-axis and the local wind vector. 

(14) 

Equations (II) through (14) can now be introduced into the reduced equations of 
motion of the bathystrophic approximation; equations (6) and (7), can now be written as 
follows: 

as _!_ [fv + kW2 cos e], = ax gD 
(15) 

av 
kW2 sin 0 -

KV2 
= D2 at 

(16) 

These equatiorls are simplified forms of the hydrodynamic equations which are applied to 
the estimation of storm surge. The solution of these equations by numerical integration is 
given later in this report. 
5. Numerical Solution of the Surge Problem. 

A discussion of the numerical scheme for computing bathystrophic storm surge is given 
by Bodine (1971). The basic concepts are detailed here to show the geometry of the 
finite-difference numerical method and solution of the numerical equations of setup and 
flux. 

Equations (15) and (16) giving setup and flux, respectively, can be solved in finite 
increments of time and space, assuming the functional relationships of the bathystrophic 
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equations as continuous over the entire computing interval. The two-dimensional finite step 
method of the numerical scheme is illustrated in Figures 2 and 3 for discrete increments of 
space, (6x)i and time (6t)n along a single Cartesian axis, the computational plane 
represented by the traverse. For convenience, the seabed slope AB is shown to be uniform 
(Fig. 3). Point C represents position of the edge of the Continental Shelf or the most 
seaward point along the traverse, above point A. The line CB represents the equilibrium 
condition of the sea surface before being affected by the approaching hurricane winds. The 
line CD represents the sea surface altered by the cumulative effects of the winds, 
astronomical tide, initial rise, pressure differences and storm waves. A detailed explanation 
of the variables contributing to storm surge on the shore is discussed later. The cumulative 
water elevation (S) associated with the hurricane is DB, while point B represents the shore 
intercept of the traverse. 

For convenience, a boundary condition is placed on the model at point B where the 
shoreline is represented by a vertical wall and surge is calculated at a one-half step increment 
in front of this wall. The model treats the final water elevation as a static condition, and the 
shoreline as a vertical impermeable boundary. However, in reality, the shore is a sloping 
surface and dynamic processes and momentum forces associated with water transport and 
storm waves may result in greater surge elevation along the coast. 

An initial assumption of the numerical system is that, at the beginning of the calculation, 
when t = t

0
, the system is in an equilibrium state, with a uniform water surface, and no 

currents. This implies that the water flux, V, is zero at t = t0 and that S has a constant 
value for the system. Although in reality the system does not exist in a state of complete 
equilibrium, it is a reasonable assumption for the calculation. Later, this assumption is of 
little consequence, since the response of the system reflects only the effects of the 
input-forcing functions. 

The discrete position x along the traverse line at any time level, t, is defined as: 

IM 
x = x - L (6x)i , 

0 i=l 
(17) 

and the time level t is given by: 

NM 
t = t0 + L (b.t)n , 

n=l 
(18) 

where x
0 

as shown in Figure 3, is the distance from the shore intercept of the traverse to 
the most seaward point of the traverse. The summation of b.x is for all i intervals up to 
and including IM, so that at the shore x = x0 • Although x, according to the coordinate 
system shown here, would be negative, changing the sign of x to a positive value does not 
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Figure 2. The response of sea level S1 6x 6y due to a step function in the wind stress Tsx 

acting over a unit area 6x by. 
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change the computational meth<?d. The time scale at the beginning of the calculation at the 
seaward point of the computational line is t

0 
and the time level is the summation 

of /::,.t for all n 's up to, and including a specified value n = NM. 
From the chosen geometry of the present numerical scheme, the values of wind 

stress rs, seabed depths below the undisturbed level d, and the Coriolis effects are 
supplied at all discrete positions of i. The setup S, the total water depth at each 
increment, and the value of volume transport V, are evaluated at intervals, i + Y:l. 

The total water depth (n~+~) midway between two time levels n and n + 1 is 
l + 72 

centered between the points xi and xi+ 1 , and the cm:nulative water depth is given by: 

where 

se initial rise in the water level at the time the storm 
surge computations are started, 

SA = setup due to astronomical tide, 

St::,.p = atmospheric pressure setup in feet, given by: 

S 14 ( ) (1 _ e-R/r), /::,.p = l. Pn- Po 

which is an approximate relationship when pressure is expressed in inches of mercury and 
where Pn is the pressure at the periphery of the storm, and r is the radial distance from 
the storm center to the computation point on the traverse line and sx and sy are the 
components of the storm setup given by: 

sx = ~ (~::,.sx)j' j=l (20) 

sY = L (~::,.sY)i· j=l 
(21) 

The physical significance of equations (20) and 21) is that total wind setup for any 
discrete position along the traverse is the setup in that reach superimposed cumulatively on 
the setups in all reaches seaward. 
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For a new time level, n + l, the total water depth is given by: 

(22) 

From Figure 3 and equations (19) and (22) it is apparent that a small error is introduced 
each time D is calculated because the term (Sx + Sy) is taken at the previous time level 
rather than at Lime (n + 11:!) for equation (19) and (n + l) for equation (22). The reason 
is that the correct values are not known for these time intervals; therefore, an 
approximation is made. This error, however, is minimized by using small.increments of time 
and space in the calculations. 

The differential hydrodynamic equations (15) and (16) can now be solved by numerical 
integration. Equation (15) gives the cumulative setup resulting from onshore and alongshore 
effects. The onshore, wind-induced component, according to Bodine (1971) can be 
separated from the alongshore bathystrophic component and equation (15) can be written 
in its equivalent forms as follows: 

asx kW2 cos 8 
= 

ax gD 

asY 
= 

fV 
ax gD 

where the total setup along the x·axis is the sum of the two, given by 

as 
ax 

= 

(23) 

(24) 

Numerical integration of equations (23) and (24) will give the following numerical 
analogs (Bodine, 1971): 

( ) 
n+ 1 

6Sx i+% = 
6x 

n+1 
2gDi+% 

6x 
n + 1 

2gDi+~ 

where A is a Kinematic form of wind stress given by: 

A = k W2 cos 8 • 
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Similarly, the alongshore d,ifferential equation (16) of water flux can be resolved by 
numerical integration as: 

or 

However, 

n+ 1 n av ,...., vi+Y2 - vi+Y2 

at Llt 
(27) 

The first term of equation (16), kW2 sine can be made equal to B, which is also a 
Kinematic form of the wind stress, so that, 

The second term of equation (16) can be approximated as follows: 

-2 ,...., 11 +.1 I n I ( -2) n + Y2 KVIVID - KVi+~ Vi+'a D i+'/2 • (29) 

Substituting equations (27), (28), and (29) into equation (16), yields: 

n+1 n 
vi-i-~ - vi+Y2 

llt 

n + 1 I n I ( -2) n + Y2 - KVi+~ Vi+'/2 D i+Y2 • (30) 

Multiplying equation (30) by llt and transposing the term V~+'a yields: 

v7:d = : [(Bi + ni+l )n + (ni + ni+lr+
1
] llt 

(31) 
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transposing the term 

yields: 

n+l Factoring out the term Vi+% and dividing equation (32) by the term 

becomes: 

K I n I ( -2) n +lit 1 + Vi+ II.! D i + 11.!- b.t , 

Vn+l 
i+% 

which is the numerical analog of equation (16). 

(33) 

In the numerical analogs of the bathystrophic equations, nonuniform spacing b.x and 
time, b.t, steps can be taken. This permits coarse spacing, b.x, where the seabed is 
relatively flat, and fine spacing near the shore where the bed slope changes rapidly. 
Similarly, nonuniform time steps, b.t, permit more frequent storm-surge computations 
during thc.period when rapid water level changes are anticipated. 

Based on this numerical scheme and logic, calculations of surge are started at the seaward 
boundary to the shore-intercept through all prescribed spatial positions on the traverse at 
the initial time level. The process is repeated for each prescribed time level, and continued 
for the entire temporal range. For each discrete position along the traverse line, the 
flux V, at each new time level, is evaluated based on the flux V at the previous time level. 
Similarly the stress term B, and depth D, are evaluated as the average values in the 
incremental domain of (x + b.x) and (t + b.t). Determination of V at each new time 
level can be made with equation (33), then using this value, determination of the x- and 
y-eomponents of setup, b.Sx and b.SY, can be made with equation (25) and (26), to 
obtain the total setups sx and sy. 

As mentioned earlier, the total water level rise on the shore will be the summation of a 
number of components from the meteorological storm plus those unrelated to the storm. 
The total setup is given by: 

(34) 
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Definitions of most components have been given. Some other components are related to the 
storm but some unrelated terms are provided as input to the surge computation. In equation 
(34), Sw is the wave setup at the shore due to breaking waves given (U.S. Army, Corps of 
Engineers, Coastal Engineering Research Center, 1973): 

[ (
II )Y2] Sw = 0.19 1 - 2.82 g;2 (35) 

where Hb is the height of the breaking wave, g is the gravitational acceleration, and T is 
the wave period. The local setup or setdown SL, is the deviation of the water surface from 
the computed water level due to such local effects as inland runoff inside the coastal barrier 
or the coastal hydrography. This component can only be estimated from full consideration 
of the influences of topography and hydrography not considered in the numerical 
computations. A schematic representation of the different setup components contributing 
to storm surge on the shore is shown in Figure 4. 

Calculation of volume transport V, is based on repeated computations using the same 
formula, and can result in round-off errors, as each computed value will influence the values 
which remain to be determined. To ensure that the value of V does not exceed the 
maximum possible value, Bodine (1971) derived the following relationship. In an 
incremental form, equation (16) can be written as: 

6V = kW2 sin 0 6t - KV2 D-2 6t, 

or 

For small 

2 -2 2 6V,KVD ~kW sinO. 

Thus, they-component of volume transport becomes 

At the new time level, the above equation can be written in its numerical analog form, as: 

l(ni + Bi+l r+JI (n 2
) 7:~ 

2K 
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According to this equation the absolute value of the flux must never exceed the term on 

the right-hand side. This relation is used as a check, and if this value is exceeded, the flux at 

the new time· level, as an estimate, can be set equal to the value given by the right-hand side 

of equation (36). The integrated e<1uations (25), (26), (33) and (36) can be used for the 

numerical solution of the surge problem. However, because of the inconsistency of units in 

the different terms used in these equations, it is desirable to absorb the invariant coefficients 

of these terms and substitute with constants. Such substitution reduces the possibility of 

errors and the equations are easier to usc in the program. For example, weather charts 

usually present the wind data in knots. Distances taken from hydrographic maps are given tn 

nautical miles, and depths in fathoms or feet. To eliminate conversion of units, Table 1 gives 

the dimensions of the variables used in dw numerical scheme in four svstems of units and 
" 

the corresponding value of the constants for each system. The first column of units is given 

in the metric system while the other three are given in mixed units of the English system. 

Table 1. Systems of Units for Storm Surge Computations 

Units and Constant Values 
Parameters 

Metric Mixed English 

!J.x km nm nm mi 

!J.S X ' !J.S y m ft ft ft 

g m/sec2 ft/scc2 ft/scc2 ft/scc2 

D m ft ft ft 

A,B (km/hr)2 (nm/hr)2 (mi/hr)2 (mi/hr)2 

v km2 /hr nm2 /hr mi2 /hr mi2 /hr 

f hr- 1 lu- 1 hr- 1 hr- 1 

!J.t hr hr hr hr 

c, 3.94 269 203 176 

c2 2.06 141 106 92 

c3 (1,000)2 (6,030)2 (5,230)2 (5,230)2 

(U.S. Army, Corps of Engineers, Coastal Engineering Research Center, 1973). 
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Equations (25), (26), (33), and (36) can now be given m a more simplified 
computational form, as follows: 

( ) n + 1 !J.Sx i + 1,1 = 

( ) n + 1 !J.Sy i + !1! 

Vn+1 
i + !1! 

= 

cl !J.x 
( Ai + Ai +I r + 1 ' n+1 

Di+l,1 

c2 !J.x 
[ ( sin ¢) i + (sin ¢) i + 1 J n + 1 

vi+!1! n+1 
Di+!1! 

(:)[(ni+Bi+I)n + (Bi+Bi+I)n+1] (!1t) + V7+!1! 

1 + C3 jV7+%jtJ.t K(n-2 )~/J2 

I( ) n + 1 I ( 2) n + 1 Bi + Bi+1 D i+% 
2C3 K 

(37) 

(38) 

(39) 

(40) 

The values of the dimensional constants C1 , C2 , and C3 in equations (37), (38), (39), and 
(40) will depend on the system of units used in performing the computations. In the present 
model, the English system of units is used, so C1 = 203, C2 = 106, and C3 = (5280)2 • 

III. HURRICANE AND HYDROGRAPHIC DATA 
Verification of the bathystrophic model consisted of modeling surge response to the 

Continental Shelf at six locations for five historical hurricanes. Historical hurricanes and 
traverses used were: (a) Hurricane of 1949 at Galveston and Freeport, Texas; (b) Hurricane 
Carla at Galveston and Freeport, Texas; (c) Hurricane Audrey at Eugene Island, Louisiana; 
(d) Hurricane Camille at Biloxi, Mississippi; and (e) Hurricane Carol at Narragansett Pier, 
Rhode Island. The data describing these hurricanes, the resulting surges, and the traverses 
used in the verification, arc presented in this section. 
1. Hurricane of 3 October 1949. 

a. Hurricane Data. This hurricane formed in the Bay of Campeche, Mexico, from a 
tropical depression which was observed 2 or 3 days before l October, over Yucatan, 
Honduras, and Guatemala. During the night of 30 September and 1 October, the center of 
the depression moved into the Gulf of Mexico ncar Carmen, Mexico and increased to 
hurricane intensity by 1045 hours Central Standard Time (CST), 2 October. The hurricane 
moved from Yucatan almost directly northward across the gulf and its center crossed the 
Texas coast 22 miles southwest of Freeport during the nights of 3 and 4 October. The storm 
passed Houston during the early morning of 4 October. Winds were estimated at 135 miles 
per hour, 5 miles west of Freeport (Zoch, 1949). The storm's center moved across 
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southeastern Texas, northwestern Louisiana, eastern Arkansas, southeastern Missouri, · 
western Illinois, southeastern Wisconsin, and northern lower Michigan. The intense winds 
and rainfall ass9ciated with this storm caused heavy damage to crops and property in Texas, 
Louisiana and Arkansas (Seamon, 1949). 

Surface wind fields and pressure fields for this hurricane were obtained from the U.S. 
Weather Bureau (HUR 7-37, 1957). The report provides hourly wind fields from 1800 hours 
CST, 3 October to 0500 hours CST, 4 October 1949 (Fig. 5). Physical parameters generally 
describing the hurricanes are given in Table 2. 

Table 2. Hurricane Parameters. 

Parameter Hurricane of 1949 Carla Camille Audrey Carol 

Central pressure 28.45 27.64 26.73 27.95 28.69 
(inches of mercury) 

Peripheral pressure 29.95 29.92 29.92 29.70 29.92 
(inches of mercury) 

Radius to maximum wind 15.0 46.0 14.0 19.0 25.0 
(nautical miles) 

Translation speed1 11.0 3.0 13.0 13.0 33.3 
(knots) 

Maximum gradient wind 88.0 100.0 125.0 95.0 95.0 
(miles per hour) 

l. Average value 

b. Hydrographic Data. The Hurricane of 3 October 1949 generated the following surges 
along the Texas coast: ll feel at Velasco, 8 feet at Matagorda, 9 feet at Anahuac, and 11.4 
feet at Harrisburg in the Houston Ship Channel (Zoch, 1949) (Figs. 6 and 7). 

Hydrographs of surges associated with this hurricane, and used in this study, were 
recorded by the Brazos River and Galveston tide gages. The Brazos River station is located 

1.2 nautical miles inland from the Gulf of Mexico, ncar Freeport where the Brazos River 
and the Intracoastal Waterway intersect. The Galveston gage used is located at Pier 21, 
Galveston Channel. 

The method of hydrographic data reduction used for this study is given in Section IV. 
2. Hurricane Carla. 

a. Hurricane Data. Hurricane Carla has been described as one of the largest, most 
intense, and destructive hurricanes ever to strike the gulf coast. This hurricane evolved from 
a weak perturbation in the Intertropical Convergence Zone in the eastern Caribbean and was 
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Figure 5. Hurricane of 3-4 October 1949. Synoptic charts (Harris, 1963). 
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observed as early as l September .1961. By 0600 hours Central Standard Time (CST), 
3 September, this disturbance intensified and developed a closed circulation. By 0600 hours 
CST, 4 Scptcri1ber, the circulation increased to depression intensity with winds ranging from 
32 to 38 miles per ·hour. By 1900 hours CST, of the same day, Carla was identified as a 
storm and an advisory was issued by the Miami Hurricane Center. 

During the next several days, Carla continued to intensify gradually reaching hurricane 
force on the morning of the 6th. By the afternoon of the 11th, Carla's center moved inland 
over the Port O'Connor-Port Lavaca area on the central Texas coast. Hurricane force winds 
were reported from Corpus Christi to Galveston and hurricane 'gusts were felt alorig almost 
the entire length of the Texas coast. Maximum gusts of 175 miles per hour were estimated 
at Port Lavaca, Texas. A gust of 153 miles per hour was observed on the anemometer of the 
Bauer Dredging Company before the instrument failed. The lowest reported pressure at Port 
Lavaca was 27.61 inches of mercury (935 millibars) and it remained at that value from 1545 
to 1735 hours CST (Dunn, 1962). 

Surface wind fields and pressure fields for Hurricane Carla were obtained from the U.S. 
Weather Bureau (HUR 7-76A, 1964). In the report, wind and pressure fields were given at 
6-hour intervals from 1200 hours Greenwich Mean Time (GMT), 9 September, through 
1200 hours GMT, 10 September, and 3-hour intervals thereafter to 1500 hours GMT, 12 
September. Synoptic weather charts of this storm are shown in Figures 8 and 9. These 
charts contain lines of equal windspeed (isotachs) and lines of equal angle of incurvature 
(isoangles). The angle of incurvature at any point is the angle between the wind direction 
and the tangent to a circle drawn through that point and concentric with the storm center. 

b. Hydrographic Data. Storm surge associated with Hurricane Carla, began affecting the 
upper Texas coast on 8 September, until the center of the storm moved slowly inland 3 days 
later. Along the entire Texas coast, the storm surge began to develop when the winds were 
parallel to the coast at a distance of 100 miles, reaching a peak when the winds at the coast 
were from the north and actually had a slight offshore component (Harris, 1963). 

Because of the storm's slow forward movement, water.levels remained within about 1 
foot of their peak values for nearly 24 hours. Surge levels were over 12 feet above mean sea 
level (MSL) on the open coast, and 20 feet above MSL within bays and estuaries. Storm 
surge and high water marks on the Texas coast during Hurricane Carla have been well 
documented (Cooperman and Sumner, 1961; Cry, 1961; Dunn, 1962). Reported surges 
were 16.6 feet above MSL at Port Lavaca, 14.5 feet above MSL at Port O'Connor, 15.2 feet 
above MSL at Matagorda, and 14.8 feet above MSL on the upper Houston Ship Channel. A 
high water line varying from 15.7 to 22 feet above MSL, established from debris near the 
head of Lavaca Bay, probably included the undetermined effects of wave setup and runup 
(Dunn, 1962). 
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Figure 8. Hurricane Carla, 7-12 September 1961. Synoptic charts, 7-9 September (Harris, 1963). 
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Surge hydrograph data was taken from the U.S. Army Engineer District, Galveston 
(1962). Observed and recorded storm surges along the Texas coast and the predicted 
astronomical tide at Galveston are shown in Figures 10 and 11. Peak surge values along the 
Texas and Louisiana coasts are given in Figures 12 and 13. 
3. Hurricane Audrey. 

a. Hurricane Data. Hurricane Audrey developed from a tropical depression over the Bay 
of Campeche in southwestern Gulf of Mexico on 25 June 1954. The position of the tropical 
depression at that time was 22.5°N., 93°W., or about 380 miles southeast of Brownsville, 
Texas. Highest winds were estimated at 35 to -40 miles per hour. 

By 1200 hours CST, 25 June, the tropical depression had reached hurricane strength 
with winds near the center increasing in speed from 75 to over 100 miles per hour. By 0600 
hours CST on the 26th, Audrey was moving northward at about 10 miles per hour, and had 
reached a position 250 miles southeast of Brownsville. The hurricane's translational speed 
gradually increased until it reached 15 miles per hour early on the 27th. By 0700 hours 
CST, 27 June, the storm was centered near the Texas-Louisiana coast south of Port Arthur, 
Texas. Highest reported winds on the coast at that time were 75 miles per hour and surge 
elevatio.n had reached 7 feet above MSL (Ross and Blum, 1957). 

At 0930 hours CST on the 27th, a report from Orange, Texas stated that after 
experiencing winds of over 100 miles per hour the town was now experiencing the dead 
calm associated with the eye of the storm and was expecting the r~turn of strong winds. 
Lake Charles, Louisiana, as the storm passed just to the west, reported maximum winds of 
105 miles per hour. On land the storm rapidly increased forward momentum and continued 
in a northeast direction. On the morning of 28 June the storm was centered over 
west-central Tennessee and had lost its hurricane-strength winds. The storm, however, 
developed several tornadoes in Mississippi, Louisiana and Alabama. The following day when 
Audrey was expected to assume extratropical characteristics, it merged with a polar front 
which had formed in the vicinity of Chicago, Illinois on 28 June. The merge of these storms 
was complete and the new center was about 140 miles north of Buffalo, New York, in 
southwestern Quebec, Canada. At this time the storm had reached maximum intensity as an 
extratropical storm with a central pressure of 28.76 inches of mercury (974 millibars). 
Winds of 95 to 100 miles per hour were reported at Jamestown, New York (U.S. Weather 
Bureau, 1957). It then became difficult to differentiate between the contribution made by 
the remnants of Audrey and that of the polar trough. Meteorological discussions of the 
storm are &ven by Ross and Blum (1957), and by Moore (1957). A detailed analysis of the 
wind field as this storm crossed the coastline was made by Graham and Hudson (1960); 
additional historical data can be obtained from Sumner (1957a, 1957b). Other accounts of 
the storm have been presented in Klein (1957) and Morgan, Nichols, and Wright (1958). 

Surface wind field data and central pressures describing Hurricane Audrey were obtained 
from Hydrometeorological Reports, HUR 7-51A, 7-57, and 7-57A (U.S. Weather Bureau, 
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1964 ). In these reports, wind fields are given in 2-hour intervals from 0000 to 0600 hours 
CST and 1200 to 2400 hours CST, and at 1-hour intervals from 0600 to 1200 hour C~T. 
The charts contain windspeeds shown by isotachs and directions shown by arrows. Physical 
parameters describing Hurricane Audrey are given in Table 2; synoptic weather charts are 
shown in Figure 14, and Figure 15 shows the hurricane track. 

b. Hydrographic Data. Most damage by Hurricane Audrey along the gulf coast resulted 
from high surges. The normal diurnal tidal range for this area is 1 to 2 feet. The coast of 
Louisiana where the hurricane struck is near sea level, and in places is below sea level for 
considerable distances inland. Therefore, the area affected by high water was extensive, and 
low lying regions were inundated as far as 10 to 20 miles inland. The limits of flooding along 
the coast have been documented by the U.S. Army Engineer District, New Orleans. 

Hurricane surges of 6 feet or more above MSL extended from Galveston, Texas to a 
point 330 miles eastward. These have been documented by Harris (1958, 1963). The 
observed storm water levels of about 30 recording stations effected by Hurricane Audrey are 
shown in Figures 16 and 17 (Harris, 1963). These water level records were obtained from 
tide gage records by plotting hourly values of water elevation, and reduced to a common 
scale for showing peak values where available. Maximum surge observations along the Texas 
and Louisiana coasts are shown in Figures 18 and 19. At Galveston, observed water levels 
reached a peak of 6.2 feet above MSL at 0430 hours CST on 27 June (Fig. 20). 

The storm center's landfall point was about 23 miles to the west of Cameron, Louisiana. 
The highest surge occurred 40 miles to the east of the storm's landfall point, about 3 miles 
east of Creole. No records of surge for that area were made. Although the tide gage near 
Cameron, Louisiana was destroyed by the storm, a part of the record was reconstructed 
from a U.S. Coast Guard Station log on Monkey Island. At that station, the water began to 
rise at the rate of 1.5 feet per hour by 0400 hours CST, 27 June, reaching a peak elevation 
of 10.6 feet above MSL between 1000 and 1100 hours CST on the 27th. Storm waves 
between 4, and 5 feet high with a few peaks possibly reaching 8 to 10 feet, were 
superimposed on the surge at Cameron. High water remained in the area until 1400 hours 
CST, then began to recede when winds shifted to an offshore direction (Ross and Blum, 
1957). At the Eugene Island tide station, the recording pen of the tide gage went off scale 
shortly after 0600 hours CST, came back on scale briefly between 0700 and 0800 hours 
CST, and went off scale again after 0800 hours CST. The recording pen returned to the 
recording position shortly after 1000 hours CST inferring a peak surge elevation of 7.3 feet 
MSL. This may be in error by a few tenths of a foot. The Eugene Island gage record is 
shown in Figilre 21. 
4. Hurricane Camille. 

a. Hurricane Data. Hurricane Camille originated off the coast of Africa on 5 August 
1969, and was recognized as a tropical disturbance on the 9th, about 480 miles east of the 
northern Leeward Islands. By 14 August, near the island of Grand Cayman in the Caribbean, 
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Figure 17. Hurricane Audrey, 26-27 June 1957. Observed tides, eastern Louisiana 
(Harris 1963 ). 
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Figure 20. Hurricane Audrey, 26-27 June 1957. Observed tide records for Galveston, Texas, and U.S. Coast and Geodetic Survey 
tide station (Harris, 1963 ). 
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the storm had developed a 29.50 inches of mercury (999 millibars) pressure center and 
surface winds of 55 miles per hour. The disturbance was christened Tropical Storm Camille. 

The storm moved northwestward at 9 miles per hour and its central pressure dropped to 
29.26 inches of mercury (991 millibars) late on the 14th. By 15 August, Camille was located 
60 miles southeast of Cape San Antonio, Cuba, and had developed into a full hurricane with 
28.4 7 inches of mercury (964 millibars) central pressure and winds of 115 miles per hour 
(D·e Angelis, 1969). The storm moved into the Gulf of Mexico on the 16th and changed to a 
north-northwestward direction with a translational speed of 14 miles per hour. Its central 
pressure had dropped to 26.72 inches of mercury (905 millibars). Hurricane watches were 
set up from Biloxi, Mississippi, to St. Marks, Florida. On 17 August, Camille was 250 miles 
south of Mobile, Alabama with surface winds near the center estimated at more than 201.5 
miles per hour. Hurricane warnings were issued for the Mississippi coastal areas extending 
westward to New Orleans. 

The center of Hurricane Camille made landfall at Clermont Harbor, Waveland, and Bay 
St. Louis, Louisiana at about 2330 hours CDT on the 17th. There were no records of winds 
near the center, but estimates ranged up to 201.5 miles per hour. At the west end of the Bay 
St. Louis Bridge a pressure of 26.85 inches of mercury (909.3 millibars) was reported. At 
Boothville, Louisiana, winds of 107 miles per hour were recorded before a power failure; at 
Pilottown, Louisiana, the S.S. Cristobal estimated winds at 160 miles per hour. Winds at 
Keesler Air Force Base, Biloxi, Mississippi were measured at 81 miles per hour with gusts to 
129 miles per hour. At Ingalls Shipyard, Pascagoula, Mississippi the highest sustained wind 
reached 81 miles per hour while a local radio station reported 104 miles per hour winds 
before power failure. 

Hurricane-force winds were concentrated close to the storm's center as it moved inland. 
These winds extended from east of New Orleans to Pascagoula, while gusts of hurricane 
force winds extended along the coast from New Orleans to west of Mobile Bay. 

Once over land, Hurricane Camille weakened considerably moving northward through 
Mississippi passing close to Columbia, Prentis, Jackson, Canton, and Greenwood. At 
Jackson, winds gusted to 67 miles per hour as the storm center passed 10 miles west of the 
city. The storm was only identifiable as a depression by the time it reached the northern 
Mississippi border and was tracked northward to southern Virginia. 

Torrential rainfall caused devastating flash floods and landslides along the eastern slopes 
of the Blue Ridge Mountains and record flooding along the James River. 

Surface wind fields and pressure fields of Hurricane Camille were obtained from the 
Hydrometeorological Reports HUR 7-113, and 7-ll3A (Environmental Science Services 
Administration, 1969 and 1970 ). In the latter report wind fields are given at 6-hour intervals 
from 0000 hours through 1800 hours GMT, 17 August, then at 3-hour intervals through 
0500 hours GMT, 18 August, and then at 6-hour intervals until 0000 hours GMT, 19 
August. TI1e track for Hurricane Camille is given in Figure 22; Figures 23, 24, and 25 are the 
synoptic weather charts used in this study. 
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Figure 22. Track for Hurricane Camille, August 1969 (Environmental Science Services Administration; HUR 7-ll3A, 1970). 



A 0000 GMT - 17 Aug 69 

C 1200 GMT- 17 Aug 69 

B 0600 GMT- 17 Aug 69 

Figure 23. 30-foot surface isovels (knots), Hurricane Camille 
(Environmental Science Services Administration; 
HUR 7-113A, 1970). 
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Figure 24. 30-foot surface isovels (knots), Hurricane Camille (Environmental Science Services Administration; HUR 7 -ll3A, 1970 ). 
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Figure 25. 30-foot surface isovels (knots), Hurricane Camille (Environmental Science Services Administration; HUR 7 -113A, 1970). 



b. Hydrographic Data. The storm surge generated by Camille flooded coastal regions 
from lower ~laquemines Parish in Louisiana, to Perido Pass, Alabama. Maximum storm surge 
of 24.6 feet above MSL was measured in the Pass Christian-Long Beach, Mississippi, area. In 
St. Louis Bay, maximum surge was 10 feet above MSL. At Back Bay of Biloxi, Mississippi, 
the surge elevation reached about 15 feet above MSL (U.S. Army Engineer District, Mobile, 
1970), and near 10 feet above MSL as far east as the Mississippi-Alabama border. 

Along the Louisiana coast, the storm surge was 15 feet above MSL at Boothville, and 9 
feet above MSL near the mouth of the Mississippi, at Garden Island. At Alluvial City surge 
height reached 7.97 feet above MSL, at Chef Menteur Pass 11.06 feet, at Shell Beach 11.06 
feet, and at Rigolets 9 feet. Detailed maps of areas flooded and surge measurements of 
Hurricane Camille arc presented by Wilson and Hudson (1969). Additional surge elevations 
along the Louisiana and Mississippi coasts are shown in Figure 26. 

Surge data along the coast of Louisiana, Mississippi and Alabama, were obtained from 
the U.S. Army Engineer District, Mobile Report (1970). The surge elevation of 19.5 feet 
above MSL used for the calibration is based on a visual observation of high water mark at 
Biloxi, Mississippi (Fig. 27). This value may include runup due to wave action. The 
reduction of tide data is discussed in Section IV. 
5. Hurricane Carol. 

a. Hurricane Data. Hurricane Carol formed ncar the northeastern Bahama Islands on 26 
and 27 August 1954. Then, it moved northward to a position near 30°N ., 76°W., and 
became nearly stationary. For the next three days the storm drifted very slowly and by 30 
August had moved to about 32.5°N., 77.5°W. Then, it began accelerating in a 
north-northeast direction passing near Cape Hatteras at about 2100 or 2200 hours EST, 30 
August (Fig. 20). Highest winds were estimated to vary from 75 to 125 miles per hour. 

During the morning of the 31st, Carol moved very rapidly in a north-northeast direction 
from Cape Hatteras,-crossed over the eastern end of Long Island and entered the New 
England area at the south shore of Rhode Island. From there, Carol crossed Rhode Island, 
eastern Massachusetts and along the Maine-New Hampshire border into Canada through the 
St. Lawrence Valley. The storm left 60 dead and over $460 million damage to property and 
crops in the North Atlantic States (Davis, 1954). 

Carol struck the Rhode Island area in full strength at about 1030 hours EST, 31 August, 
with sustained winds up to 90 miles per hour a~d gusts up to 105 miles per hour. Highest 
winds were at Block Island, Rhode Island, where 130 miles per hour was measured in gusts. 

In the vicinity of Narragansett Bay, at Point Judith, Rhode Island, maximum hurricane 
winds with velocities of 73 to 02 miles per hour were observed about llOO hours EST. At 
the entrance of Narragansett Bay near Brenton Point winds with velocities from 73 to 02 
miles per hour were observed between llOO and 1200 hours E~T. 
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Figure 26. Hurricane Camille track, windspeeds and resultings surges along the Mississippi coast. 
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Surface wind field and pressure fields .for Hurricane Carol were obtained from the 
Hydrometeorological Report HUR 7-54 (U.S. Weather Bureau, 1959). In the report, wind 
fields are given at 3-hour intervals from 0130 to 1330 hours EST, and 2-hour intervals from 
1330 to 1730 hours EST, 31 August. Synoptic weather charts of the hurricane are shown in 
Figure 29. 

Historical accounts for this storm have been given by McGuire (1954), Rhodes (1954), 
and Davis (1954 ). 

b. Hydrographic Data. Because of forward speed, intensity, and arrival during high tide, 
Hurricane Carol produced exceptionally high surges and destructive wave action. About 
one-third of Providence, Rhode Island, was under 8 to 10 feet of water for several hours and 
many coastal communities were severely damaged. Storm waves outside Narragansett Bay 
had heights over 40 feet approaching from the southeast. Storm surges associated with Carol 
have been discussed by Redfield and Miller (1957) and by Harris (1963). Surge data in these 
discussions have been assembled by the U.S. Army Engineer District, New York and U.S. 
Army Engineer Division, New England. Peak surge values and surge hydrographs for the east 
coast are shown in Figures 30 and 31. 

Maximum water elevation observed at Narragansett Pier due to Hurricane Carol along the 
open coast outside Narragansett Bay was 12.8 feet above MSL. No complete recorded 
hydrograph exists at the entrance to Narragansett Bay, and the closest gage to the entrance 
is the Newport gage on Constellation Dock at Coasters Harbor Island, which became 
inoperative during the storm. This gage was 4.5 nautical miles from the bay entrance. The 
hydrogratJh used for the calibration was reconstructed from visual observations which may 
include runup due to wave action. Water elevation at Newport reached a maximum of 11.6 
feet above MLW at 1230 hours EST (reported by the City Engineer, Newport, Rhode 
Island) while a maximum water elevation of 12.5 feet above the gage datum was observed at 
llOO hours EST at the Newport tide gage site. This water elevation probably includes the 
effects of wave action. Considering that the gage datum was 1.4 feet below MLW in 1954, 
the net water elevation at Newport was 11.1 feet MLW. The maximum predicted 
astronomical tide at Newport was 4 feet above MLW at 0917 hours EST. At llOO hours 
EST, the predicted astronomical tide was 3.2 feet. The 7.9 feet difference was the result of 
initial rise and hurricane surge. The methodology of hydrographic data reduction is 
discussed in Section IV. 

IV. DATA REDUCTION 
l. Wind Data Reduction. 

A prerequisite of accurate storm surge calculation is the availability of good wind field 
data along a selected computational traverse. Most wind field data of hurricanes are given in 
3- and 6-hour weather charts; however, critical hurricane surge effects may be experienced 
at a coastline between time intervals for which wind field charts are available. Drastic 
changes in windspccd and direction can occur during these widely separated time intervals 
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which may render storm surge calculations invalid. Therefore, frequent wind information is 
desirable, at least along traverses where storm surge calculations arc made. An accurate 
interpolation procedure must be used to generate additional temporal wind information. 
This data reduction can be done graphically or by computer. However, both schemes have 
limitations. When a storm is moving slowly, the wind field data may be voluminous and 
graphical interpolation time consuming. When the storm is moving rapidly, linear 
interpolation may give inaccurate wind field data, especially in situations where abrupt wind 
direction reversals occur, and when the hurricane center crosses the coastline. In 
interpolating, abrupt wind direction changes often require a subjective evaluation and 
interpretation, or very sophisticated computer programs. 

In this study, a graphical, nonlinear, data reduction method was used to interpolate 
windspeeds, W, and wind vector directions, o, for time intervals of I hour or less along 
each traverse. A computer subroutine was introduced to obtain the distances of the storm 
center, r, to points on the traverse. The methodology used for reduction of wind data of 
historical hurricanes is discussed below. 

a. Windspeeds and Wind Vector Directions. 
(I) A computational line (traverse) was selected and drawn on a chart of the same 

scale as the wind charts in the same geographical area (Fig. 32). 
(2) Each traverse was plotted, or a transparency showing the traverse was 

superimposed, on all appropriate weather charts of the same scale which covered the chosen 
time period for which calculations of surge were to be made, for a particular hurricane. 
Weather charts with contours of windspeeds in knots (30-foot surface isotachs or isovels), 
and ve~tors of wind directions, were used in this study. 

(3) Points along the traversp were selected for calculations at different time stages of 
the storm. Wind vector directions and speeds were obtained from each weather chart for a 
time interval starting at the seaward point of the traverse and at a subsequent point on the 
traverse. This was done at the earliest phase of the storm for which data was available if the 
windspecds at the seaward point exceeded the critical value of I4 knots. 
Windspecds, W, were obtained by interpolation between isovels and converted from knots 
to miles per hour (I knot = LIS miles per hour). Wind direction angles, 0, (the angles 
between traverse line and wind direction) were obtained by averaging two or more wind 
vectors on either side of the traverse and these measured counterclockwise from the traverse 
line from 0° to 360°. Also, the initial distance values, r LM, of the storm center to the traverse 
shore-intercept were obtained in nautical miles for each position of the storm given on the 
weather charts (Fig. 32). Subsequent values of distances r to all other points on the 
traverse were developed internally by the program, according to the method given in Section 
VI. 'n1is data reduction procedure was repeated for each time step in the development of the 
storm (using a 6-, 3-, or I-hour weather chart). The process of interpolation was subjective, 
and attention was given in developing the data in a reasonable fashion. 
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(4) If the data obtained by this procedure were from hourly wind charts, it was 
tabulated and then punched directly on computer cards without further reduction. This 
form provided an input for the numerical surge calculations. An example of the input data 
format is shown in Appendix A. 

(5) If data were obtained from 3- or 6-hour weather charts, then graphs were 
prepared of: windspeed changes with time for points on the traverse, wind direction changes 
with time for points on the traverse, wind direction changes along the traverse for each 3- or 
6-hour interval, and changes with time in the distance of the hurricane center with each 
point on the traverse. Examples of graphs used for reduction of the 3- and 6-hour wind data 
are given in Figures 33 through 36. Hourly wind directions and speeds were obtained from 
the graphs by nonlinear interpolation for all points along each traverse, and for each 
hurricane. In addition, r values were obtained. Finally, all values were tabulated, punched 
on cards, and used as input for surge calculations. 

b. Storm Center Distance, r, to Traverse. Values of distances r between points along 
the traverse and the moving storm center were calculated internally by a routine added to 
the computer program. Given the azimuth a of the traverse, the initial 
distance, r LM' between the storm center and shore-intercept of the traverse, and 
azimuth {3 of this line, subsequent vah;es of r for each point on the traverse were 
calculated by the program for each time interval. From geometry shown in Figure 32, the 
value of r

11 
was determined each time using the law of cosines. Accordingly: 

where 

and 

xn = the distance of each point of the traverse from the 
shore intercept of that traverse, 

o = the computed angle between the traverse and r LM . 

2. Hydrographic Data Reduction. 

(41) 

Tide gage hydrographs of historic hurricane surges are important in the calibration and 
verification of a numerical model. The importance of such data was discussed in Section I. 
For the purpose of this study, corrections and adjustments were applied to the hydrographic 
data to account for tide gage locations, tide phases, water level datums of tide gages, and 
initial rise preceding the arrival of hurricanes. 

a. Tide Gage Locations. In the discussion of data limitations, it was pointed out that 
most tide gage stations arc situated in protected areas of the coast and do not record storm 
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surge at the open coast. The few tide gage stations located on the open coast are widely 
separated and often are not near paths of hurricanes. Some tide gage data used in the 
computation of surge on the open coast can only be estimated from tide gages located a 
distance away. The following tide gages were used for each hurricane: 

(1) Hurricane of 1949. For the Freeport traverse the nearest tidal station which 
recorded the surge of this hurricane, was at Brazos River Gates. Brazos River Gates is 
located inland of the Gulf of Mexico at the intersection of the Brazos River and the 
Intracoastal Waterway (Fig. 37). For the Galveston traverse the nearest tidal station was 
located at Galveston's Pier 21, adjacent to Galveston Channel. This station provided the best 
recorded data. 

(2) Hurricane C.:arla. For the Freeport and Galveston traverses, the nearest tidal 
stations recording surge from Carla were the Brazos River Gates and the Pleasure Pier gages, 
respectively. 

(3) Hurricane Audrey. Eugene Island, Louisiana was selected as the traverse for 
calculation of surge from Audrey because this island is located on the seaward side of 
Atchafalaya Bay and represents an open coast situation. The Eugene Island tide gage station 
operated by the National Ocean Survey only partially recorded this event. 

(4) Hurricane Camille. No complete surge hydrograph exists. The Biloxi, Mississippi, 
traverse used for computation of surge did not have a tide gage. The peak surge for this 
location (19.5 feet above MSL) is based on a visual observation. The nearest tide gage 
station from which a partial record of this event could be obtained, was at Pascagoula, 
Mississippi. 

(5) Hurricane Carol. The Narragansett Pier, selected as the traverse in computing 
surge from Carol, represents an open-coast location which experienced maximum surge. The 
nearest tide gage station was at Coasters Harbor Island, Newport, Rhode Island (Fig. 38). 
Corrections were applied to the records from this gage, accounting for phase differences in 
the astronomical tide values used in the computation, e.g., the maximum water level due to 
Carol at the Newport gage (11.61 feet above MLW) occurred at llOO hours EST. The high 
tide of 4 feet above MLW was predicted to occur at 0917 hours EST, for that location. 
Therefore, at the time of maximum surge at Newport, the predicted tide elevation was 3.2 
feet above MLW, the difference (observed minus predicted) in tide being 7.9 feet. The tide 
tables were consulted for Narragansett Pier; however, no c~mections were applied for tidal 
time and height differences between this station arid Newport as these differences were 
relatively insignificant. 

When tide gage records were not available, peak 'storm surge elevations on the open coast 
were obtained from visual observations of debris marks, which generally include the effects 
of wave-induced setup and runup. However, it was not possible to determine accurately how 
much of the water level elevation was due to surge and to wave action. The observed levels 
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in these cases may be higher than those of the surge alone, e.g., for Camille, the surge 

elevation of 19.5 feet above MSL used for the calibration was based on a visual observation 

of high water marks at I3iloxi, Mississippi. Without a better record, the observed surge 

hydrograph for Carol at Newport, used in the calibration for the Narragansett Pier traverse, 

was reconstructed from visual observations which may have also included wave runup. In 

both instances there was no logical way of correcting for the wave runup. 

The predicted astronomical tide elevations for the tide gage station nearest to the 
traverses used for the computation at the time maximum surges occurred for each hurricane 

is given in Table 3. 

Table 3. Hydrographic Data. 

Parameter Hurricane of 1949 Carla Camille Audrey Carol 
(feetMLW) Texas Texas Mississippi Louisiana Rhode Island 

Traverse Freeport Galveston Freeport Galveston Biloxi Eugene Island Narragansett Pier 

Tide Station Brazos River Pier 21 Brazos River Pleasure Pier Pascagoula Coaster Island 
Galveston 
Channel 

Initial rise 2.00 2.00 2.50 1.90 1.20 1.00 1.20 

Astronomical 1.42 1.02 1.19 1.10 1.60 0.81 3.2 
tide at time 
of maximum 
observed surge 

b. Sea Level Datum Corrections. Some recorded or observed surge data associated with 

hurricanes were referenced to MSL. Other tide gage data referred to ML W, or SLD. 

Therefore, corrections were applied for differences in the water level datum. Also, 

corrections were applied for tide gage datums, e.g., the gage datum at Newport, Rhode 

Island (Constellation Dock at Coasters Harbor Island) was 1.4 feet below MLW; therefore, 

the maximum gage value was corrected to ll.l feet MLW. A correction was also applied for 

the phase of the tide and at llOO hours EST the predicted astronomical tide should have 
been 3.2 feet. The surge for that location was 7.9 feet. 

Predicted tides for the various locations at or ncar the traverses used in the calibration 
were obtained from tide tables which are referenced to MLW. The tide tables give maximum 
and minimum heights of tides and the times of respective occurrences. Height values were 
plotted and smooth curves fitted to obtain continuous values of astronomical tides (Figs. 39 
through 7l ). These tide curves represent projected astronomical tides used for estimating 
the initial rise and for computing the surge hydrographs. All reported water level values refer 
to MLW datum. 
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Figure 42. Observed and computed surge hydrographs for the Hurricane of 1949 at 
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Figure 43. Observed and computed surge hydrographs for the Hurricane of 1949 at 
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Figure 44. Observed and computed surge hydrographs for the Hurricane of 1949 at 
Galveston, Texas, K1 = 1.21 X 10-6 , K2 = 2.75 X 10-6 , K = 0.0030. 

86 



:c 
....J 

12 

10 

8 

:::!;. 6 .. .. 
u. 

c: 
0 
:.= 4 
0 
> .. w 

2 

0 

-2 

1-

1-

v-

-· 

1-
K1= 1.21 XI0- 6 

1- K =0.0035, ~ ty 
1--v 

/ 
v ..... --

_..-" !--""' -

- - f-.- -----~-

1600 1800 2000 2200 
October 3, 1949 

2200 0000 0200 0400 
October 4, 1949 

I I I I I 1 I I I 
HURRICANE 1949 -

Galveston Channel, Texas 

Datum Correction 0.5 ft. MLW = MTL ~ MSL-

I 
1-

lr8.37' - \ 
\1--~ 

-- ......... ~ l-- Observed Hyd rogroph / 
/ ' / 

'""...;, 

I§ Astronomical Tide 

- ·-_L_ --f-.----
0000 0200 0400 0600 0800 1000 1200 

October 4,1949 
Time I CST I 

0600 0800 1000 1200 1400 1600 1800 

Time I GMT I 

Figure 45. Observed and computed surge hydrographs for the Hurricane of 1949 at 
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Figure 46. Observed and computed surge hydrographs for the Hurricane of 1949 at 
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Figure 49. Observed and computed surge hydrographs for Hurrieanc Carla at 
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Figure 50. Observed and computed surge hydrographs for Hurricane Carla at 
Freeport, Texas, K1 = 1.21 X 10-6 , K2 = 2.75 X 10-6 , K = 0.0050. 
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Figure 51. Observed and computed surge hydrographs for Hurricane Carla at 
Freeport, Texas, K1 = 1.10 X 10-6 , K2 = 2.50 X 10-6 , K = 0.0050. 
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Figure 52. Observed and computed surge hydrographs for Hurricane Carla at 
Freeport, Texas, K1 = 0.99 X 10-6 , K2 = 2.25 X 10-6 , K = 0.0050. 
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Figure 53. Observed and computed surge hydrographs for Hurricane Carla at 
Freeport, Texas, K1 = 0.88 X 10-6 , K2 = 2.00 X 10-6 , K = 0.0050. 
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Figure 54. Observed and computed surge hydrographs for Hurricane Carla at 
Galveston, Texas, K1 = 1.21 X 10-6 , K2 = 2.75 X 10-6 , K = 0.0030. 

96 



14 

12 

10 

31: _, =:a .. .. .._ 
c: 
0 

0 6 
> .. 

UJ 

4 

2 

0 

I"' \ 

~ I 
I 

/' 
,..; 

K1 = 1.10 X 10-\ -.... ~ .... 
II\ 

K = 0.0030 
~ ~ I\ 

I / " , ... ./ I 

I I I 
I 

If ~ ,-, /If r.A' J/ 
~ 

.... , ;- ''- y-
-.../ 

1''--' 
I/ 

'-

I I I I I I I I 
HURRICANE CARLA -

Pleasure Pier Galveston·, Texas 

1929 MSL ~ 0.7 ft. above MLW (1961)-

>," 9.33' 

~ ' I I 
I tl' 

\,.,'\ I 
I 

-""'" /\ I 

\ \ ~I ,-.,., vObserved Hydrograph I 
I I 

\ v v 
\. 1\ I 

I 
I 

\ I 
~---

\ ... I 
\ 

1\ \ 
\, 

\ 

v _......Astronomical Tide 

_,......, ;' /, ... , __ _..... ''-l/ '..._. I \.._ v '" 
0000 1200 0000 1200 0000 1200 0000 1200 0000 1200 0000 

September 9,1961 September 10, 1961 September II, 1961 September 12,1961 September 13,1961 
Time (CST l 

0000 
September 10,1961 September II, 1961 September 12,1961 

Time (GMT) 

Figure 55. Observed and computed surge hydrographs for Hurricane Carla at 
Galveston, Texas, K1 = 1.10 X 10-6 , K2 = 2.50 X 10-6 , K = 0.0030. 
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Figure 56. Observed and computed surge hydrographs for Hurricane Carla at 
Galveston, Texas, K1 = 0.99 X 10-6 , K2 = 2.25 X 10-6 , K = 0.0030. 
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Figure 57. Observed and computed surge hydrographs for Hurricane Carla at 
Galveston, Texas, K1 = 0.88 X 10-6 , K2 = 2.00 X 10-6 , K = 0.0030. 

99 



12 

10 

8 

~ 
...J 

::1!:- 6 ... ... ..._ 

c 
0 

~ 4 
> ... 

w 

2 

0 

-2 

r- .... · ... ,-, 

['-.., 
'----

K1= 1.21XI0- 6 

K = 0.0030 J\ 
> / 

/ ,..... 

I 

" " 
"' 

." 
!--"' 

" " 
, 

./"-
)..-/ 

y" 1/ 

9.60
1

\-, 

I r'\-
I \ - " 

,, 
" I 

/ 
" I 

- ... ........ ·-

I I I I I I I I I 
HURRICANE AUDREY -Eugene Island, Louisiana 

IL- Datum Correction 0.6 ft. MLW = MTL ~ MSL -

r\. 
\ -, 

' ' 
"""' ~~ ' ....... Observed Hydrogroph I\ -... / ' 

',~ '(' 1/ / 
P-c "' 

f--
.............. £Astronomical Tide r, 

'< ,/ ...__ v 
1600 2000 0000 0400 0800 1200 1600 2000 0000 0400 0800 

June 26, 1957 June 27, 1957 June 28, 1957 
Time I CST I 

0000 0400 0800 1200 
June 28, 1957 

Time IGMTI 

Figure 58. Observed and computed surge hydrographs for Hurricane Audrey at 
Eugene Island, Louisiana, K1 = 1.21 X 10-6 , K2 = 2.75 X 10-6 , K = 0.0030. 
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Figure 59. Observed and computed surge hydrographs for Hurricane Audrey at 
Eugene Island, Louisiana, K1 = 1.21 X 10-6 , K2 = 2.75 X 10-6 , K = 0.0025. 
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Figure 60. Observed and computed surge hydrographs for Hurricane Audrey at 
Eugene Island, Louisiana, K1 = 1.10 X 10-6 , K2 = 2.50 X 10-6 , K = 0.0025. 
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Figure 61. Observed and computed surge hydrogr~phs for Hurricane Audrey at 
Eugene Island, Louisiana, K1 = 0.99 X 10-6 , K2 = 2.25 X 10-6 , K = 0.0025. 
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Figure 62. Observed and computed surge hydrographs for Hurricane Audrey at 
Eugene Island, Louisiana, K1 = 0.88 X 10-6 , K2 = 2.00 X 10-6 K = 0.0025. 
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Figure 63. Observed and computed surge hydrographs for Hurricane Camille at 
Biloxi, Mississippi, K1 = 1.21 X 10-6 , K2 = 2.75 X 10~6 , K = 0.0030. 
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Figure 64. Observed and computed surge hydrographs for Hurricane Camille at 
Biloxi, Mississippi, K1 = 1.10 X 10""6 , K2 = 2.50 X 10""6 , K = 0.0030. 
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Figure 65. Observed and computed surge hydrographs for Hurricane Camille at 
Biloxi, Mississippi, K1 = 0.99 X 10-6 , K2 = 2.25 X 10-6 , K = 0.0030. 
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Figure 66. Observed and computed surge hydrographs for Hurricane Camille at 
Biloxi, Mississippi, K1 = 0.88 X 10-6 , K2 = 2.00 X 10-6 , K = 0.0030. 
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Figure 67. Reconstructed and computed surge hydrographs for 
Hurricane Carol at Narragansett Pier, Rhode Island, 
K1 = 1.21 X 10-6 , K2 = 2.75 X 10-6 , K = 0.0030. 
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Figure 68. Reconstructed and computed surge hydrographs for 
Hurricane Carol at Narragansett Pier, Rhode Island, 
K 1 = 1.10 X 10-6 , K2 = 2.50 X 10-6 , K = 0.0030. 
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Figure 69. Reconstructed and computed surge hydrographs for 
Hurricane Carol at Narragansett Pier, Rhode Island, 
K
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Figure 70. Reconstructed and computed surge hydrographs for 
Hurricane Carol at Narragansett Pier, Rhode Island, 
K
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Figure 71. Reconstructed and computed surge hydrographs for 
Hurricane Carol at Narragansett Pier, Rhode Island, 
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c. Initial Rise. Other hydrographic data of major importance in the calculation of storm 
surge with a numerical model involves the initial rise in water level preceding the arrival of a 
hurricane. At such times, water levels along the coast have been observed to be different 
than the predicted astronomical tide. This difference in water levels between observed and 
predicted tides appears to be in many cases, independent of the storm or the astronomical 
forces. The significance of initial rise was discussed in Section I. Examination of prestorm 
tide gage records (from which initial rise is obtained) indicates that a considerable range of 
values may be selected. Harris (1963) has shown that such water level deviations can be as 
much as 2 feet. 

The initial rise used as input to the numerical calculation of storm surge is usually the 
average difference between predicted astronomical and observed tides at a tide gage station . . 
at or closest to the shore-intercept (open coast) of the traverse before the influencing effects 
of hurricane winds and pressures. In the numerical calculations, this value should be treated 
as a constant and added to the total water level. This may be an oversimplification, since the 
cause for such rise or its exact magnitude during the passage of the storm is not known with 
certainty. For the purpose of calibration, initial rise was defined in Section I as "the average 
water level variation above the predicted astronomical tide at a station during the 2 days 
preceding the occurrence of a 15 to 20 miles per hour isovel of a hurricane advancing 
across the Continental Shelf." Based on this definition, the initial rise in water levels used 
in the calculation of surges at Galveston, Freeport, Eugene Island, Biloxi and Narragansett 
Pier for the selected hurricanes, were estimated using the predicted tides shown in Figures 
39 through 71, taken from the tide tables and the observed or recorded hydrographs of 
water levels at the nearest tide. gage stations. Because of these limitations, the initial rises in 
water levels used in this study may represent rough approximations. 
3. Computational Traverses. 

Computational traverses, used for surge calculation of each selected hurricane, were 
chosen on the basis of their proximity to hurricane tracks, to recording tide gages on 
relatively open coasts, and to points on the coast where maximum, well documented 
observations of historic surge water levels were available. The selected traverses were also 
situated, in each case, to the right of the hurricane tracks, to accommodate a limitation of 
the bathystrophic numerical model for surge computation (preferably at a distance of about 
1 to 3 times the radius to maximum winds aw:ay from the path of the hurricane center, in 
order to intercept the maximum effect of the hurricane). 

For the Hurricane of 3 October 1949 and Hurricane Carla, t~averses were selected at 
Galveston and Freeport, Texas, for which tide gage records and good historical accounts of 
surges were available. A traverse for Hurricane Audrey was selected at Eugene Island, 
Louisiana, a relatively open-coast location which experienced maximum surges and where a 
semieomplete tide gage record and visual measurement of peak surge existed. For Hurricane 
Camille, a traverse at Biloxi, Mississippi was selected; this location was on the open coast 
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where large surge water levels were observed and documented and was nearer the tide gage 
at Pascagoula, Mississippi, where some tidal information could be obtained. A belter traverse 
may have been Pass Christian, Mississippi, where maximum surge for this hurricane 
occurred; however, it was not selected because of the unusual coastal configuration of the 
region and the presence of offshore islands. 

A traverse was selected at Narragansett Pier, Rhode Island for Hurricane Carol, the only 
hurricane chosen on the open Atlantic coast which experienced maximum surge. Although 
the data for Narragansett Pier were based on a peak value which may have included some 
storm wave setup and runup, and the nearest tide gage along the coast was at Newport, 
Rhode Island, in a semisheltered area, this was the only location unobstructed by offshore 
islands and where the open-coast condition could best be met. 

The traverses at Galveston, Freeport, Eugene Island, Biloxi and Narragansett Pier are 
given in Figures 37 and 38. The bathymetric profiles for all traverses and the coordinates of 
the shore-intercepts and orientation of the traverses used in the computations are 
summarized in Table 4. The bearings of the traverses were established by a perpendicular 
orientation to the bathymetric contours between the tide gage stations on the open coast 
(shore-intercept) or nearby points and the 600-foot depth contour on the Continental Shelf. 
The bathymetry for the profiles was taken from detailed nautical charts. 

V. MODEL VERIFICATION 
l. Calibration. 

The ability of the numerical model to reproduce historical hurricane surges or to 
adequately calculate hypothetical hurricane surges depends primarily on proper selection of 
values of specific parameters such as wind stress and bottom friction. Selection of specific 
calibration coefficients and establishing their relationship to each other is important to 
verification of the model. Both wind and bottom friction (stress) coefficients can be 
calibrated for use in the hydrodynamic equations of the surge estimate. However, it should 
be emphasized that because hurricane surge is a complex phenomenon, the wind stress and 
bottom friction coefficients obtained through calibration actually represent model 
calibration coefficients which include more than the physical effects of wind stress and 
bottom friction. Therefore, these model coefficients are considered to be representative of 
all the remaining unknowns contributing to storm surge. 

In reconstituting the historical surge data, difficulties were encountered with establishing 
values of initial rise which varied with location of each particular hurricane. Since it was 
difficult to calibrate for such an initial rise, an attempt was made to standardize the method 
of measurement and to assign a consistent value in each case, independent of wind stress and 
bottom friction. This was added to the final estimate of surge. A definition of initial rise and 
method of measurement is discussed in Sections I and IV. For the calibration, raw data 
describing historical hurricanes were corrected, reduced, digitized, and used with the model 
to calculate surge hydrographs and then compared to the observed or recorded surges of 
these hurricanes. Methods of data reduction were discussed in Section IV. 
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Table 4. Data Used for Calibration. 
Texas Mississippi Rhode Island 

Freeport Galveston Biloxi Narragansett Pier 

Coordinates of Shore Intercept 
28°55.5'N 

I 29°15.4'N I 30°23'N I 41°25.65'N 
95°17.25'W 94°48.75'W 88°52'W 7l0 27.35'W 

Orientation of Traverse 
S 28°E S 25°E S 12°E S 20°E 

DFS DIF DFS DIF DFS DIF DFS DIF 

0.0 0 0.0 0 0.0 0 0.0 0 
0.05 1 0.1 4 l.O 3 0.1 15 
0.1 5 0.2 6 2.0 9 0.2 25 
0.4 10 0.4 12 3.0 9 0.3 30 
0.5 20 0.5 16 5.0 12 0.4 40 
l.O 30 l.O 18 10.0 13 0.5 45 
2.0 32 2.0 29 15.0 35 0.6 47 
3.0 37 3.0 34 20.0 36 0.7 49 
4.0 40 4.0 40- 30.0 40 0.8 55 
5.0 47 5.0 45 40.0 52 0.9 57 

10.0 66 10.0 57 50.0 90 l.O 60 
15.0 78 15.0 60 60.0 160 2.0 80 
20.0 90 20.0 54 70.0 235 3.0 90 
30.0 114 30.0 72 77.0 600 4.0 103 
40.0 132 40.0 95 -- -- 5.0 107 
50.0 168 50.0 123 -- -- 10.0 120 
60.0 240 60.0 150 -- -- 15.0 120 
70.0 570 70.0 180 -- -- 20.0 150 
70.9 600 80.0 230 -- -- 30.0 160 
-- --- 90.0 348 -- -- 40.0 192 
-- -- 92.5 600 -- -- 50.0 215 
-- -- -- -- -- -- 60.0 270 
-- -- -- -- -- -- 70.0 370 
-- -- -- -- -- --. 80.0 450 
-- -- -- -- -- -- 85.0 600 

DFS =Distance From Shore (nautical miles) 
DIF = Depth In Feet (mean low water) 
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Louisiana 
Eugene Island 

I 29°21'N 
91°22.5'W 

S 12.5°W 
DFS DIF 

0.0 0 
l.O 5 
2.0 10 
3.0 12 
5.0 15 

10.0 15 
15.0 18 
20.0 20 
30.0 50 
40.0 60 
50.0 140 
60.0 200 
70.0 260 
80.0 320 
90.0 600 
-- --
-- --
-- --
-- --
-- --
-- --
-- --
-- --
-- --
-- --



Calibration was achieved by varying the values of the relative wind stress, k, and bottom 
friction, K, coefficients in the numerical equations used for surge computation. These 
coefficients are interdependent (coupled) in the basic equations (15) and (16) of the model, 
and were adjusted so that computed surges reproduced, as well as possible, the observed or 
recorded storm surges of historic hurricanes. 

Emphasis was placed on calibrating the constants in Van Darn's (1953) wind-stress 
relationship, which has the following forms in the numerical model: 

k = Kt + 1(2 [I (:')'] for w;;;;:, we' 
and 

(12) 

k = K when w ~we' 1 (13) 

where, 

k = wind-stress coefficient, 

Kt = the constant part of the wind-stress coefficient, 

1(2 = the constant multiplier of the velocity-dependent part of the 
wind-stress coefficient, 

w = windspeed in miles per hour, 

we = critical windspeed taken about 16 miles per hour (14 knots). 

In equations (12) and (13) the constants K1 and K2 account for pressure, density, 
precipitation, temperature and other factors of a hurricane system which are not easily 
measured. These factors effect the wind stress and the model as a whole and can only be 
obtained empirically. 

In verifying the bathystrophic model, the wind-stress ·constants were varied until 
reasonable agreement of the peak values for the calculated and observed or recorded surge 
hydrographs were obtained at each traverse for each hurricane. Similarly, the value of the 
bottom friction coefficient was varied for each pair of constants in the wind-stress 
relationship to determine the effects of bottom friction on the overall surge computation. 
This procedure was continued until the entire range of values for K1 , K2 and bottom 
friction, K, were analyzed, and an optimal condition of best fit was obtained between 
observed and computed surge hydrographs. Best fit can be best described as a condition of 
reasonable agreement between observed or recorded and computed surge hydrographs in 
shape, height, and time of peak surge values. Because of complexities in the shapes of both 
computed and observed or recorded surge hydrographs, no attempts were made to perform 

' statistical correlation studies of the entire hydrographs. In each case, best fit was obtained 
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when maximum computed surge reached a value slightly greater than the observed 
maximum surge value. To ensure that the maximum computed surge was reasonable and 
conservative, a 5-pcrccnt limit was placed on the difference with the peak observed surge. 

The results of calibration with historical hurricanes are shown in Figures 39 through 71. 
In these figures, computed surge hydrographs of each hurricane at each traverse are shown 
fqr different values of wind-stress constants and bottom friction. Observed or recorded surge 
hydrographs and predicted astronomical tides are also shown. Computed surge hydrographs 
incorporate the varying predicted tides and values of initial rise. Computer outputs of surge 
estimates for each hurricane are summarized in Appendix B. Initial conditions used and the 
results of calibration obtained for historical hurricanes are summarized in Table 5. Only 
peak values of surge are given in the table. 
2. Evaluation of Calibration. 

Data reliability from an evaluation of the results obtained through calibration of each 
hurricane follows: 

a. Hurricane of 1949. The computed surge hydrograph of the Hurricane of 1949 at 
Galveston showed poor correlation to the recorded surge hydrograph; this may be due to 
lack of wind data for this traverse. A fair correlation was obtained for the Freeport traverse. 

b. Hurricane Carla. Good results were obtained using Hurricane Carla data for the 
Galveston traverse which provided most of the desired conditions for an open-coast station. 
Good results were obtained for the Freeport traverse. 

c. Hurricane Audrey. The computed surge hydrograph of Hurricane Audrey for the 
Eugene Island traverse showed a good degree of correlation to the observed surge 
hydrograph. 

d. Hurricane Camille. Inadequate correlation between the computed hurricane surge 
hydrograph and the observed high water elevation at the Biloxi, Mississippi, traverse for 
Hurricane Camille, is attributed to insufficient wind··field information and the irregularity of 
the coastline. Furthermore, Camille's wind-field charts were available for only 6-hour 
intervals and the highest surge occurred sometime between charts. The interpolated wind 
field for that period probably does not accurately represent actual wind conditions which 
produced the maximum surge. Similarly, there is no hydrograph at the point of the coast 
where the maximum surge occurred. The value provided is an observed elevation 
extrapolated from debris and high water marks and may include the effects of wave-induced 
runup. Because of the Mississippi River Delta and the offshore islands, and lack of sufficient 
wind field and hydrograph data, Biloxi was a poor site for numerical calculations of surge. 

e. Hurricane Carol. Poor correlation was obtained for computed and reconstructed 
surge hydrographs of the Narragansett Pier traverse using data of Hurricane Carol. There was 
one limitation with the available wind data-the maximum surge occurred between the 
3-hour time interval for which wind data were available, and since Carol crossed the coast at 
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Table 5. Effect of Wind Stress and Bottom Friction on Calculated Surge Values of Historic Hurricanes 

Hurricane Wind Stress Bottom Initial Surge Percent 
Traverse Equation Constants Friction Rise Peak Height Difference 

Kl K2 K Calculated Observed 

October 1949 1.21 X 10-6 2.75 X 10-6 0.0030 2.00 8.69 8.9 - 2.4 
2.75 X 10-6 ' Freeport, Texas 1.21 X 10-6 0.0025 2.00 8.83 8.9 - 1.9 

1.10 X 10-6 2.50 X 10-6 0.0025 2.00 8.38 8.9 - 5.8 
0.99 X 10-6 2.25 X 10-6 0.0025 2.00 8.03 8.9 - 9.8 
0.88 X 10-6 2.00 X 10-6 0.0025 2.00 7.67 8.9 -13.8 

October 1949 1.21 X 10-6 2.75 X 10-6 0.0030 2.00 8.44 6.0 4.0.7 
Galveston, Texas 1.21 X 10-6 2.75 X 10-6 0.0035 2.00 8.37 6.0 39.5 

1.10 X 10-6 2.50 X 10-6 0.0035 2.00 8.02 6.0 33.7 
o.99 x w-6 2.25 X 10-6 0.0035 2.00 7.65 6.0 27.5 
0.88 X 10-6 2.00 X 10-6 0.0035 2.00 7.30 6.0 21.7 

Carla 1.21 x w-6 2.75 X 10-6 0.0030 2.50 10.15 11.6 -12.5 
Freeport, Texas 1.21 X 10-6 2.75 X 10-6 0.0050 2.50 9.70 11.6 -16.4 

uo x w-6 2.5o x w-6 0.0050 2.50 9.37 11.6 -19.2 
0.99 x w-6 2.25 X 10-6 0.0050 2.50 9.03 11.6 -22.2 
0.88 X 10-6 2.00 X 10-6 0.0050 2.50 8.69 11.6 -25.1 

Carla 1.21 X 10-6 2.75 X 10-6 0.0030 1.90 9.73 10.0 - 2.7 
Galveston, Texas 1.10 X 10-6 2.50 x w-6 0.0030 1.90 9.33 10.0 - 6.7 

0.99 X 10-6 2.25 X 10-6 0.0030 1.90 8.93 10.0 -10.7 
0.88 X 10-6 2.00 X 10-6 0.0030 1.90 8.52 10.0 -14.8 

Audrey 1.21 X 10-6 2.75 x w-6 0.0030 1.00 9.60 7.9 21.5 
Eugene Island, Louisiana 1.21 X 10-6 2.75 X 10-6 0.0025 1.00 9.67 7.9 22.4 

1.10 X 10-6 2.50 X 10-6 0.0025 1.00 9.10 7.9 15.2 
0.99 X 10-6 2.25 X 10-6 0.0025 1.00 8.52 7.9 7.8 
0.88 X 10-6 2.00 X 10-6 0.0025 1.00 7.92 7.9 0.3 

Camille 1.21 X 10-6 2.75 X 10-6 0.0030 1.20 31.65 20.4 55.1 
Biloxi, Mississippi 1.10 x w-6 2.5o x w-6 0.0030 1.20 27.91 20.4 36.8 

0.99 X 10-6 2.25 X 10-6 0.0030 1.20 26.02 20.4 27.5 
o.88 x w-6 2.oo x w-6 0.0030 1.20 23.86 20.4 17.0 

Carol 1.21 X 10-6 2.75 x w-6 0.0030 1.20 9.14 11.1 1 -17.7 
Narragansett Pier, uo x w-6 2.50 x w-6 0.0030 1.20 8.86 11.1 -20.2 
Rhode Island uo x w-6 2.5o x w-6 0.0030 1.20 8.902 11.1 -19.8 

o.99 x w-6 2.25 x w-6 0.0030 1.20 8.61 11.1 -22.4 
0.88 X 10-6 2.00 X 10-6 0.0030 1.20 8.32 11.1 -25.0 

1. Newport peak value. 
2. Detail bathymetry. 
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a high translational velocity, the interpolated wind values used for the calculation may be 
underestimates of the actual windspeeds. Therefore, the calculated surge may be less than 
what it would have been calculated if the actual wind field was more accurately described. 
The maximum observed surge runup obtained for this site may include some storm-wave 
setup and runup with the surge. However, both the predicted tide and the observed surge 
hydrograph were obtained for the Coasters Island tide gage at Newport, Rhode Island, a site 
inside Narragansett Bay. The observed hydrograph at Newport may reflect frictional and 
restricted entrance effects not representative of the open-coast surge. In addition, the 
hydrograph was not a gage recording, as the gage became inoperative during the storm, but 
the hydrograph is a composite of visual observations and a survey of high water marks. 

Examination of computed hydrographs for historic hurricanes in Figures 39 through 71, 
and of the summary of peak surges and calibration variables given in Table 5, show that best 
results were obtained when the K1 and K2 coefficients in the wind-stress relationship 
were 1.21 X 10-6 and 2.75 X 10-6 respectively, and when the bottom friction (K) was 
given values ranging from 0.0025 to 0.003. Based on these results the wind-stress equation 
was given the following numerical form: 

k ~ [1.21 + 2.75 ( l - ~)']10-6 (42) 

This combination of wind stress and bottom friction coefficients gave optimum results with 
the bathystrophic numerical model. Of the two coefficients, the wind-stress coefficient was 
more important and had the most pronounced effect on the final surge computation. Large 
changes in the value of bottom friction coefficient did not appreciably change the final 
estimate of surge, while small changes in wind-stress coefficient produced large changes in 
the surge estimate. The values for K1 and K2 , in the wind-stress relationship obtained 
through the calibration procedure are not appreciably different from those used previously 
with this model, e.g., Reid and Bodine (19613) used values of K1 = 1.1 X 10-6 and 
K2 = 2.5 X 10-6 in the wind-stress equation used in their study of Galveston Bay. The 

I 

form of equation (42) is empirically derived for low windspeeds. It is extrapolated here for 
use at the high windspecds of hurricanes and indicates a nonlinear relation between 
windspeed and wind stress. This may be due to decapitation of the wave tops at higher 
windspeeds, increased turbulence, or some other unknown or unmeasurable factors. 

To check on the relationship of the wind stress and windspeed using the coefficients 
given above, the following test was applied. Using the parameters of the probable maximum 
hurricane (PMH), (p 

0 
= 26.7 inches of mercury, p n = 31.25 inches of mercury, R = 24 

nautical miles, vt = 20 knots, and umax = 149.8 miles per hour) windspeeds and 
pressure were calculated along the hurricane's prime vector for increasing integer distance 
intervals of the ratio, r/R. Utilizing these data, the wind-stress equation was solved and 
values of wind-stress coefficient were tabulated (Table 6). A plot was prepared to show the 
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Table 6. Change in the Wind-Stress Coefficient with Windspeed and Pressure. 

r/R Windspeed, W Atmospheric Pressure, p Wind-Stress Coefficient, k 
(miles per hour) (inches of mercury) 

1 149.9 28.4 3.40 X 10-6 

2 137.9 29.5 3.36 X 10-6 

3 100.0 30.0 3.15 X 10-6 

4 86.6 30.2 3.04 X 10-6 

5 76.4 30.4 2.93 X 10-6 

6 68.2 30.6 2.82 X 10-6 

7 60.6 30.6 2.70 X 10-6 

8 53.7 30.7 2.57 X 10-6 

9 48.0 30.8 2.43 X 10-6 

10 43.0 30.8 2.29 X 10-6 

12 34.8 30.9 2.01 X 10-6 

14 28.9 30.9 1.76 X 10-6 

16 24.3 31.0 1.53 X 10-6 

18 20.5 31.0 1.34 X 10-6 

20 16.9 31.0 1.22 X 10-6 

22 13.8 31.0 1.21 X 10-6 

Wind-Stress Equation: k = 1.21 X 10-6 + 2.75 X (I 16)' 10-6 1- w 

Atmospheric pressure Equation: p = p + p = p ) c-R/r o n o 
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change of the wind-stress coefficients with increasing windspecds (Fig. 72). As shown in the 
figure, at higher windspceds the wind-stress coefficient increases but at a slower rate than at 
lower speeds. 

VI. DESIGN STORM WIND FIELD REDUCTION 

The meteorological considerations leading to development of wind field data for 
synthetic hurricanes such as the SPH and the PMH, have been discussed by Myers (1954 ), 
Graham and Nunn (1959) and U.S. Weather Bureau (HUR 7-97, 1968). Definitions of 
design storms have been given previously in this report. The development of model winds 
and pressure fields of hurricanes along the lines presented by Myers is summarized in the 
Shore Protection Manual (U.S. Army, Corps of Engineers, Coastal Engineering Research 
Center, 1973). 

The numerical model used in this study is capable of developing internally the wind 
velocity field of a synthetic hurricane, and of using this data for surge calculations. The 
methodology of wind data reduction and pressure field development for synthetic 
hurricanes are included as an example. The hurricane pressure field can be obtained by the 
following equation: 

p Po -R/r = e ' (43) 
Pn Po 

where, 

p = pressure anywhere in the storm system, 

Po = pressure at center of storm, 

Pn = pressure at the periphery of the storm, 
r = the radial distance from the storm center to 

the computation point on the traverse line, 

and 

R = radius to maximum winds. 

Equation (43) is the model's radial profile of sea level pressure developed empirically from 
hurricane data in Schloemer (1954). Another form of equation (43) used in this model is: 

_ _ ( _ ) ( _ · -R/r) Pn P - Pn Po 1 e • (44) 

The same equation can be used for estimating the pressure setup, SD.p, contribution to the 
surge with the following equation: 

S - 1 14 ( - ( - -Rfr) D.p - . Pn Po, 1 e ' (45) 
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where 1.14 is a conversion constant changing pressure in inches of mercury to feet of setup, 
accounting also for density effects. 

The maximum _gradient windspeed (Umax), the maximum wind (UR) in the belt of 
maximum winds, and the windspecd (U) anywhere along a computational traverse, can be 
determined by the following equations: 

Umax = K(Pn- Po) Y2 - R (0.576 f), 

UR = 0.365 Umax + 0.576 V F 1 

where 

and 

umax 

UR 

K 

Pn 
Po 

p 
R 
f 
¢ 

w 

Vp 
uo 

€ 

0.576 

= 

= 

= 

= 
= 
= 

= 
= 
= 
= 
= 
= 

= 
= 

maximum gradient windspeed in miles per hour for a symmetical, 
synthetic hurricane, 

maximum windspeed at the radius to maximum winds (R) given in miles 
per hour, 30 feet above the water, 

empirical con~tant; units are miles per hour per inches of mercuryY2 

(a function of latitude for the PMH), 

asymptotic pressure (inches of mercury), 

central pressure {inches of mercury), 
pressure at a given location (inches of mercury), 

radius to maximum winds (nautical miles), 
Coriolis parameter = 2w sin ¢, 

north latitude (degrees), 
0.2625 radians per hour, 
forward speed of the storm (knots), 
wind velocity at a given location along the "prime vector." This is a 
function of r and R (see U.S. Weather Bureau, HUR 7-97, 1963), 

the angle between the prime vector and the radius to station location, 

the dimensionless product of 0.5, a f~ndamental factor in equations 
46, 4.7, and 43, and the conversion from nautical to statute miles (1 
nautical mile= 1.1515 statute mile), 

0.365 = dimensionless empirical reduction factor from Umax to UR for all 
zones except zone B where a value of 0.885 is used. 
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Figure 73 shows hurricane zones for the Atlantic and gulf coasts. 
Equations (46) and (47) relate the maximum gradient and sustained winds to the 

hurricane pressure field, the Coriolis force, and the storm's translational velocity or forward 
speed. The wind velocity field for any design (hypothetical) hurricane can be computed and 
graphically constructed by solving the equations given above. However, for both the PMI-1 
and SPI-1, the values of gradient windspeed, Umax' and the maximum sustained 
wind, UR, are given by definition, so for these hurricanes, only equation (48) is solved 
internally to develop the wind field along the traverse. The geometry of a synthetic 
hurricane system for which the wind field is calculated is shown in Figure 74. At any time, 
the hurricane wind field can be depicted as near-symmetrical and characterized by a storm 
center at point 0 and an approximate zero-windspeed isovel. The computational traverse is 
placed by definition through the radius of maximum winds and parallel to the storm track 
indicated by the line ABC (Fig. 74). The storm's track is indicated by line OD 1• The 
hurricane's prime vector, indicated by the line OBE, forms an angle of 115° with the track 
and traverse. The wind field of only a stationary hurricane is symmetrical on both sides of 
this line. The wind field of a moving hurricane is distorted by the forward velocity of the 
storm. The shore-intercept of the traverse indicated by point A, is placed initially at the 
zero-wind isovel, at zero time in the computation. At this time, the theoretical wind 
direction at point A forms a deflection angle of 25° with a line normal to the radius through 
the point. This is the deflection angle 'Y shown in Figure 74 and at this point has a 
maximum value. From geometry shown in the figure it becomes apparent that the wind 
vector e, the angle formed between the traverse and the wind vector, is given by: 

e = e - 25° + 'Y , 

where 'Y = the angle of wind vector deflection, will vary as follows: 

r 
0 ~ - < 1, 'Y will vary from 0° to 10°, 

R 
r 

1 ~ R < 1.2, 'Y will vary from 10° to 25°, 

r o 
1.2 ~ R , the 'Y = 25 , 

(49) 

and e = the angle between the prime vector and the line drawn from the storm center to any 
point on the traverse. 

The storm is not stationary, and as it moves towards the coast, the windspeeds may 
increase and wind vectors will change direction for the shore-intercept point and all other 
points on the traverse. However, windspeeds are adjusted to account for frictional effects of 
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Standard Project Hurricane 
Parameters 

Zone U.S. Weather Bureau 
Memorandum No. 

I. Hur. 7-48 
2. Hur .. 7 -49 
3. Hur. 7-43 
4. 
A. Hur. 7-50 
8. Hur. 7-42 
c. Hur. 7-45 

Zone limits 50 miles -/ 
inland and 150miles r 

/ 
I offshore. 
I ______ , 

\ ) 
l I 

\ I 
\ LA. \--
1 

TEXAS 

Figtire 73. Atlantic and gulf coasts-hurricane zones (U.S. Army, Corps of Engineers, 
Coastal Engineering Research Center, 1973 ). 
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land within 2 nautical miles of the shore; windspecds are multiplied by a filling factor which 
varies linearly from 1.00 at 2 nautical miles to 0.89 at the shore. The maximum windspccd 
is experienced at the shore-intercept of the traverse when point B along the prime vector has 
moved to position A (Fig. 74). Similarly, the direction of wind~ along the traverse change as 
the hurricane moves shoreward. Following passage of the hurricane, the winds decrease, and 
wind vectors reverse direction. 

Windspeeds and directions are obtained for the traverse and extension of the 
traverse, BC. Considering the geometry of the system and the equations given earlier, the 
model develops the complete wind field of a synthetic hurricane. Characteristics of a 
hypothetical hurricane developed internally by the computer program are shown graphically 
in Figure 75. 

The following input parameters arc assigned to the hypothetical hurricane: radius of 
maximum winds, forward speed of the storm, asymptotic pressure, central pressure, 
maximum windspeed at R, latitude of traverse line at the shore, initial rise, astronomical 
tide (constant), hurricane zone, and bottom profile data. With these parameters, the 
program computes the wind profile along the prime vector as a function of the radius of 
maximum wind and then the wind profile and wind vector angle (wind field) along the 
traverse line as a function of forward speed. The windspeed is also corrected for filling 
within 2 nautical miles of shore. The internal computer calculations are in accordance with 
procedures described in HUR 7-79. 

VII. SUMMARY AND CONCLUSIONS 
The prediction of storm surge resulting from the combined meteorologic, oceanic, and 

astronomic effects coincident with the arrival of a hurricane at the coast is important .in 
planning and the design of coastal structures. Increasing requirements for large coastal 
installations, such as nuclear powerplants and superport terminals, have required 
conservative criteria in obtaining estimates of potential storm surges. The present capability 
for prediction of hurricane surge is based primarily on the use of analytic and numerical 
models, none of which have been adequately verified. This study was undertaken for the 
purpose of further verifying a numerical model of hurricane surge prediction using data of 
historical hurricanes at selected traverses of the Gulf of Mexico and the Atlantic Coast. The 
numerical model used in this report is based on the Bathystrophic Storm Tide Theory and 
used to estimate the rise of water on the open coast by taking in to account the combined 
effects of direct onshore and alongsho~e wind-stress components on the water surface and 
the effects of the Coriolis force to integrate numerically the one-dimensional hydrodynamic 
equations of motion and continuity. 

Verification was achieved empirically in the model by varying the values of coefficients 
in the wind stress relationship and bottom friction. Surge hydrographs were calculated and 
compared with the observed or recorded surge hydrographs of the following hurricanes and 
traverses: (a) Hurricane of 1949 at Galveston and Freeport, Texas; (b) Hurricane Carla at 
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Galveston and Freeport, Texas; (c) Hurricane Audrey at Eugene Island, Louisiana; (d) 
Hurricane Camille at Biloxi, Mississippi; and (e) Hurricane Carol at Narragansett Pier, Rhode 
Island. 

The calibration of the coefficients and verification of the numerical model was somewhat 
limited by the q~antity and quality of the historical hurricane data available. Only the 
Galveston traverse for Hurricane Carla and the Eugene Island traverse for Hurricane Audrey 
were satisfactory open-coast locations. Of the two traverses, the Galveston traverse provided 
the best data for calibration. The computed hydrograph for the Galveston traverse satisfied 
the best-fit condition, while a fair degree of correlation was obtained for the Freeport 
traverse with data from Hurricane Carla and the Hurricane of 1949. Poor correlation at 
other traverses with the other hurricanes is attributed to lack of sufficient data and to a 
deficiency of the numerical model. Where both hurricane wind and hydrographic data were 
of fair or good quality, and where the condition of open coast was met (Hurricane Carla at 
Galveston), the model reproduced the recorded historical surges satisfactorily. 

The best results were obtained when the coefficients K1 and K2 in th'e wind stress 
relationship were set equal to 1.21 X 10-6 , and 2.75 X 10-6 respectively, when bottom 
friction ranged from 0.0025 to 0.003, and when the wind-stress equation was given the 
following numerical form: 

K ~ r.21 + 2.75 (1 - ~n 10-'. 
These results indicate that the numerical model can be used for estimating realistically 

the values of surges from both actual and synthetic hurricanes. However, certain parameters 
used in the calculations, such as initial rise, wind stress, and bottom friction, and their 
interrelationships cannot be adequately determined at the present time. The reasons are the 
followi~J.g: 

a. No standardized method exists for measuring the values of initial rises associated with 
historic hurricanes from tide gage records. Such initial rises app~ar to occur independently 
of hurricanes. 

b. It is generally believed that bottom friction as used in the hurricane surge 
computations, is a function of depth and offshore bottom topography. No specific method 
exists for determining a value of bottom friction coefficient for use in the model which is 
not dependent on other factors. 

c. Bottom friction and wind stress are combined in the numerical computation of 
hurricane surge. However, accurate determination of wind stress is not presently possible; 
The . magnitude of wind-stress coefficient has been determined empirically with actual 
storms having windspeeds of less than 90 miles per hour. Extrapolation of the wind stress 
relationship, as determined from lower windspeeds, to extreme probable maximum 
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conditions may be introducing an error. There is a basis for suggesting that the wind stress 
magnitude at high windspeeds may be lower than that obtained by extrapolation. 
Decapitation of the wave tops at high speeds may be the mechanism responsible for lower 
wind stress values. Correlation of the hurricanes at all traverses was difficult to. obtain 
because of the complexity of the problem, data limitations, the variability and the unknown 
relationship between wind and bottom stress coefficients, of the factors entering the 
calibration process. Reliable ,results obtained with a part of the historical data, support 
the conclusions that the quasi-two-dimensional bathystrophic storm surge model can be 
reasonably applied to synthetic hurricane problems; also, the combined values of wind stress 
and bottom friction coefficients of the bathystrophic numerical model which were obtained 
through calibration are conservative. However, the results of this study indicated a 
combination of wind stress and bottom friction coefficients which should be used with the 
model. Because of the coupled nature of wind stress and bottom friction coefficients, the 
results of the study did not conclusively determine individual values of these parameters 
which can be extrapolated to PMH conditions ;tt locations where no historical records exist. 
Therefore, it is recommended that the most conservative estimates of each parameter be 
used in the model for computing surges of synthetic hurricanes required for the design of 
coastal structures; and when additional data becomes available on future hurricanes, further 
testing and verification of the model be undertaken. 
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APPENDIX A. COMPUTER PROGRAM DOCUMENTATION 

APPENDIX A-1. FLOW CHARTS FOR ACTUAL HURRICANES 

Read Parameters, 
Bathymetric Profile 

and 
Wind Dolo 

NO 

Compute Wind Stress 
and 

Other Intermediate 
Computations 

Compute Surge Using 
Basic Equations 

NO 

YES 
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Compute Angle 
AB 

Compute r Using 
Low of Cosines 



APPENDIX A-1. FLOW CHARTS FOR HYPOTHETICAL HURRICANES 

Read Parameters 
Describing Type of 

Input Doto and Number 
of Parameter Sets 

I DATA : 4 

Read Wind Profile 
Do to from Cords 

Write Wind Profile 
Doto on Disk Storage 

NO 

NO 

The following input parameters are assigned to the hypothetical 
hurricane: radius of maximum winds, forward speed of the 
storm, asymptotic pressure, central pressure, maximum wind-
speed at R, latitude of traverse line at the shore, initial rise, 
astronomical tide (constant), hurricane zone, and bottom profile 
data. With these parameters, the program computes the wind 
profile along the prime vector as a function qf the radius of 
maximum wind and then the wind profile and wind vector angle 
(wind field) along the traverse line as a function of forward 
speed. The windspeed is also corrected for filling within 
2 nautical miles of shore. The internal computer calculations are 
in accordance with procedures described in HUR 7-79. 

I DATA : 0 

I READ (2): FINAL 

Read Parameters 
and 

Bathymetric Profile 

NO 
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IDATA=4 
YES 

Read Interpolated 
Relative Velocity- Radius 

Profile of Hurricane 
of Radius R 

NO KEYA=O 

Using Input Doto Generate 
Values of r,w and 9 

for 
Each Time Interval 

Compute Hurricane 
Surge 

NO 

Search Profile Data 
for Bracketing Radii 

'for Interpolation 

Construct Interpolated 
Relative Velocity-Radius 

Profile of Hurricane 
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of Radius R 

Generate Values of 
r, w, 9, Pressure 



APPENDIX A-2. PROGRAM LISTINGS FOR ACTUAL HURRICANES 

P~DGRA~ 6URGEA(!NPUTonuTPUToTAPf5aiNPUToT&Pfb10UTPUToTAPE~CioTAPEl8SGAOOIOn 
Z) SGAOOI50 

C******'********** ADPO FILE IDENTIFICATION ****************************SGAOO~OO 
C 752XbQ!7GO (SURGEA) COMPUTES STORM SURGE B¥ BATHVSTROPI<IC M~THDO SGA00300 

'5 C fACTUAL ~<URR!CANFSl &GAOOUOO 
C SGA00500 
c •••••••••••••••••••••••••••~••••••••••••••••••••••••••••••••••••••sr.Aoo~:>oo 
c scaro7oo 
C QUASI•TWO•DIMENS!ONAL OPfN COAST STORM SU~GE PROGRAM SGAOO~OO 

I 0 C 5GA00'100 
C NOTATION U~lD4 5GAC!OOO 
C A~ 1 CALCULATln AN~Lf R~TwfEN THf TRAVPRSl &NO INITIAL STORM SGAO!IOO 
C CfNH~ LIN~ (R~(I)) sr.AO!i'OO 
C AHOIIR 1 VAkHBLE UstO TO ~STAfiLISI-4 STIJRM TIMl, SG&0\300 

1'5 C ALPHA • All~UTH Of THf TkAVfRSl '(OtGRE(S) SGAOIUOO 
C AN 1 I~TfR~fDIATf VAIUf OF W!NO STRESS AND SETUP ~OR X•CDMPON~NT,SGA0!'500 
C REAR E ~fA~!NG 0' TRAV~RSE IN DfGR~~S, DOES NOT fNTf~ eOMPUTAT!ONS,5GAOib00 
C BfTAO a AZI~UT~ 0' TMf STOR~ CtNTfR LINE (RS(1)) !DEGREES) 5GA01700 
C B~f 1 80TTO~ f~ICTinN fACTO~, SGA0!800 

i!O C A~ 1 INTtRM~OitT£ V&LUf Of ~!NO STRfSS AND SfTUP ~OR,VwCOMPONtNToSGAOiqOO 
C ~p 1 AN ARRAY ~SfO T~ STORf SUC~SSIVE VALUES OF BN, SGAoznoo 
C tlY e AA$0LliTE VALUf Of tlN, SGA021 00 
CC!oC?oC3 a DtMfNStn~ CORRfCTtON FACTOQS 1 SGA02200 

i!'S 
C D • O~PTH BELnw MEAN WaT~R LEVEL IN FflT 1 SGA02300 
C nASQ c TOTAL ~ATfR DFPTH SQUARED AT EACH T!Mf ~EYEL, SGA02UOO 
C OAVG E AVtRAGl 8nTTOM ntPTH AT tACH Tl~E LEVFL, SGA02500 
C DELT • TtMf INCREMENTS IN HOIIHS 1 SGA02b00 
C nEI S~N I !'ICR~'<ENTAL X..Cn~P SUUP IN fnT, SGA02700 
C DELSYN I INCReMENTAL YwCOMP SETUP IN fElT, SGA02~00 

lO C O~N • !NTfRMfD!ATf COMPUTATION FOR OlNDM1NATOR OF FLUX !QUATION SGAOZ~OO 
C AT fACH TfMf I EVEL SGA03000 
C nt5T • O!STANCf FRO~ COAST IN N,H, SGA03100 
C DISTil) l'ID OfPTH(I) ARE f&RT~~ST POI~TS FROM SHORE ~!TH SGAn3lOO 
C SUCF~SIVE VAL1Jl5 HKHJ SHORfwARO Of THCH POINTS SGAn:Bon 
C DTH a TOTAL WAT~R D~PTH AT EACH T!Mf LEV~L fFE[T)o SGAnlUOO 
C DT~ 1 l~TEPM~D!AT~ ~OMPUTAT!ON OF ~ATfR DfPTH SGA03500 
C DTS 1 lNTERMtDIATE eOMPUTATID'I Of TnTAL ~ATFR DEPTH COT~) SGA03b00 
C !CHlC~ 1 SENT!'IEL USfD Tn IND!CATl lRRORS, 5GA01700 
C IO • ll'lENT!FIE!\·T'vPE Of DATA ON CARD Sr.An31100 

uo C IOMITD 1 PRINT OPTION PA~AMlTER (OfSCRt~ED IN nETAIL W~EN RlffR~NCEO)SGAOl'IOO 
C !OMIT • PRINT OPTION PARAMlTtR (DfSCRIH£0 lN DETAIL WH~N REFlRENCEDlSGAO~nOO 
C !S~IP 1 PRINT QPTIO'I SGAOUIOO 
C 1TVPl 1 THE fiRST 3 L~TTfRS OF THE ~URRICANE NAME, SGAOU200 
C LM • MAX, NO, Of SHtLF REACHES (LIMIT Of 50) SGAOU~OO 

us C NM a M&X, NO, n~ T!Mf INCHEMENTS (LIMIT 0~ 50) SGAOUUOO 
C NN • CARD NUH~F.R Rf.AD FROM CAHO SGAnU500 
C PHI • GFOGRAPHICAL LATITUDl 1N nrGREES GIVrN ~y PMli, SGAOUbOO 
C PHil I GEOGRAPHICAL LATITUDE IN DEGRfl5 SUPPLifO AS INPUT SGAOU700 
t PI c 3,\UI~q SGAOU800 

'50 C PN • PFRIPHlRAL PRfSSUE IN INCHES Or HG, SGAOU'IOO 
C PO 1 CENTRAL PRESSURE INCHES 0~ HG, SGA05000 
C H 1 RADIUS OF MAX, ~!NOS IN N,M, SGAn5tOO 
C RS • HAD!! MfASURES ~ROM STORM CENT~R TO POINT ON TRAVERSE !N NMo8GA05200 
C RS(I) I DISTANCE (N,M,) FROM $TORM CENTER TO SHORf lNT~RSFCT!ON OF SG&05300 

55 C THE TRAVlRSE SG~O!'>UOO 
C SA I SFTUP DUE TO ASTRONOM!CA~ fORCES IN ~~ET, SG~05500 
C SAP I OLD VALUE 0~ A8TR0NOM!CAL TID~ SGAOS•oo 
C St I INITIAL SfTUP IN fEET, SGA0~700 
C SINP~I I S!~f OF GEOGRAPHICAL LATITUDf 5GA0~800 
C SP I Sf'TliP OU~ TO PRf'SSUR~ IN nn, SGAn5'100 
C SP~ a PR~SSUR~ SETUP AT NfW TtMf LEVEL, SGAObOOO 
C SPP I PRESSURE SlTUP AT PRtVlOUS TIM~ LEVEL, SGAObiOO 
C SPRfS ~ SIJCfS!\IVE VALUfS OF PRlSSUHf StTUP AT lACM TIMf LEVEL SGAOb~OO 
C ST I SIICESSIVE VALIIlS o~· TOTA~ SURGE ALONG TRAVERSE LINE SGAOblOO 

1>5 C STOT • VALUE OF TOTAL SURGE AT SHORt fOR EACH TIME LfVE~ 1 SGAObQOO 
C SUMSX • SLICHS!VE VALliE~ OF X•COMPONE11T OF SURG~ ALONG TRAV!R~E SGA0b'500 
C LINE . SGAObbOO 
C 5\JMS¥ • SIICf SS!VE VALliE~ OF v .. COMPONENT OF SURGE ALONG TRAVERSE SGAOb700 
C LINF SGAOI>BOO 

70 C Sw a SIJCfSS1Vt VALliES ~~ SIJMSX + SUMS¥ ALONG TRAYER5f LINE SGAO~~OO 
C s;.~ e Sl1Cf55IVE VALIIES M sw FOR fACH T!MF LEVEL AT SHORE SGA07000 
C SX 1 TOTAL X•CnMP SETUP AT SHORl IN FEET, SGAOTIOO 
C SXP • SJinSS!VE VALIIES OF SUMSX SGA07i!OO 
C SY & TOTA~ Y•CnMP srTUP AT SHORE !'I ~EfT, SGA07100 

7'5 C SVP • SUCfSS!Vl VALUES OF 5UMSY ~GA07UOO 
C T • ANGL~ ~lASUREn FROM TH~ PnSTIVf X•AXIS COUNTER CLOC~WtS~ TO SGA07~00 
C T~f ~INn VtcTnRo(THFTA), SGA07b00 
C V~ • FnR~A~O SP~fD OF STORM IN KNOTSo 5GA07700 
C V~o V'INo VNTESTo VP AND VS RE,ER TO Y"CO~PONENT O' VOLUME TRANSPORT SGAn7600 
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100 

110 

ll'i 

120 

12'5 

130 

IUO 

14'5 

15'5 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
10 
c 
c 

VN • SliCfS~!Ve V~LIIES OF FLUX ALONG TRAVfRS[ I.TNE SGA07q00 
VNN ~ ARSOLUTf VALUF OF FLUX SGAOBOOO 

VNTEST = CHECK QN VALUF n~ ~LUX SGA~6100 
VP s FLUX ~T PREVInUS TIM£ LEVfL SGAn8200 
VS = hFLIIX CFT*FTISfC) SGAn8300 

w a •TND SPffn IN ~PH, SGA08UOO 
WK • VAN DORNS •INn STRtSS ~ACTOR, SGA~8500 

~KCOR a CORR~CT!ON FACTOR FO~ WI~D STRESS COEFftC![NT 1 SGA06b00 
wSQ a WTNn (W) S~UARrn SGAOeTOO 
wWX • w • W • CnSCT~lTA) IN MPH SQ, SGA~eeoo 
wwv ~ w * ~ * SIN(T~ETA) IN MPH. SQ, SGAneqoo 

WX s ~1AXH111M wiND SPEfD (MPH), SGA09000 
DI~ENSIO~ SPC~O)IwwXC~Oll~wY('50)1WK(~0)10(50l1DIST(50)tR5(5n)t SGA09100 

? W('iO) 1 A(20) tSA(200)t!HLT(200) ,PHI (50) 1TI'SO) t0AVG('50) ID~I.M('!!O) 1 SCA09~00 
3 5XC200)1SV(200)1SWW(200)1SPRf.SC200)tSTOTC200)1SINPHtC50)tSWP(l00)SGA09300 
UISYPCIOO)ISPPC!00)1VP(l00)oBP(l00) SCA09UOO 

DIMENSION VX(20n0)1REAR(2) SCA09500 
DATA Cl1CZ1Cl /203,,10boiSZ80,/ SGA09b00 

RlAO STORM IOENTI~!CATTON T!T~P.t SGA09100 
READ (SolO) (A(I)II•loZOl SGA09800 
~ORMAT (20A4) SCAQ9900 

REAO PARAMETERS AND C~EC~ IDENTifiCATION DATA, SGAIOOOO 

C*UNOTE, lllE~TlFICAT.ION r'IATA IS CHECKED ON EACH DATA CARD TO 
SGA!OIOO 
SGA!0200 
SGA!0300 
SGAIOUOO 
SGA!0500 
SGA\0600 

C AVOtD MISRtAOING INPUT DATA, 
c 
20 
c 
c 
30 
c 
c 
410 

50 

bO 

70 

80 

c qo 
c 
c 

100 

c 
II 0 

)i'O 

c 
c 

RFAr'l CS1Zn) NMILMII~K!PIIOMITt!OMITDtiO 
FOR~AT C5151!>0XIA5) 
FLAG IS sn 
!CHECK•O 

CH~CK FOR fXCE~DfD DIMENSIONS, 
tf (~M•200) l01l01Un 
I' CL.M•50l qo,qoluo 

SGAIOTOO 
SGAtoeoo 
SGA!O'lOO 
SGAtlDOO 
SGAIIIOO 
SGAIIZDO 

ERROR ~ESSAGF 01 WRITTlN SGAIISOO 
wRITl (~1710) 6CA!IUOR 
fRROR~2HOI SGAtl500 
!CHf.CK~! Sl.A!IbOO 
wRITl 11>•~0) SGAI!TOO 
FOR~AT !SOX1llHERRQR MFSSAG~1///l SGA!l~OO 
wRITE Cb1hO) FRROR SGA!l900 
~ORMAT CIX1b~E~ROR 1A21/l SGA\2000 
wRIT! (6170) SCAI2100 
~ORMAT C/olX188H SEE FRROR TA8L.f I~ CFRC TM TITLE VERiriCATiON STUSGA\2200 

20V n~ A BATHVSTROPIC STORM SURGE MOOlL/) SGA!2l00 
WRlTt Cb1~0) NMoLM SCAIZUOO 
~ORMAT CIH lb6H~~X, NO, OF TIME INCRlMFNTS s 200 ~AX, NO, OF SSGA\2500 

?HfLF PlACHlS • 501//lbOH THF VALUE OF TIME JNCR(MfNTS OR SHfl.r REASGA!2b00 
'CHlS WAS TOO lARGf1//1UlH YOUR VALUE FOR TIME !NCREMENTS!NM) WAS •SGAI2700 
U1!~1/1l9H YOUR VAI.Uf FoR SHEL.~ RlACHES(LM) WAS •1IS) SGA!~AOO 

wRITl Cbl730) SGA!2900 

I' CtD,FY,5HPAR I) GO TO 110 
SGA!3000 
SGA!HOO 
SGA!3i'OO 

fRROR MfSSAG[ 02 WRITTlN 
Illhl 
~RIH (bo730) 
fRRIJRai?H02 
~Rln Cb1'SOl 
wRITE (f>tbO) rRROR 
wRITf (ho70l 
~RITf (bo!OO) IDtlD~ 
FORMAT (i?3H ID I~ ERRO~ 

21) 
WR1H (h11lO) 

lCHt'CK•I 
LMM.LM .. t 
PI•3.!UI'>q 

SGAIHOO 
SGAI1400 
SGA!l'iOO 
SGA!li>OO 
SGA1l700 
SGA\11100 
SGA!lqOO 
SG~IUOOO 

• ID GIV~N11XtA5t/ti&M tO IHOULD BE PAR tlSGA\4100 
SGAI~200 
St:AIU300 
SGAI4400 
SGA!U"iOO 
SGA!4b00 

REAO C~ol20) PHTI1ITYPltBfAR1ID 
FORMAT (10X1~10,2127XIA11lA5ti'!!WtA5l 
IF CIO,FCl,SHPAR 2) GO TO 130 

SGA\4700 
SGA!UI\00 
SGA!U900 
SGAI5000 
SGA\5100 

tRRO~ ~ESSAGE 02 WRITTEN 
1Dh2 
WRITE (bo730) 
tRROR•2HO?. 
wRITf (lu50) 
WRIH (f>ot.Ol FRROR 
WRlH (1>170) 
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SGA!5200 
SGA!5300 
scapsuon 
SGA!S~OO 
SGAI!ibOO 
SGA1!>700 
SGA!'>600 



111'!1 

170 

175 

160 

185 

1?00 

20'i 

210 

21'5 

2]0 

c 
w~ITf (boiOO) lDtlOA 
wRIH (bo730l 

ICMfCK•t 
110 00 IUO t•loLM 
140 PMICII•PHII 

RfAO C~oiSO) RtPOtPNtVFt5EtWKCORtiD 
150 FORMAT (5F7,2o21Xtf7,2ti2XtA5) 

IF CIO,EQ,o;HPAR 3) r,O TO 1110 
c 
C tRROR Ml5SAGE 0?. wRITTEN 

c 

IOh3 
wlliH (l>t7l0) 
fRRQR•i?H02 
~Ill Tf (l>ot,O l 
WR!Tl (nobO) lRROR 
wR!Tl (&o70) 
oRlTf (boiOOl lOoiOA 
ioiRlH (bo730) 

lCHfCK•t 
C READ ~AXIHUM wiND VELOCITY AND BOTTOM ~RICTION FACTOR, 
1&0 READ C5ol70) wXoHfFoiD 
170 FCRMAT C2F7oltb!XtA~) 

IF CIO,EQ,5HPAR 4) r.o TO 160 
c 
C ERROR ~ESSAGl 0~ WRITT~N 

c 

IDhU 
•RlTf Clto730) 
tRRQII8eHO? 
WRIH (l.t'50l 
~RITE Clto&OI ERROR 
wRlH C&o70l 
•lllTl (&otOn) lDolOA 
oRIH Ci>t750) 

lCt<EC~at 
C READ OtSTANCf VALUES A~O CHECK IOENTI'ICATION DATA, 
160 NC•t 

IH•t 
1110 IE•!H+~ 

IF (!f,r.E,LM) lfaLM 
RfAD C5o240l IDoNNoCO!ST(LloL•IBti~l 
IF (IO,[Q,bHOlST ,AND 1 NN,l~oNCl GO TO 210 

c 
C LRR~R M!SSAGt 01 wRITT~N 

•Riff" (l>oBO) 
tRRr)Ra2H01 
w~ITE (&o'iOl 
WRITE (ltoi>O) fRROR 
wRIH (~o70l 
WR!Tf (~o200) tn 1 NN 

lOO FO~MAT !21H ID IN FRAOR ' In GlVlNtl.oA~tltlO~ !D SHOULD BE D!ST 
2ol2HCARn ~UMHER ol5l 
~RITE Cbo730l 

c 
ICHf.CKzq 

liO Ir czr;r.E,LM) Gn TO 220 
IFI•!B+b 
NC .. JC+ I 
GO TO 1'10 

C READ DtPTH VALUES AND CH~C~ InlNT!CAT!ON DATA, 
li!O Ifl•l 

NC•I 
230 If•Ih•!; 

IF Ctr,Gf,LM) lf•LM 
READ C5o2UOl IOo~No(O(LloL•IBtlFl 

240 ,ORMAT (AbtUXtl5oSXobrt0 1 2) 
1~ C!D,EQ,bHDfPTH ,AND 1 NNof0 1 NCl GO TO 21>0 

c 
C ERROR M[55AGf OU WRITTlN 

WR.lTE (l.o730) 
f~HQfiZ2HOij 

w~IH (l>o50l 
wRIT£ (~obOl £RROR 
•RlTl (/,o70) 
•RlTf (~t2SO) !DoNN 

2~0 fORMAT C2lH 10 IN tRROR * I~ G!VENt!XoAbtlo?.O~ ID SHOULD SE D~PTH 
?o12HCARn NUMHER ol5l 

wRITE Cnt730) 
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SGAIS'IOO 
SGAII>OOO 
SGA!I>IOO 
SGA!UOO 
SGA!UOO 
SGAti>GOn 
SGA!j,'!IQO 
SGAII>I>OO 
SGA!b700 
sGAt~>eoo 
SGA!I>'IOO 
SGA 11000 
SGAI7100 
SGA17200 
SGA!7300 
SGAI7UOO 
SGAI7500 
5GAI7bOO 
SGAt7700 
5GA!7800 
SGAI7'100 
SGAI6000 
SGA18100 
SGA!6200 
SGAI8100 
SliAIIlUOO 
sc·A s esoo 
SGAI61>00 
SGA\8700 
SGAI8~00 
SGAI6'100 
SGA!IIOOO 
sr.Atlltoo 
SGA! '1~00 
SGA1'1300 
SGA\'1400 
SGA\11500 
SGA\'11>00 
SGA\11700 
5Gq'1MO 
SGA\'1'100 
SGA20000 
SGA?0\00 
SGA?Oi!OO 
SGA~OlOO 
SGAi!OUOO 
SGA20':!00 
SGAi'OI>OO 
SGAi'0700 
SGA20600 
SGA?.O'IOO 
3GAi!IOOO 
SGAi!l\00 
SGAi!l20~ 
SGA~IlOO 
SGAi!IIIOO 
5GA2t'!OO 
SGAI'!IIOO 
SGA2!700 
SGAi!!llOO 
S(;A?!'IOO 
SC:A?.2000 
sr.•nt oo 
sr.Auzoo 
SGAi!i!lOO 
Sr.A!i!UOO 
SGA<'i!'!IOO 
SGAi!i!bOO 
SGAU700 
6GA?ci!OO 
sr.AZ:!IIOO 
S\.423000 
SGA?3!00 
SGA23?.00 
5GA2l300 
SGA?.3U00 
SGA23'i00 
SGA23b00 
SG4?.3700 
5GA23fiOO 



C SGA23qOO 
fc~FCKat SGA211000 

2!10 I~ Cl~oGl,LM) GO TO Z70 sr.A?.IIIOO 
ta•tH•b SGA?U200 
Nr.aNC•I sr.Ai!UlOO 
r.o TO 2'0 sr.•zuuoo 

c sGA?.u~oo 
C SGA2Ub00 
270 R~•I~n ~8 SGA2U700 
C INITIALIZE S~NTINfL JTPP ANO I~O~X VARIABLE NTP SGA?.ueoo 

!TPPaO SGA?.uqoo 
NTP•L"tl SGA?.SOOO 
OO.~qO N:toNM SGA2S100 

C R~An TlMf INCREME~To lSTRO TIOto AZIMUTH TRAV~RSEo AND AZIMUTH RS(l)SGA?.~?.OO 
llHO CSoli'O) tl'lllllo"'NoLXoOf'LT(N) oSA(N) oALPHAot!ETAO SGA2'5300 zss C wHtN !SKIP a I OR 2 QQJG!NAL WINO FllLO INPUT DATA ARE NOT PRtNTEO SGA?SUOO 
1r CISKtP,tQ,\,ORoiSKlP,tG,Zl GO TO lOO SGA?5500 

C PRINT HEAOINGo TI~~ INCRfMtNTo A8TRO TIOto AZIMUTH TRAVfRSfo AND SGA2Sb00 
C AZI"UTH R~Cil SGA?5700 

i!!IO 
•RITE (&o2"0) SGA?.'l800 

2~0 FORMAT C/olbXo7HDfLT(N)oUXo~HSA(NloUXoSHALpHA 0 SXo'SHBETAOo/) SGA?SqOO 
~R!Tt (~,zqn) IHURo~"'•LXoDELT(N)oSACNloALPHAoBETAO SGA?.bOOO zqo fORMAT (IXoA3ol2ol5oUF10,1) SGA2~100 

C C~fCK !DE~T!~!CATtON, SGA?!I200 
JOO IF CIHUR,fG,ITYP~,A~D,~N,E~,Nl GO TO 310 SGA2b,OO 

Z70 

i!1'; 

Z&5 

C SGA2bUOO 
C ID~NT!f!CAT!ON ERROR M~SSAGl 0, WRITTlN SGA?b500 

~RIH (/,o730l SGAi'bbOO 
tRRnR•2~05 SGA?b700 
•RIH (bo50) SGA?.b~OO 
wRITE (~o~Ol FRROR SGAZI>qon 
wRlH (t.o70l SGA?TnOO 
~RITE (l>o,\0) IMURo~~oLX SGAi'7100 
WRlTt (t.olUO) !TYPfoN SGAi'7200 
~RITL (l>o730) SGA27l00 

C SGAP.7UOO 
IC~fCKat SGA27500 

C 5GA27bOO 
C SGA?.7700 
310 00 520 L•loLM SGAi!T~OO 
C R~An RAOI!o MAGNITUDlSo AND ANGLES 'DR WIND ,OR IUBS£QU[NT TtM£8 1 SGA27'00 

RfAO C5oJ20) IHHRoNNoLXoRS(L)oW(LloT(L) SGA28000 
320 'OHMAT (A3ol2ol5oU,tO,I)' SGA28100 
C CHECK IDlNTl~lCATtON OATA, SGA28200 

I' (!MUR,fQ,ITYPE 1 ANO,NN,fQ,N,ANO,LX 0 [Q,Ll GO TO 150 SGA~&!OO 
C SGAZ84100 
C SC:A?8'500 
C IDf~TIIlCA~!ON t~ROR MfSSAGl 0~ •MitTlN SGA28b00 

wRITE. (1,.7 SO) SGA26700 

soo 

105 

110 

115 

ER~ORK2HOS 5GA28~00 
~RITE (~o50l SGA26,00 
~RlTt (boi>O) fRROR SGAZqOOO 
wRIH (~o70l SGA2q100 
~RITt (bdlnl IHURoNNoLXoi<S(Llo~(ll oTCLl SGA?,q?.OO 

330 ~OR~AT (2~XoteHTH!S CARO IN ERRORo2XoAloiZoT~ol'l0 1 1) SGA?q300 
WRIT~ (bo3UO) ITYPEoNoL SGA?quoo 

JUO !ORMA·T (\XoUi!MTHI:.SE VALUES SHOULD AGREE WITH THOSE ABOVfo2XoAltl2oSGA?'1500 
21~) sr.&?qbOO 

WRIH (~o7ln) SGA?q700 
c sG12qeoo 

IC~fCK•t sr.A2qqoo 
C C~lCK I! ~AOf TO ~EE If tRROR! Wf~t tNCOU~TfRfD IN INPUT DATA SGAJOOOO 

IF CIC~ECK,EC,\) GO TO 10'0 SGA30100 
C SGAl0200 
S~O IF (HS(Ll,GT,,00001l r.D TO 510 sr.Al0100 
C SGAlOUOO 
C THE FOLLOWING STFPS prRFOR" l~llRPOLAT!ON OF RS SGA10~00 
C WHtN t~TtRPOLATIO~ PROCEDU~~ FOR RS IS IISfDo ~INn DATA (RSt~tTl SGA30b00 
C MIIST AE. SIIPPL!ED h A•l ORD£R AECHNNING WITH S~ORtWARO MOST POINT SGA30700 
C AND lNO!N~ WITH SfA~ARD ~OST POINT FOR EACH TIME PlAIOD 1 SGA30eOO 
C SGAlOqOO 
C SGAl!OOO 
C TO tnMPUTE RS GIVEN AZIMUTHS IN OlGREtS or THE TRAVERSESGA\1\00 
C A~D AZIMUTH IN OtGRF£5 OF TMl Ll~f CDNN~CTING THf STORM CfNTfR SGAl!lOO 
C TO THE !HORf INT!:.RSFCT!ON 0, THE TRAVlR~E SGA3!300 
C AB• CALCULATFO ANGLf ~tTwEtN TMF TRAVf.RSE AND INITIAL STORM !~A,IUOO 
C CENTER LINE (RSt!ll SGA3!'500 
C ALP~A • AZIMUTH or THE TRAVERS! (Otr.REESl !GA31~00 
C RS(\) • OISTANCE (N,M,) FRQH STORM CENTER TO SHORE t~TERS~CTlON SGA3t100 
C OF THE TRAVER~E SGA3teoo 
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nn 

340 

370 

37'5 

leo 

36") 

C SGAli'IOO 
~ BfTAO a AZIMUTH OF THE STORM CENTfR LINE (RS(I)l COEGREESl SG&32000 

ITPPal SG&l~IOO 
C SGl"'200 
C CHtCK 15 .MA~f TO ~~£ WHAT QU&~RANT ANGLfS ALPHA AND BETAO AR~ SGA32500 
C LOCATlDo ANGLl AR Is CALCULATtD AND CONVlRTfO TO RADIANS, SGA32400 
C T~IS CO~V[RTION IS OO~E ~EC&U~E THE ARGUMfNTS OF TRIG ~UNCTIONI SGA1Z500 
C FOR COMPUTER CALCULATION MUST BE IN RADIANS, SGA32&00 
C 5CAH700 
C SGA32800 

IF CR~T&n,LT,o,nR,&LPHA,LToO;) ~0 TO 'bn SGA32'100 
!F CHETAO,GT,lb0 0 0R,ALPH&,GT,3&0 0 ) GO TO 3&0 SGAllOOO 
GO TO lAO SGA~3100 

C SCA'53200 
c fRRDH MfSSAGf Ob ~R!TTEN SGllllOO 
lbO wRIH (1> 0 130) SGA:HIInO 

ERRQRaZMOb SGA~l~OO 
WR!Tt Cbo&Ol ~RROR SGAllbOO 
WR!H (& 0 10) SGA:B100 
wRITE (bo,70) ALPHAo~ETAO SGA33800 

510 FORMAT C// 0 \XoB'IHTHf AZIMUTMS ALPHA AND BET&O CANNOT eE GRfATrR THSGA33'100 
2AN 3&0 OlGREES OR Bf L[SS THAN 0 DEGREFS!/!30Xo11HALPHA GIVEN WAS 8GA3A000 
3••'10oloZXoi7MBfTAO GtVfN WAS ••~IOoll 8GA34100 
~RlH (~o71nl BGH4i!OO 

C SGA~4JQO 

GO TO IOln 5GA34U00 
380 I~ CALP~A,GT,tan,) r.O TO UlO SGA~U~OO 

IF C~~TAO,GT,'IO,) G~ TO 400 SGA~4b00 
5q0 AAa(AfTAO•ALPHA+IAO,)*Pl/180 1 SGA34100 

GO TO URO SGA34~00 
UOO IF (~fTA0 0 GT 1 ALPHA) GO TO 4!0 SGA\4'100 

GO TO 3QO SG~JSOOO 
410 A~C(ALPHA•8fTAO+IRO,l*PI/180 1 SGA35!00 

GO TO 4AO SGA,~200 
420 IF CAET&o;GT,ALPHA) Gn TO 440 SGA~5l00 

IF (HETAO,GT,IIO,l r.o TO 430 SCAJS400 
IF ((ALPHAwle~oloGT;BFTAO) GO TO 470 SGA\5~00 
&BaCBETAOwALPHA•ISO,l*PI/160 1 SGA,~bOO 
GO TO 4RO SGA35700 

430 IF (~fTAO,LT,\80,) GO TO JQO SGA,~800 
IF C~~TAO,LT,?.7Pol r.n TO Jqo SGA35QOO 

U40 IF CBETAO,GT,270,) GO TO usn SGA3b000 
IF CBfTAO,LT,'IO,) Gn TO 4b0 SGAlbiOO 
r.o To' 410 SGA3&200 

450 BfTA0•8fTAO•I80, SGAJbJOO 
A8a(AlPHA+BETAO~ISO,l*PI/180, SGA3b400 
GO TO 4~0 SGA1b500 

UbO ABa(ALPHA•B~TAO~IRO,l*PIIIBO, SGAJbbOO 
GO TO 4R0 SGA3b100 

470 ABa(&LPHA•BFtAOw\80,)*PII18n, SGA'b~OO 
C T~E EauATION AT STATE~E~T 4ftn IS OF THl ~ASIC ,OR~ SGA3bqoo 
C Ca(AH2+11H2"2 .. UII*COS(CC) >••,'! SGA'\7000 
C SG&31\00 
C LA~ OF CO~l~lS SGA'7200 
C 5GA31300 
480 RS(l l 8 CDI5T(NTP•Ll**2,+RS(Il**2o•2o'DIST(NTP•Ll*RS(Il•COSCABll'* 1 '5SGA,1400 
C w~l~ !SKIP a I OR 2 Cn~PUTATinNAL ANO RELATED lNTfRMlOIATf INPUT SGA37500 
C DATA ARE ~OT PRt~T~O SGA,7h00 

IF CtSKTP,fQ,I,nR,t,KTP,EQ,~) GO TO 510 SGAl1100 
FUD•COSCA8) SGA37A00 
IF fLol~o~l ~RlTt (&ouqO) SGA37~00 

4q0 ~OR~AT C/oi\XolHLo5XoUM01ST,SXo5HRSCllo~XolHFUDoUXo5HRSCLl!1) SGA,8000 
~RITE (bo500l ~TP,L,OIST(NTP"LloRS(\) 0 FUD 0 R~CLl SGAl&\00 

500 FORMAT C2Xo?.l~oUF10,3) SGA,~ZOO 
510 TCL)aPI•TCL)/teo, SGA18JOO 
520 CONTINUE SGA38UOO 
C SGA38500 

IF C!TPP,EQ,Ol GO Tn '550 SGA38bOO 
t SGA38700 
C R~~OROfRS DATA SO ~OST StAWARD POINT ta 'IRST ANO MOST LANDWARD SGA~B~OO 
C POINT IS LAST, SGA38qOO 
C SGAlQOOO 

00 530 Lat oLM SGAH\00 
VX(Ll•RS(L) SGA,q200 
VXC500+L)aw(L) SGAH300 
vXC!OOO+Ll•TCL) SGAJqQOO 

'530 CnNTINUE SGAJq5QO 
C SGAJQbOO 

00 ~QO L•l oi.M IGAH700 
RS(L)•VX(NTP•L) SGA3,&00 
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405 

41'1 

420 

U'5 

11115 

llbO 

1170 

suo 
c 
c 
'!l'JO 

';;70 
c 
seo 
c 
~'10 

c 
c 

c 

c 

bOO 
1!10 

b20 
"'0 

~ILl•VX(5"0tNTP•L\ 
tCL)aVX!1000+NTP•L) 
CONT!'<UE 

~HEN ISKIP • ? WIND FT~LD DATA IN FINAL ~ORM ARr NOT PRINT~O 
tF Ct5KtP;lQ,2) GO TO 580 
on '570 l.•loLM 
LX•L 
I~ CLo~n,t) •~IT! Cho~bO) 
FORMAT C/t1Xo21HACTIIAL INPUT OF R5CL)o5XoUHW(L)obXt4HT(Litl) 
wRIT~ (~o2qO) IHUR,~NoLXoRS(L)oW(LltTCL) 
CONTINUE 

CONT!NUf 

R~•IND :\8 
Rf~tND 'q 
DO &30 ~•loNM 

SGUII'lOO 
5GA40000 
SGA40100 
SGAII020~ 
SGAIIOlOO 
scaaoaon 
SGAII0500 
SGAIIO&OO 
SGAII070n 
SGAIIQI\00 
SGAIIO'IOO 
sc:.a 1 noo 
SGAUI\00 
sc:.ai?.On 
SCAIII'JOO 
SGAIIIIIOO 
SGAIII~OO 
SGAII!bOO 
SGAII1700 
SGAII1800 
SGAIII'IOO 
SGAII;!OOO 
SGAUi!\00 
SGAII2200 

on biD• tclolM SGAII2:\00 
SPCL)zi,III*CPN•P0)*(1 1 0•EXP(•R/RS(LI)I SGAII21100 
WSQoWCLI*•CL) SGAII2500 
wWX(L)cwSQ•COS(T(LII SGA421>00 
wWYCL)DWS~*SfN(TCL)) SGAUi!TOO 

VAN DnRN\S WI~D STRfSS COfFFIClENT IS DfT!RM!Nf0 1 SCAII2600 
I~ C•(L) ,Lf ,1&,n) Gn TO &00 SGAII2'100 
wK(Ll•O,OOOn011+0o000002'5*CioO•IboOiw(Lil•*~ SGAII3000 
GO TO b\0 SGAII3100 
WK(L)zO,onnn011 SGAII3?.00 
C~~T!NUf SGAII3,00 
On ~>2n LL•1oLMM SGAU31100 
wPITt (3'11 WWX(l.L+tloWWX(LLitWWV(LL+IloWWV(LL)oSA(N)oSP(LL+i)tSP(LSGA43~00 

2LloWK(LI) SGAIIl&OO 
CONTINUE SGA11l700 
CO~T!~UE SGAII3600 
w~IH Cboi>IIO) SGAII3'100 

t THE RAS!C TNFO~MATION ~F TH~ STORM P~OHL!M IS wRtTTfN OUT, SGAUIIOOO 
biiO ~llRMAT (1H!o30Xo52H~UASI•TwO•DIM(NSIONAL OPfN COAST STORM SURGl PRSGA411100 

b50 

bbO 

&70 

b~O 

700 
710 

720 

20GRA~///) SGA411200 
WRITE (bolO) (ACilot•1o20) SGAII4~00 
~RIH Cbo~S") SGA441100 
FOR~AT (54Xot0HINPUT OATAt/o511Xo10H·•~·· ••••oil/) SGA411500 
w~lTt (bobbO) ITVPE: SGAUU!IOO 
~ORMAT (/o2'lXt4&HflRST THRlf LETTERS OF HURRICANE NAMf (!TYPE) oA3SGAIIU700 

2tlo7~Xo3H•••//) . 5GA44600 
wRlTl C&ob7~) POoPN 0 RoWXtV~t6EtB~foWKCOR SGA114900 
,ORMAT !&Xt24HCr.NTRAL PRtSSUHE CPO) • trS,2o8H IN, HG,o17Xt27MP~RlSGAu5000 

2PHERAL PRfSSuRE (PN) • .~~.zoe~ IN, HG,//o1Xt2'1MRAD!US TO MAXIMUM 6GAQ5100 
~WINO CH) • oFU 1 1t5H N,M,o28Xo?.OHMAXtMU~ wiNO (WX) • tF5olt7H MI/HRSGA45200 
11 1 ol/t'5Xo2~HTRANSLATTO~ SP~~O (VF )a tF4o\tbH KNOTSt2TXo20HINITIAL SGAQ~300 
~RISf (Sf) • tF11,2o5H FfETo//t1Xo11HAOTTnM FRICTION rACTOR (BFF) • 5GA45400 
btfb,Uo'IXtiiOHWIND STRfSS CORR~CJlON fACTOR (wKCOR) •· tFII,lt/) SGAU5500 

wRIH (l:>o~80) PHlioRUR SGAIIS&OO 
rDRMAT (1Xo2QHGfOGRAPHlCAL LATITUCt(PHlii •oF10o2t2\Xt2bHTRAVfRSt SGAU5700 

28HR!'IG (B~AR) a o2A5o///) SGA45800 
wlllT£ (I,.&Qn) SGAIISQOO 
~OR~AT C40XoaiHHOTTnM PROFILl OVER THf CONTtNfNTAL SHELFo//o46Xo13SGAIIbOOO 
2~DISTA~CE FROMo~Xo5HDEPTHo/o47Xot?.H~HORE: (N,H;)o6XtbH(ff~T)) SGA4b!OO 

DO 710 L•lolM SGAIIb?OO 
~RIT[ (bo100) DTST(L)oOCLl 5GAUb300 
FO~~AT (QQX•F~o2oqX,F5,1) 5GA4bll00 
C~~Tli<Uf . SGA11b500 
•RlTt C~o720l !SKIPoiO~lToiO~ITO SGAIIb~OO 
~ORMAT C//oi0Xo24H!~PUT AND OUTPUT CONTROLo/t10Xt211(1H•lo//o1Xo7Hl5GA4b700 
25Kl~ ~tT5ob7H 0 a ALL WIND FltLD DATA ij(FOR~ AND A~TER INTfRPOLATSGAIIbROO 
'lON IS PRt~TtDo/oi~Xo~THI • WINO FIELD OATA USED FOR 1NTERPOLAT10NSGAII6'100 
a IS NOT PRINTfD/oi5Xt15H2 • ALL WINO FlfLD OATA NOT PRINTfDi/t1Xt7SGAa7nOO 
~HIOH!T ool5!3Xo21HO • OfTAlLEO PRTNT1NGo/o1XoAHIOMITO •ol5t~Xt2bHISGAII7\00 
b 2 SKIP OETAILln PRTNTINGo//l SGAU7200 
~f~ti<D 'Q SGA111300 
Ttlmo,O SGAII7UOO 
IF (lOMITO,fQ,I) GO TO 7'10 SGAII7500 

C H lnf'lJTD NOT fQIJAL It I~PUT CoMPUTATioNAL D4TA PHlNTED OUT, SGAU7b00 
DO 780 N•lo~M SGAU7700 
WRIH (l>o130) SGAII7600 
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'500 

'505 

520 

52'i 

'!130 

5J5 

550 

'555 

710 ~ORMAT (///o!Xo\!'1Mtttttttttttttttttttttttttttttttttttttttttt*ttttSGAU7'100 
2•••••••~••••••••••••••••••••••••••••••••••••••••••••••••••••••••••sGAaenoo 
3tttttt) SGAU8!00 

TTcTtl SGAU6200 
. TlhTl+I'ELTCNl SGAU8100 

wqlTE l&o740) TioT!t SGAU8400 
1UO ~OR~AT 1\Xo/\X\IMTlMl IT) a o~&o2t6XtlbMT%ME CT+DELT) a or&:2o//) SGAU8500 

•RIH ltoo7~0) SGA48&00 
750 ~OR~AT C\0Xo6MoWX(I+l)o7Xo&HWWX(IloTXo8~WWY(l+llt8Xt&Hw~Y(l)o5Xoi\SGA06700 

?HASTRO, TIOEoUXo7HSPII+I)o8Xo~HSPCIIo5XI\HWtND STN£!So/ob7Xt&~C~EESGA46~00 
lT)tQXoUM[FT)oiOXoUHtrT)obXo'IHPARAMfTER 0 //) SGAQ8'100 

on 770 I.L•IoLHM SGAU'IO~O 
~f~n Cl'l) •~XILL+I)owwXCLLloWWY(LL+I)owWVCLL)oSA(~)tSPILL+tloSPCLLSGA4'1\00 

Z)oWK!L Ll . SGAa'I?OO 
wRIT~ (loo7b0) wwX(LL+IIoWWXCLL)oWWY(LL+I)owwYCLL)tiA(N)o8P(LL+lloSSGAU'IlOO 

?PCLL) owK(LL) SGAU'IQOO 
160 FO~MAT CI0XoFT 0 \o8X 0 F7olt7X,F7 0 1o8XoFT,\t7XofU,2ti0Xt~4oZtl0Xt,4o2SGAU'I'500 

2o'5Xof!O,Rl SGAU'I&OO 
770 CONTINUE SGAU'ITOO 
7~0 CONTINUF SGA49800 
C DUMMY CONTINUF SGA4q900 
7'10 tnNTINUf SGA~OnOO 

R~•IND ''~ SGA~0\00 
"R!Tf (bol300) SGAr;Oi!OO 
If CIOMTT,fQ 0 \l GO TO 6?.0 SGA50300 

800 ,ORM~T CIM\l SGAS0400 
~FI!Tf (l>o~\0) SGAr;0500 

810 FOH~AT (54Xti\HOUTPUT OATAilt54Xt\IH~···~· ••••ollll 5GA50&00 
~Rin (l>obbn) ITYPE SGA'50TOO 
•FilT~ (loob70) PnoPNoRoWXoVfo~ftBfftWKCOR S~A50800 
~RIT~ (~oto60) PHIIoREAR SGA,O'IOO 

C DltM14Y CONTINUE SGA5l000 
8i0 CONTINUf IGA~IIOO 

00 ~30 L•ltLMM SGA~llOO 
C f~CR~Mf~TAL ¥•V6LUf5 4~0 AV~, OlPTHB ARl COMPUTlD, SGAr;I}Oe 

DfLXIL)aOISTCLl~DISTILtll SGAS\400 
OAVG(L)s(D(L)+DCL+\))/2,0 SGA51500 

810 CONTJNUf SGA51&00 
DO A40 l=loLM 5GAt;l700 
P~ICLiaiP~ICLI•~Il/t6n,O SGA51eOO 

C THF SINf OF TH~ LAtiTUnl IS fVALUATlD, SGA51900 
SINPHI(Ll•SIN(PHl(Ll) SGA52~00 

640 CONT!NUF SGAr;2\00 
TT!:o,O SGAS2?.00 
DO '170 N•loNM SGAr;2JOO 
tr CIOMTT ,f(l,ll GO TO 1!50 SGA52400 
wRIT! (I,ROO) SGAt;2500 

C DUMMY CONTINUE SGA52b00 
850 CONTINUf SGA52700 

SUMSX•O,O SGAr;2~00 
5'111SV•O,O SGA52'100 
TF (lnHTT ofrl,t) GO TO 670 SGASlOOO 
TI=Til SGA53\00 
Ttl~TI+IHL TCNI SGA53200 
w~IH (bo7a0) TTtTIT SGA5l300 
~FI!Tl l&ollbO) SGA51400 

1160 fORMAT (\X~5HOISToo~Xo5HOfPTHo5XobHO AVG 0 olXo'IHPHES,RISto2Xt!OHASTSGA55500 
?RO,Tt0[o3Xo7HINtTIALor;XobHY•fLUXt~Xo7HON5HOREo4XtiOHALONGSHOR!t2XtSGASlbOO 
J\OHTQTAL ~INDol~o5~TOT~LtltiXoUH(NM)olXo8H(FT,MLWlt2Xo8H(PT,MLW)t4SGA53700 
4Xo4MCFT)o7XoUH(FT)oi>XoiOHLEVELCPTitiXtliH(FT*FT/8fCioiXti0H!fTUP ISGA53800 
II)FT) o?Xol O~SFTIJP (FT) o?.Xo IOHSETUP (F'T) t2XtiOHSURGf (f'TI till 5GA53'100 

C DUM~Y CONTINUE SGA'iUOOO 
670 CO~TINUE SGA~U\00 

DO Q~O L•ltlMM SGA5U~OO 
C STORM SU~GF CO~PUTATIO~S BEGIN, SGA5U100 

READ t3q) ~wx(LtllowwX(L)owWY(L+l)oWWV(L)oSA(N)tSPCL+I)tSP(l)tWK(LSGA5UUOO 
2) SGA54500 
ANawK(~)*(~WX(L)+Ww~(L+I))*WKCQR SGA~4&00 
»N•WK(L)t[wWY(L)+w•VCL+\))*Oo5*WKCOR SG~~u700 
SPN•[SPCLltSP(L+I))/2,0 SGA5U800 
IF (N,N~ 0 1) GO TO 8~0 SGA5QQOO 

C PRDALfM IS !NIALIZ~D FOR flHST TIMf LfVlk 1 SGA'i5000 
SXP(Ll•O,O 5GA'55\00 
SVPILI•n,o SGA~S?OO 
SPP(Ll•SPN SGAS~'OO 
vPcu~o.o SGAS~aoo 
HP(L)~H~ SGA55500 
SAPeSA(~) SGAS~~OO 

880 OTSciJAVr.(LI+S~+SXP(l )+SYf'(L) SGA5~700 
OTNaDTS+SA(N)+S~N SGA55~00 
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5110 

'510 

575 

1100 

1105 

l>i!5 

uo 

U5 

DT~•DTS+((SA(N)+SAP)/2o0)+((8PP(L)+SP~lli!o0l SGA55'100 
OA5Q•(CJ/0TM)**2 . SGA5~nOO 
D~NaBFF•ARS(VP(L))*nfLT(N)*OASQ SGA~I>IOO 
VNe((~N+~P(L)l*D~LTIN)*0 0 ~+VP(L))/!I 0 0+0EN) SGA~b200 
HY•AHS(S~l SGA5b300 
VNTfST•SQRT(HY/(HFF•DASQ)) SGA~bUOO 
V~NeABS(VN) 5GA5b500 

C A CH~CK IS MAOf TO INSUR~ THAT THE ALONGSHOR~ DOFS NOT lXCf[O THf SGA~bi>OO 
C LIMITI~G VALUfo 5GA~b700 

II' CV~T£ST,GT,VNN) GO TO '11.0 SGA'li>IIOO 
tr CVN) 8'10o'l00o'IOO 8GA5 •• 00 

8q0 VNW•VNTfST 5GA5100~ 
GO TO q10 SGA~7100 

900 VNaVNTlST SGA57200 
910 DELSYN•(C2•0~LXCL)+(S!NPHI(L)+SINPH!(L+t)l*VN)/DTN SGA57l00 

OE~SXN•CCI+OELX(L)*AN)/DT~ SGA57UOO 
SUMSX•SUM~X+OFLSXN SGA57500 
SlJt'~y:SIIMSV+O~LSYN SGA57b00 
VS=77U4,0+VN SGA~7700 
5 Ta SA ( N) + SH SliMR X+ 5liMSY + SPN SG At; 78 00 
sw•SUMSX+SUMSY SGA57'100 
JF (JOMJT,lQ,I) GO TO 9UO SGA58000 

C IF !OMIT NOT f.~UAL lo flUTPUT R~SUL TS AR~ PRINTED OliT IN !lETAIL FOA SGA~61 00 
C fAC~ TIME LfV[L, . 5GA58200 

WR!H (ltl'l~n) O!ST(t.) oO(L) SGA'i6300 
920 Fa~~AT Cl~~~~olo5~oF5,1) SGA56U00 

wRlTf (lt193nl 0AVG(Llo8PNoSA(N)oSEIVSo8UMSXoSUMSV15WIST Sr.A58500 
930 FORMAT C2!XoF5oi15Xo~4o2oe~oF4o2oTXoP4o2t8X,r7 1 1t5Xtrb,ltl>~oF7 1 3 1 bSGA58&00 

2XoF~.~·~Xo~5,2) SGA58700 
940 SXP(L)cSUMSX SGA58R00 

SYP(L)~SUMSY 5GA~6'100 
SPP(L)•SP~ 6GA5'1000 
VP(L)&VN SGA59!00 
HP(L)•B~ 5GA5Q200 

Q~O CONTINU~ SGA~Q300 
IF (!0MtT,E~ 0 1) GO TO '160 5GA59400 
wR!Tf (bo'~ZOl OJST(LM)tD(LM) SGA59~00 

C NEW VAt.tJfS ARE SfT £.QUAL TO PRI!VIOIJS VAI.UI:.S 1 SGA'i'l!-00 
960 5X(N)D5UMSX SGA5'1700 

SY(N)•SUMSY 5GA'5'1800 
SW~(N)aSw SGASQ'IOO 
SPHES(Nl•SPN SGAbQOOO 
STOT(NlaST SGAbOIOO 
SAP~SA(N) SGAh0200 

'ITO CONTINUf SGAb0100 
K•l SGA&OUOO 

C OUM~Y CONTINU~ SGAbOSOO 
9110 CON.TINUE SGAbObOO 

wR!Tl (&o800) SGA&0700 
wRITE (1>1'190) SGAI>OeQO 

C TH~ RlsuLTS ·ARf SUMMARTZED ~OR ALL TIME LlVELS, 8GAb0~00 
qqo FPHMAT (3~XoUIHSUHMARY OF OPt"! COAST STnRM ~URGf PROHLEMol/1) SGA&IOOO 

~R1Tl (bolO) (A(IloT•It20) SGAb\100 
wlllTf (&obbO) ITYPt SGAb\200 
wRIT~ (&t&7n) P~oPN,Ro~XoV~oSEoRFFtWKCOR SGAbi'On 
•RlTF (~ob8n) PHI! 1 REAR SGAb!QOO 
~Rill (llt\000) SGAbl'iOO 

lOOn fORMAT Ctlllo2~1aHTT~EtbXoSHSETUPo5Xt~H!fTUPoUXo'IHTOT, WINDol~o'IHASGAblbOO 
?S To TID f. 1 lx o13HTNITTAL WA Tt.Ro QX 1 8HPR~SSuRF olX 1 11 MTOTAL WATfRolo I X o SGAII\700 
37H(HOUH5)13Xo7HX•COMP,t,Xo7HY~COMP,oUXo~HSETUPt1Xo~H~lVflt9Xt'iHL~VSr.Ab\800 
uf~ti0Xo5H5ETUPt7Xt5H~tVELt/t12Xt5H(Fl,)t5Xt~H(Flolt5XtSHIFT;),6Xt95GAbl900 
5H(FT, MLW)tbXo~H(,T 0 )tiOXt9HI~To)tbXt9H(FTo MLW)tl/) SGAbiOOO 

t SGAbiiOO 
AHOURo0 0 0 5GAbi~OO 

DO 1020 N•ltNM 5GAb2300 
AHOURaAHnUR+OELT(N) SGA~ZUOO 
wRITf (lttiOIOl ·AHOURtSXCNloSY(N)oSWW(N)oSA(Nlt!~tSPRES(N)oSTOT(N) SGAb~'iOO 

1010 FORMAT (2Xtfbo2tt~XoFI>,i!tUXtfbo2tUXoFb 1 2t.XoFI>,Po8XoFbo?t'IXt~bo2t7SGAb2b00 
?X1fb,Zl 5GAbi!700 

102n CONTINUE 8CAb21100 
I~ (K,EQ,3) GO TO tnun SGAb2'100 
K•K+I SGAblOOO 
GO TO qRO SGAbl\00 

C I~ STOP APPEARS IN DAYft~E AN ERROR WAS fNCOUNTfRfD SGA&320ft 
1030 STOP SGAb3300 
C I~ STOP O~Ono APPrARS IN OAYPILE PROGRAM TERMINATED PROPERLY SGAblQOO 
t AND OUTPUT WAS Gl~ERATED 0 SGAI>l500 
1040 STOP 00000 SGAI>lbOO 

£NO &OAblTOO' 
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APPENDIX A-2. PROGRAM LISTINGS FOR HYPOTHETICAL HURRICANES 

10 

15 

20 

Z5 

30 

35 

uo 

U5 

'lO 

55 

bO 

b5 

75 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PROGR•M SU~Gt!INPUT 1 0uTPUToT~PE5:!NPUTo7APEb•OUTPUToTA~ElQoTAPtU) 
7~2XbR15QO (SURGI:.l COMPUT~S STOR~ SU~GE BV BATHVSTROPHIC METHOD 

. QUA51wT~O•DI~ENSIONAL OP~N COAST STORM SURGE PROGRAM 

•••••••••••••••••••••••••••••••••••••• **(SURGE ~OR HYPOTH~T!CA~ ~UHR!CANE)oo 

•••••••••••••••••••••••••••••••••••••• 

ALL ·~fVIS!ONS SHDU\.0 ~E 1.I3T£D ~ELO• BY AOOING A COMMENT 
SIHII.AR TOT~~ FIRST REVISION (0), 
0 IN CO~UMN eO INDICATES INITIAL REVISION, 
A TO Z IN COLUMN 80 !NDICATlS SU~SlQUtNT R~VISIONS, 

tARO 

DATE NAME OF lNOIVIDUA~ RESPONSIBLE FOR RtV!SION 

A 
B 
c 
0 
E 
~ 

G 

SRGOOIOO 
SRG00200 
SRIIOClOO 
8RGQ0ij00 
SHGOOSOO 
SRGOOI>OO 
SRG00100 
SR~oo~oo 
SRGOOQOO 
SRGOIOOO 
SRGOI!OO 
SRG01200 
SRIIOllOO 
SRGO!UOO 
SRG01500 
SRGOII>OO 
SRG01700 
SRGOIIIOO 
SRGOIQOO 
SRG02000 
SRGOZIOO 
SRG02200 
SRG02l00 
SRG02UOO 
5RG02500 
SRGOZbOO 

c '<0TlT10'' U&~U IN A\.P"A~~TICAL nROERc SRGOi700 
C AHOIJH a VAH!AHI.~ USED TO ~STABLISH STORM TIME, SRG02800 
C AN • !NTERMfOtlTE. VAI.IJt 0~ •tNO STRt55 AND SETUP FOR X•COMPONtNT,SRG02qoo 

H~AH!NG Q~ TRAV(HSI:. IN DEGREES, DOI:.S NOT ~NTER COMPUTATIONS,SRG03000 
~OTTO"- ~RICT!ON ~lCTUH, SRGOl!OO 
INTtRMfO!ATf VAI.Uf 0~ ~1~0 STRESS AND SETUP ~OR Y•COMPONENT,SRG03200 

C HI:.AR o 
C ~f f a 
C AN • 
c ~" • AN ARRAY USfO TO STO~E SUCESS!V~ VALUES OF BN, SRG03l00 
C llY a AH5U\.UTt VALUE n~ ~N, SHG03U00 
CCioC?.oC.! • OtME~SION CO~~tCTION fAC10~S, SRGOJ~OO 
C D a DpPTH ~PL~• ~tAN ~ATER LEV~L IN ~~~T, SR~OjbOO 
C DAS!l • TnTAI. oATEk DFPT~ SQUARED AT EACH TIMf LEVEL, SRGOJ100 
C OAVG a AVERAGP enTTo~ DEPTH AT EACH Tl~~ LEVEL, SRG03800 
C DlL!X" m 
C 0!\.SVN • 

INC~~MtNTAL ~·COMP SlTUP IN fE~T, SRGO]qOO 
INCR~MfNTAI. Y•C0MP S~TUP IN fE~T, SRGOUOOO 

C DELT • T!Ml INC~fMtNT3 IN HOURS, SRGOUIOO 
c nn n • T!~E T•ICRE~PNT tJSf.D 'OR CO~PUUT!Ot<S, 3RGOU200 
C D~I.X • DtF~fRENCE ~ETwft~ T~AVERSl DISTANCES AT EACH TIM! LfVELo 3H~OU300 
C DlN • INTtRMtDIATl CO~PUTATION ~OR D~NOMINATOR OP fLUX EQUATION SRGOUUOO 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c c 
c 
c 
c c 
c c 
c 
c 

AT EAC~ TI~l LEVEL SRGOU500 
DIST a UISTAt.CE FNOM COAST IN N1 M1 SRGOQbOO 

OIST(ll AN0 OFPTMCil ARf FARTHEST POINTS FROM S~ORE WITH SRGOUTOO 
SUCl~SIVl VALUES TAKE~ SMOR(WARD OF THESE POINTS 5RG04800 
DISTO c INITIA~ O!STANCf ALONG TRAVERSE LIN~ TO POINT 0' ~AX!MU~ 5RG04QOO 

~!NO VELOCITY, SRG05000 
OTH • TOTAL wATER DFPT~ AT fACH TIMf LEVEL (~EET) 1 SRGO~IOO 
DTN o INTERMEDIATE COMPUTATION 0~ •ATfR DtPTH IRG0~200 
DT5 s INTtNMtDIATE COMPUTATION Of TOTA~ ~AT[R DEPTH COTH) 8RGO~l00 

E • PA~A~ETER USEn TO CHbCK CONVtRGENCE 9RG0~400 
~t • ~ARAMfTER USEn TO CHlCK CONVfRGENCE SRG05500 

ICHfCK • SENTI~EL UStO TO INDICATE ERRORS, &RG05b00 
lD • IDENTIFIES TYPf ~f DATA ON CARD. &RG05TOO 

IDATA • ID~NTIFIES TYPE 0~ ~~~D DATA SuPPLIED AS lN'UT !DESCRIBED SRG05800 
I~ DfTAI\. WHEN ~l~ERE~C~Dl SRGosqoo 

!DUM c DU~~y VA~!ABI.f ~·~~ 5R~Cb000 
II.AST • INDICATES ~YMRlR OF D!FF~RENT PAkAM~T~k SETS TO BE RfAD SRGObiOO 
IO"!l • P~!~T OPTION PARAMI:.TfR (0ESCRI8EO IN D~TAIL wHlN REfERENCED)SRGObZOO 

IOMITD : PRI~T OPT!OII PARAMETER CD~SCRI~£0 IN DETAIL ~HEN R~F~RENCE0)SRGOb300 
IRtAO e USED TO READ ALL OIGITIZED wiND DATA ONTO DISK STORAGE SRGObQOO 
!TYPE a THE TYPE OF MIJ~RICANE MOD~L, (PMH OR SP~l &RG06500 

!VX •· INTERPOLATED ~IND DATA. GtNERAT~D IN SUSROUTlNE PRO~lL SRGOobOO 
llON~ a HURRICANt LONE SRGOb700 

KEY c PHINT OPTION fOR SU~ROUTINt ~R•DP~ (DESCRIBED IN DETAIL WH~NSRGOb600 
RtfERENC~Dl SRGObQOO 
~fYA a OPTION ~HICH n~T~RMINfS ~HETHER SJJ8ROUTl~t ZER~ND IS TO BE SRG07000 

CALLtD (DESCRIBED IN DETAil. •HE~ REF~RENCEDl SRG07100 
~!ST s PRINT OPTION ~OR SU~ROUTINE PROFIL (DESCRIBED IN O~TAIL wH~NSRG07200 

Rf~Ekt~C~D) SRG07300 
l~ a MAX, NO, rJF SH~L~ REACH£S, SFIG07U00 
NM a '~AX, NO, Of TtME lNCRt~ENTS, SFIG07500 
NN a CARD NUMa~R READ FROM CAqO SRG07b00 

NPTS e T~l NU~B~R Of POINTS ALONG THf P~H PROfiLE SHG07700 
PHI a GtOGHAPHICAL LATITUDE I~ DEGRfES GIVEN BY PHI!, SRG07800 

PHil • G~UGHAPMICAL LATJTUD~ IN D~GH~ES SUPPLIED AS INPUT SRG07qOO 
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80 

85 

100 

110 

ll!i 

!ZO 

125 

1]'5 

140 

14'5 

150 

15~ 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c c c 
c 
~ c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c c 
c 
c 
c 

c 
c 
c 
c 

c 
I o 
c 
c 
c 

PM!!A • LATITUDE Ll~lT ,0~ HURHlCA~E ZO~E &RG06000 
P~llij c LATITUD[ LlNtT ~OR HURRICANE ZO~E SRG0610D 

Pl • 1,1Ut59 SRGOS?.OO 
PN • ~F~lPHfRAL PRfS~Uf IN INCHtS 0~ HG 1 SRG06300 
PO • C!~THAL PRlSSUR~ I~CH!S OF HG 1 SRG08400 

N • ~ADlUS Of MAX, ~~~US I~ N1 M1 SHG085~Q. 
RA • RADIUS To MAXtMU~ •tNn Of ~IND FtfLD DATA SUPPLllD AS INPUT SHG06bOd 
RS a "ADll MlASU"fS fROM STORM CENTlR TO POINT ON TRAVlRS~ lN N~,SRG06700 
SA : SfTUP DUE TO ~STHONOMJCAL FORCES IN FftT, SR~06800 

5AA • VALUf nf ASTRoNnMICAL T!Ol SUPPLifD AS INPUT SRG06Q00 
SAP c OLD VALUl Of ASTHONOM]CAL TIDE SR609000 
S~ • INITIAL SfTUP IN f£fT, SRG09t00 

SJNPMl • SJNE OF Gf.06RAPHJCAL LATITUDE SRG09200 
SP • SfTUP DUE TO PRESSURt IN Fl!T, SRG09300 

SPN 1 PP~SSU~E SETUP AT Ntw TIME ~~VEL, SRGOQQOO 
SPP c PRfSSURf SETUP AT PR~VIOUS Tl~l ~tVEL, SRG09500 

SPRtS a SUCEsslvt VALUES OF PpESSUR~ SETUP AT lACH TI~E LEVEL SHG09b00 
ST 1 SIICESS!Vl ~ALlltS OF TOTA~ SURG~ ALONG TRAVERSE. LINE SRG0'1700 

S TOT c VA Lilt oF Tl'lTAL SURGt AT .SHOR~ ~OR tACH TIME LEVfL, SR(;O'IAOO 
SU~SX a SUCESS!VE VA~IIlS OF X•COMPD~E~T OF SURGE ALONG TRAY!RSE SRGOqqoO 

LINE . SRGIOOOO 
SUMSY 1 SUCESS!~E VALUfS 0~ Y•COMPONfNT 0~ SURGF ALONG TRAVfRSE SRGIO!OO 

LINE SRG\0200 
S~ c SUCtSS!VE VALU~S OF SUMSX + SUMSY ALONe; TRAVfRS! LlNl SRG!OlOO 

sww • SUCfSS!VE"VA~U~S 0~ SW FOR EACH TIME LEVEL AT SHOR~ SRGIOQOO 
SX • TOTAL X•COMP SfTUP AT SHORE IN flET, 5RGI0500 

SXP c SuCESSIVt VALUtS OF SUMSX SRGIObOO 
SY • TnTAL V•CO~P SETUP AT SHOR~ IN FftT, SRGI0700 

SYP • 8UCES5IVE VALU~S OF ~UMSY SRGI0600 
T • ANGLt ~fASU~EO FROM THl PD&TlVl x~AXIS COUNTER CLOCKwiSf TO SRG!OQOO 

THF >l~D VlCTORt(THETA), tR'llOOO 
VF • ~ORWARO SPEED OF STORM IN KNOTS, SRG\1100 

VNt V~~~ VNTt5Tt VP A~D VS Rl~lR TO Y•CO~PONENT 0~ VOLUMf TRANSPORT SRGliZOO 
VN • SUCtS&lVl VALUES OF FLUX ALONG TRAVERSE LINE SRGlllOO 

VN~ a •sSDLUTE VALUE OF 'LUX IRGll400 
V~TE~l W CHlCM 0~ ¥ALut Of ~LU~ SR~tl500 

VP I fLUX AT PktVJMUS T!Mt L~V~L SRGtlbOO 
VS • '•~LUX (~T•~T/SfC) SRG11700 
VX I THt ~ALUES OF R~LATIVE ~~~0 VfLOCtTY ALONG THE SRGII600 

AXIS 0~ SV~MtTRY OF T"E HURRICA~E, SRGII900 
AXIS OF SYMMfTHY IS Ll~~ T"ROUGH STO~M CENTE~ AND RADIUS TO SRG!2000 
MAX •!NOS URA•~N II~ OEG~EES F~OM DlHlCTION OF foQwARD MOTtO~ SR~I2100 

w a •tND SPfEO IN MPH, SRGI2200 
WIND • ADJUSTED ~1~0 SPl(D NtAR SNORt DUE TO lNT£R,ERfNCE WITH SR~12lOO 

LAND M&SS SR~I2QOO 
wK c VAN 'DORNS ~~~D STRlSS FACTOR, SRGI2~00 

w~COR • Cn~REtTION rACTOR fOR wiND STRESS COEFPICI~NT WHICH 3RGI2h00 
ADJUSTS STRtSS ~&CTO~S UPWARD ~y 10 PERCtNT, THIS AOJUSTMENSRG\2700 
PROVIDES FOR ~ORE ACCURATE ESTIMATt Of ACTUAL SURGE, SRG!2600 

wSQ c ~IND S~UARtD SRG12q00 
wwX ~ • * w * CnStT~fTA) 1~ ~PH SO, SRGI3000 
•wY • w * W * S!N(THETA) IN ~PH SQ, SRG!ltOO 

VAR!AqL~S NOT PlF!~[D IN THIS ROUTINE WI~L Bt DEFINED lN ANOTHER SR613200 
ROllf!Nl. SRGI3300 

OIME~S!O~ SP(S0)t••X(S0)tW•V(SO)t~K(~O)t0(50)oD!ST(50)tRS(1'00)t SRGI3QOO 
2 ~(1~00)tA(~D)tSA(2nO)tDELTC200ltPHl(50ltT(I500ltDAVG(~O)t8~AR(Z)tSRGI3500 
! D~LX(~O)tSXC200)t5YC~OO)tS•~(200)tSPHES(ZOO)tSTOT(200ltlVX(Ib00)tSR~IlbOO 
4 SlNPHI(50)oSXP(I00)tSYP(IOO)tSPP(lOO)tVP(!OO)tBP(l00)tVX(lb00) SRG!lTOO 
DI~~NSlo~ lR~AOC!b) SRG!l800 
CO~MO~ 1•~01 °tTt0ELTtDlSTtVXtRS SRGI3900 
CO~MO~ /PARI LM,~F,wXtRtDlSTOtXP SRG\4000 
COMMON /PTS/ NPTS SRG!4100 
COH~QN /P~F/ KEV 3RGI~ZOO 
COMMON /AT~/ P~tPO SRGIQlOO 
CDM~UN /lfS/ Ho~~ SRGIQQOO 

~PTS IS THE NUMBER 0~ POINTS ALONG THf P~H PRO,IL~ COMM(~CING AT SRGlQ~OO 
RHO/~ • ,~, TlRMINAT!NG AT ~HO/R • 30,! SPACtO AT INCR~MENTS Of t02oS~GlUbOO 
•••~lNG, DO NOT INCRfASl NPT5 ABOvt lbOO wiTOuT lNCRtASlNG THE SRGI4700 
Dl~fNSjON 0~ VX ACtUROINGLYt OH SOMETHING WILL BE CLOBBtRED, SRGt4eOO 

DAtA ~Plitt /1Qblt 0 000005/ SRG!4900 
DATA CloC?tC3 /20l,,tObtt5Z60,1 5RGISOOO 
DATA •~CUR l!t!O/ SRGI5100 

R~AO LOUP PARAMETER AND DATA TYPE PARA~t1tR SRGI5200 
READ C~t!O) ILA5TtinATA SRG!~300 
~O~HAT C215l SRGISQOO 

lN!TlA~lZf COUNTER IDUM SRG\~500 
IOUMat SRGI~bOO 

CHtCK TU 5£E I, DATA SUPPLIED IS TO BE lNTEHPoLATED, SRG\~700 
If !DATA • 0 TMfSE STEPS AR~ SKIPPED, SR~l5eOO 

l~ CIDATA,!Q 1 0) GO TO 40 SRGI5qoo 
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170 

17'> 

teo 

185 

200 

20'5 

210 

Zi!O 

22'!1 

zso 

C DATA IS REAd lN AND ~RITTEN OUT ON DISK RE~ERENC~~ BY lOATA SRGibOOO 
C (~QR~A~LY !DATA c ~ w~EN DATA IS TO Bf lNT~RPoLATfOl IRulbiOO 
20 RE AI) C!>olO) !Rt AD SRG!b~OO 
JO ~ORMAT (lbA5) IRG\1>300 

"~lTf ( lOATAo30) !READ SRGibUOO 
tr ClR~ADC?.l,EQ,SHF!NAL) GO TO.UO SRG!b500 
CO TO ZO SRGibbOO 

40 •RlH Ct.o~Ol lOIJM SRGib700 
50 FOHMAT (1Hitl8(1H*lolo1Xt3b~TH18 19 TH~ BEGINNING OF AUN NUMBfR tlSRGI&800 

22olt1Xo)B(I~*)o/) tiAGib900 
C IRGI7000 
C READ &TOHM lOtNTl,lCATJON TlT~ft .AGI7100 
t 5RGI7200 

RlAO C!>obO) (A(ll•l•lo20) SRG17lOO 
&0 ,OHMAT (20A,U) SRGI7UOO 
C SHu17500 
C RfAO PARAMETERS A~D CHtCK lOlNT!f!CATlON QATA, SRGI7b00 
C SRGI7700 
C ~OT~, lDENTiriC&TION DATA IS CM~CKEO ON EACH DATA CARD TO SRGI7600 
C AVOID MISREADING INPUT DATA, SRGI7qoo 
C SRG 16000 

RtAD C~o70) ~MoLMolO~!TolOMITDoKEYoKEYAtLISTtiO SHGISIOO 
70 FO~MAT CZl~t5Xo'l~ol5XoA5) SRGI6200 
C SRG IBlOO 
C F~AG 15 S~T eHG\6~00 
C SRGIBSOO 

IC~tCKao SRGI8b00 
C SRGI6700 
C C~!C~ FO~ E~CE!DED OI~fNSIONS, SRG\8800 
C SRGI6'100 

1~ (Nf1.,200l BOoROoqn SRGI'IOOO 
60 IF (LH~SOl 130o \30o'10 SRGI'IIOO 
'10 oRIH Cbob'IO) 6RG!'1200 

!C~fCKat SRGI'1100 
C SRGI'IUOO 
C oH!TE EHROH MeSSAGE SRG\'1500 
C SRGI'IbOO 

wRIH CboiOO) SRGI'1700 
100 FOH~AT tgO~ollHfRHOR MfSSAG~o//1) SRGI'1800 

•RlH (&oliO) NMoLM SRGI'~'IOO 
110 FOR~AT CIH tb6HMA~, ~0, OF Tl~E XNCR~M~NTS • 200 ~AX, NO, Of SSRG20000 

?.HE~f ~tACH(S • ~OtllobOH THE VAL~~ 0~ TIME INCREM~NT& OR 8HEL~ R~ASRG20100 
3CHLS WAS TOO LARG~t//oUIH YOUR VALUE FOR TI~l INCREMENTS(NM) WAS •8RG20200 
Uol~ol•l'IH YOUR VALUF ~OR SH!~~ REACHES(LM) WAS. •tl'!ltllt1Xt8HERROR 8HG20300 
50 I l 8RG20UOO 

wRlH Cbo 120) SRG?.OSOO 
120 rORMAT ClXoeeH S~E ERROR TABLE IN CERC TM TITLE V'RJ~lCATJO~ 8TUDYSRG20b00 

2 OF A ~ATHYSTRopJC SToRM SURGE MOO~Ll SRG20700 
wRlH (&tb'IO) SRG20eOO 

C SRG20'100 
C CH!.CII ~·oH tARO ID SRG2IOOO 
C SRG21100 
!10 H C !D,fll,!>MPU! t) GO TO 1!:10 SHG2t2nO 

!OA•I SRG21300 
C SR021ij00 
C oRtTE ~R~Oii ~ESUGt SRGZI'500 
C SRGZII>OO 

wHlH Cbob'IO) &RG21100 
wRITl CboiOn) 9RGZI800 
~RITe (l!ol40) IDtlOA SRG2tqoo 

140 fORMAT C23H ID IN ERROR • ID GIVENt!XoAStlol8~ 10 SHOULD Bf PAR tJSRG22000 
ZlolloiXoeHERROR 02) SRG22100 

wRITE. Cbtl20l SRG22200 
wRIH Cbob90l Si'ICI22lOO 
ICH~CK•l SRG22UOO 

C SRG22500 
150 LHMa~H•I SRGi!ZbOO 

PI•J,IUl~q 8RG22700 
R~AD C5elb0l D~LTTtPHlloSAAtlZONEotrYPEoBEARt%0 IR02ZDOO 

1~0 ~ORHAT (l,I0 0 2o6XoA2o~XoAlo?.A5oi~XoA5) 6RG2?.qQO 
C SRG2l000 
C V~PHY ZONt AND I.ATITliDE SPECHICATlONS SRG2:Sl00 
C SRG23200 

IF' CllONE,NE,?.H I l GO TO 170 SRG?.3300 
IF CPHII,G~,25,00,AND,PHII,LE,2e,OO) GO TO 2SO SRG2l400 
PHl!AQe~,OO 3RG2l500 
PHltH•2~,00 SRG?.lbOO 
GO TU 2)0 SRG23700 

170 I' CIZUNE,NE,2H 2) (l0 TO ISO SRG2l800 
l~ CPHI!,GE,28,00oAND,pM1lo~l,3l,OO) GO TO 2~0 5RG2lqoo 
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2UO 

i!S'i 

i!IJO 

i!70 

275 

i!80 

i!85 

JOO 

]0!1 

110 

li'S 

PH1I~D2A 1 00 SRG24000 
PHIIH=33,00 SRG2~100 
GO TO c30 SRG2U200 

180 I~ ( IlUN! .~~,2M 3) GO TO l'iO S~G24300 
IF !PHI!,G~ 1 3l,OO,ANO,PH1I,Ll,l6,00) GO TO 2~0 SHG24400 
pHI1~•33,00 SHG24~00 
PHl!B=lA 1 00 SRG24b00 
GO TO 230 SHG24700 

1qo I~ '!IZU~t,~f,2H 4) ~0 TO ~00 8RG24800 
IF (pH!I,&l,38 1 00oANO,PHll,~l,Ul 1 00) GO TO 250 SRGi!uqoo 
PHll•=3~,00 SRG2~000 
PHlJRaU~ 1 00 SRG25100 
GO TO 230 5RG2~i!00 

i!OO IF (IlONE,~(,2H A,AND,llONl,~E,2H a,ANO,IZONE 1 NE,2H Cl GO TO 210 &RG2~300 
IF (PHl!,Gl,25,00,AND,PHII,~t,JI,OO) GO TO i!50 SRG2~400 
PH1IA•~5o00 SRQ255dO 
PHIIH•~t,OO SRG?.SbOO 
GO TO 230 SRG25700 

210 lCHELK•I SRG?5800 
C SRG2SQOO 
C WR!Tl ~R~OR ~ESSAGE 5RG2&000 
C !RG?.biOO 

~RlH (&obqQ) SRG2b200 
•RlTt (&!100) SRG2b300 
WR!Tf (&o220) !ZO"ll SRG2b400 

220 FO~M~T CbOH ZONE REOUESTEO NOT VALID, VA~ID ZON~S ARE AoBoColtio3 SRG2&'i00 
2AND Uo/o20H YOU REQIJESTED ZQN~ oAi!ollt IXt!IH(RROR 03) SRG2&b00 

wR!H (&o 120) SR1i2b700 
WRlH (bobqQ) SRG2t>600 
GO TO 250 SRG2&qoo 

2•0 !CHfCK~I SRG27000 
C SRG27100 
C WRIT~ ~RROR M~SSAGE SRG27?.00 
C SRG27300 

WR!H Cl>o&qO) 3RG27400 
~RlTf t&oiOOl SRG27500 
WRIT~ (bo240) IZoNfoPHllAtPHI1BopH11 SRG27b00 

l40 ,O~MAT (Z~H ~ATITUO~ LIMITS ~OR ZO~[ oA2o4H ARto1Xo,5,2o3H TOo1Xor5RG27700 
2~o2o6H O~GR~ESo/ltZUH YOU R~WU[8T~O ~ATlTUOF 1 Fb,2tl/o1Xo8H!RROR OSRG27600 
]4) 8RG27QOO 

wRITE C~ol20) SRG28000 
wRlTl C&obQOl SRGi!6100 

C SRG26200 
C CHEC~ FOR CARD ID SRG?.6300 
C !ROZ6400 
250 1~ (IDo!:~o5HPAR i!) QO TO ZI>O IRGZe500 

ID•~z &RG28&00 
C SRG28700 
C ~RIT~ ~HHOR MlSSAGt SHG28800 
C SRG?-6900 

~R!Tf (bob'ln) 8RG2'1000 
wHITL (bo\00) SRG2ql00 
WRlTt CboiUO) lOolOA SRG2'1200 
oH 1 H ( b • I ?0 l SRG2q:SOO 
wR!H (&ob'ln) SRG2Q4.00 
!CHtCK•I SRG2'1500 

lbO DO ?.70 I•lo~M SRG2'1&00 
270 PHI( ll•PH!l ~R!ii:''l700 

DO 2BO !&loNM SRG2qeoo 
SA(!)•5AA 5RQ2'1QOO 

~ijO OE~T(!)aO~LTT SRG10000 
RtAD (~oi:'qO) HoPOoPNoV~oSlo!D SR~30IOO 

~QO FOH~AT (~~7.~o40XoA~) SR~30200 

C SRG30300 
C CH~CK ~OH CARD 10 SHG30ijQQ 
C SRG30500 

I' C!Oo~O,SHPAH ll GO TO JOO SHG:SObOO 
tDA•l SRGJOTOO 

c SRG3oeno 
C ~A!H ~HROR MtSUGl SRtil0900 
C SRGliOOO 

wHlH (bob'IO) SRGliiOO 
wRITE (&tlOO) SRGlli!OO 
wRlH (bo IUO) lOt lOA SRG31300 
wRlTf C&oiZOl 5RG31400 
wRlH (ltob'IO) SR~11500 
lCHECK•I SRG3!b00 

C SRG31700 
C READ MAXI~UM •INO VELOCITY AND BOTTOM rRICTlON ,ACTOR, SRG3!800 
C SRG3! '100 
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no 

Ji!'3 

llO 

H5 

:suo 

3~0 

355 

:Sb5 

370 

315 

:SBO. 

3'10 

300 READ !~oliO) wx,~Ff 0 1D 
310 fO~~AT !c~7,ltbiXtA~) 
c 
C CH~CK FUH CARD 1D 
c 

H (ID,~Q,SfiPAR U) GO TO 320 
IllAaU 

c 
C •RITE ERHOR M~SSAGl 
c 

c 

wRITE (btb'IO) 
wRITl !l>tiOO) 
wRIT~ CbtiUO) lDtlDA 
•~IH (btl20) 
WRIT!:. (btb'IO) 
ICfiECK•t 

C READ OI5TANC~ VALUES AND CHECK IDrNTIFICATION DATA, 
c 
li'O '-'C•t 

II:!• I no n•II:I+5 
c 
t LOOP LtNGT~ I~ CORRECTED 
c 

H (H,GE,LM) IE•I.I-4 
REA!l (5ol80) lDtNNt(OIST(LltL•IBtiEl 

c 
C CHECK rOR CARll ID AND CARD NU~~!R 

c 
c 
C •RITt ERROR MtSSAGE 
c 

WRITE (l>tb'IO) 
WRITE !t>tiOO) 
~RITE (btlUO) lDtNN 

lUO FORMAT (23~ ID IN tRROR • lD G1VENtiXtAbt/o20H ID IHOULD B[ OIST 
Zt!2HCA~D NUMBlR oi5t//tiXt8HtRROR 0,) . 
~:RlH (btli!O) 
wRITe (btb'IO) 
I CHECK• I 

c 
C CHECK FOR LAST SHfLF REACH OI!TANCf 
c 
350 I~ (I~oGE,LM) GO TO lbO 

tBal~+b 
~C•NC+I 

GO TO HO 
c 
C READ DEPTH VALU~S AND CHlCK IOlNTICAT!ON DATA, 
c 
lbO tB•! 

NC~I 
110 u:•IIl+~ 
c 
C LOOP LENGTH IS CORRlCTEO 
c 

IF CI~,Gt,LM) IEZLM 
RtAD 1~o3BO) IDt~Nt(D(LltL•I~o!El 

]80 f0KMAT (Abo4XtlSt5X 0 bFIOo2) 
c 
C C~tC~ fOR CARD IO AND CARD NUMBER 
c 
c 
C •HIT~ ~R~OH MtSSAGt 
c 

•RlTt. (btb'IO) 
•HIT£ (ht\00) 
WRITt (6t]'IO) IDoNN 

l'IO ~ORMAT CZlH ID IN tRROR • 10 OlVtNoiXtAbt/olOH 10 IHOU~D 8[ DEPTH 

c 

ZtliMCAHO ~UMB~R tl5o//oiXoSHtRRDR o•l 
~RITE Ct.tliOl 
•RITt Cbtb'IO) 
ICHHK•I 

C CHlCK ,OR LA&T 8H[L~ R!ACH DlPTH 
c 
UOO IF Cll,GE,LM) GO TO ~10 
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SRG32000 
SRG32\00 
SRG32200 
SRG32300 
SRG32400 
SRG32500 
SRG32&00 
SRG32700 
SRG32800 
8RG32'100 
SRGHOOO 
SRGHIOO 
5RG33i!OO 
SHG33300 
SRG3l400 
8RG33500 
SRG3lb00 
SRG33100 
SRG53800 
SRG33'100 
8RG:SUOOO 
SRG34100 
SRC;]UOO 
SRG34100 
SRGlUUOO 
SRG34':i00 
SRG34b00 
SRG34700 
SRG34800 
SHG34'100 
SRG35000 
SRG3!J!OO 
SRGl!>?.OO 
SRGl5300 
SHG35400 
SRG35500 
5RG351>00 
SRt>35700 
SRG3~1100 
SRG3!l'l00 
SRG3i>OOO 
SRG3bl00 
SRG3b200 
SRG3b300 
SRGlb400 
5RG3&~00 
SRG3bb00 
SRG3b700 
SRG3~600 
SRG]b'IOO 
SRGl7000 
SRG37100 
SRGl7200 
SRG37300 
SRG37400 
SRG37500 
SRG37b00 
SRG37700 
SRG37800 
SRG37'100 
SRG36000 
SRG38100 
SRG3R200 
SRG:$6300 
SRG38400 
SRulBSOO 
SRG36b00 
SRG36700 
SRti36600 
SRG:S8'l00 
SRGl'lOOO 
IRG3'11 00 
SRG3'1200 
SRG3'l300 
SRUl'IIIOO 
SRG3'1500 
IRGl'lbOO 
SROl'ITOO 
IRG:S'1800 
SRG]'I'IOO 



415 

lii!!i 

1130 

111'5 

111>0 

1175 

IB•IB•p SRGIIOOOO 
~C•NC+I SHGIIOIOO 
GO TO 570 SR~II0200 

C SRGIIOlOO 
C READ Rt~ATIVt wiND VELOCITY ALO~G AXIS 0~ SYM~~TRV AND CH~C~ ~RGUOIIOO 
C ID~NTI~ICATIO~ DATA, SRGII0500 
C C~ECK 18 MADE TO SE~ I' tRRORS WERt ~NCOUNT~REP IN lkPUT DATA SRuiiObOO 
C SRGII0100 
1110 IF (IC~ECK,EQ 1 1l GO TO 1020 SR~uoeoo 

IB•l SRGQOqoo 
~C•! SRGIIIOOO 

1120 lt•lb+l! SRG41!00 
C SRGIII200 
C LOOP L~~GT~ IS CORRECTtD SRGIItlOO 
C SR~II!IIOO 

I~ (!l,Gl,NPTS) llaNPTS SRG41500 
C SRG41b00 
C C~tCK IS MAOE TO S~E HOW PROFIL~ DATA 15 SUPPLIED, SRGIII700 
C I~ IDATA • 0 DATA SUPPLilD IS IN INTfRPOLAT~D rORM, SUBROUTINt 8RGIII800 
C PRDFlL IS NOT CALLED, SRGUtqoo 
C 1~ !V&TA m II DATA SUPPLilO IS A SET OF ~RACK~TlNG RADII ~OR SRG42000 
C HURRICAN~ ZO~l OF I~TfPfST OR IS COMPL~TE SET Of PROfiL DATA SRG1i2100 
C (DATA FO~ ALL ZONES AND RADII), ~HEN CO~PLETE S~T OF PROfiL SRi42200 
C DATA IS SUPP~I~O A S(~RCH IS MA0l fOR BR&CKlTIN~ RADII ,OR SHGU2l00 
C R~UUlSTlO ZO~E, SR~Ii2U00 
C •HtN IOATA • U INTlRPOLATION IS DONE INTtRNALLY SY SPECIFlNG 5RG42500 
C ZO~Eo HUNRICANl TYPEo AND RADIUS SRGII2b00 
C TO ~AX, •I~D, SRG42700 
C SHGUZ800 

If (IDATA 0 ~Q,u) GO TO QUO SRGU2900 
HfAD (So410l 1Dioi02oiD3tRRtNNo(VX(I)tl•lBo!E) SHGUlOOO 

1130 fOHMAT (AUoA2oiXoA3tf5,!tl5oi2F'5,3) SRG1i3t00 
GO T~ UbO SRG1il200 

uao CALL PRo'lL (lZONlolTYPloRt!VXtiDATltLlST) SRGUi300 
C SRGII~QOO 
C CHtCK IS ~ADt FOR tRROR FROM SUBROUTINE PRO,!L SRGUlSOO 
C SRGII~&OO 

If tH0MB 1 EQ 1 ~HEHHOR) GO TO bbO SRGU3700 
C $RG1il800 
C DATA Tf<AT •AS ROUNDEO•OFF IN SUBROUTINE PROF!L !8 CONVtRT~D TO SRGU3900 
C R~AL NUM~!RS SRGU4000 
C SRGUIIIOO 

DO aSO I•loNPTS SRGII11200 
VX(!l•IVXI!l/1000, SRG44300 

450 CONTINUl SRG1141i00 
GO TO 500 SRC114500 

11~0 EE•A85(RR•R) SRG44b00 
C SRGuuTOO 
C C~tCK AGR~MENT OF HURRICANE IOtNTlfitATlON TO SEE 1, IT AGRttS $HG11u800 
C •IT~ DATA IDlNTI~ICAT!ON iRGiiu900 
c . SRGu~ooo 

IF (IDI,tQ,IIHZO~~.•~D,ID2,~Q,IZO~f,ANO,t03 1 [Q 1 lTVPE,A~D,~E 1 LT 1 E 1 ANSRGU5!00 
ZO,NN,lQ,NC) GO TO uqO SRG1i5l00 

ICHECKat IRGU5300 
C 5RG"5400 
C ~R!Tt ~RROR ~ESSAGE IRG1i~500 
C SRGQ5.00 

•~IH (~obQOl ·SRGUSTOO 
wRIT~ (~o1170) SRG~~600 

1170 FOR~AT (110Xol6HRELATIVt oi~O FifLD ~ATA CARD IN rRRORt/) SHGU5QOO 
~RlT[ (boijRO) IOlo!~loiZD~~oiOStiTYPtoRRt~N SRGUbOOO 

~80 fO~~AT tlXtl~H((ZOI<~ ({ SHDULO • YOuR V&LUt Of ([oAQo2~1[oiiXo2HI[oA$RGIII>I00 
i'2o1ZH(( SHOI/1.0 a oAZtl7HHURHICA~,~ TY~~ (loA3tl2H[[ SMOULO a tAlo/oSRGii.~OO 
321HRAOIUS TO MA~, ~~~() 8 tf~,loiQH CHECK CARD NU~BER ol5tllt!Xt6M~H~RG4bl00 
uROH 07) SH~Uf>UOO 

wHITt (!>ol20) SRGUb!>OO 
C SHGijf>f>OO 
C CH~C~ S!~YI~tl. TO SEt IF ERRORS wt~~ ENCDU~TERED 1 SR~Iib700 
C SR~Ub800 

I~ (lCM!CK,lQ,j) GO TO 1020 SRGucqoo 
C 5RG1i7000 
C CH~C~ FOR LAST wiND P~OFII.l POI~T SRGU7100 
C SRGIIHOO 
liqO IF til,EQ,NPTSl GO TO 500 SRGij7lOO 

I~•IK+I? &~Gii71100 
I<C£NC+I SR~II7!>00 
GO TO 1120 SRGU7c00 

C SRGu7700 
c s~r.u7eoo 
C CO~PUT~ Ml~, DIST, ~RnM TRAVERSl I.INE TO HUR 0 CENT!R, SRGu7q00 
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'500 

505 

510 

'>15 

520 

525 

5]0 

515 

540 

'545 

'550 

C COMPUT~ !NI1IAL LOCATIOh ON TRAVfHSE LINE, SHGU6000 
~00 CALL STRTPT SRG48!00 
C 8RGUBZOO 
C 5RG48l00 

DO 570 N•t 1NM SRGUe400 
C $RG4B500 
C I' KlYA • I SUBROUTIN~ ZlR~~D 18 CALLED, l' KEVA ~ 0 SUBROUTIN[ SRGUBbOO 
C Z~R~NO IS NOT CALLtO, SRG4870n c SRGueeno 

IF (KtVA 1 ~Q 1 ! 1 AND,N,EQ 1 Il CALL ZERWND SRG46~00 
CALL !<R~OPF (N) SRG49000 

C SRGU'I!OO 
C T~~ STORHS POSITION RELATIVE TO THE SHORELINE tS OET[RMIN~O, SRGU'Ii!OO 
C SRGU'IlOO 

DO 5~0 L=loLM SRG4'1400 
C SRG4'1500 
C 5~T~P OUl TO T~l ATMOSPHERIC ~RESSURL OI~r!RENTIAL IS EVALUATED, SRGU'IbOO 
C SRG4'1100 

SP(Ll=t,tu•cPN•POl*!loO•lXP(wRtRS(Llll SRG4'1800 
If (DISTCLI"2o0l 510o~l0o520 SRGU'I'IOO 

C SRG!>OOOO 
C THL ~INC SPEED NEAR 5HOR[ DUf TO TH! STOR~S INT£R,ERfNCt WITH THE SRG50IOO 
C LAND ~ASS, SRG50200 
C SRG50300 
510 ~I~O•W!Ll* 1 6Q SRG50400 

GO TO 530 SRG'50500 
520 wJNO••CLl $RG50b00 
5i0 •SQ••lND•~INO SRG50700 

~~XCLlswsQ•COSIT!L)) SRG50800 
wwYtll••sa•siN!TCLil &RG~oqoo 
1' (wCLl 1 LE 1 1b 1 0) GO TO suo .RGSIOOO 

C SRG51100 
C VAN DORNS ~1ND STRESS CO~ffJCIENT IS DETERMlNtO, IR~'51200 
C SRG5UOO 

~~ILl•O,&OOOOII+Oo000002~•11oO•Ibo0/W(L))f*2 SR~~~UOO 
GO TO 550 SHG5!500 

5~0 wK(L)zO,OOOOOII SRG51600 
550 CONT!NU~ 5RG51700 

wRlH (JQ) DU.T(N) SRG51800 
DO ~bO LL•IoLMM SHGSiqQO 
•RITE 13~) •~X(LL+t)o~•XILL)owwVCLL+I)oWwV(LL)oSA(N)tSP(LL+l)oSP(LSRG5~000 

2L)owK(LL) SR~5~100 
5&0 CONTINUE SR~52?.00 
570 CO~T!NU~ SR~52300 
C 8RG!>2~00 
C TH~ RASlC INFORMATION OF THE STORM PRO~Ll~ IS WRITTlN OUT, 5RG52500 
C SRG52b00 

>~HI H ( 6 t 'SAO) SRG52700 
580 ~OHHAT (1Mio30Xt52MQUASJ~TW0•01MLNSIONAL OPEN COAIT STOR~ ~URGE PRSRG5l800 

2UGRAM///l $RG52QOO 
WRJTE (l,o&Ol (Allltl•to201 SRG53000 
~RlTl Cbo~qo) SRG5SIOO 

5'10 FORMAT (':>IIXt IOHINI'UT OATAo/o!>IIXt!OH••••• •••••///) SRG~3200 
~~!Tf CbobOO) lTYPtoPH!IoilONl 8RG53300 

bOO FO~~AT !/olnX•l2HTVP£ ~F HURRJCAN~ MODEL CITYPll oAlol!b6X 13H••"o/SRG531100 
2/oiXolOHG~.OGRAPHICAL LATITUilt (PHil) a 1rt0 1 2 16H O~GRlE8t!5'l!oii!2HMURSRG53500 
lR!CANf ZO~f Cil~N~)oA?.o/) SR~SlbOO 
~RITl Cbo~IO) PnoPNoH,~XoV~,S~oBfARo~~F SRGS3700 

610 FORMAT (&Xt2U~C~NTRAL PRESSURE (PO) • o~S 1 2 1 &H !No HGooiTXoZ7HPERlSRG53800 
?PHtRAL PRESSuRE (PN) a o~5 1 2o8H JN, HG 1 /It!Xt2'1HRAOIUS TO MAXIMUM SRG~3QOO 
3•IND (H) • o~11 1 !o5H N1 M o28Xo20HMAXJMUM WINO (WX) a ,~5olt7H MJ/HHSRGSUOOD 
U,o//o5Xo25HTRANSLAT!ON ~PEEO (y~) a 1 ru,t 1bH KNOTSoZTXoi!OH!NITlAL SRG94100 
5R!SE (Sf) • o~ll,2o5H ~~ETo//oiiXo2bHTRAVERS! BEARING (BEAR) • o2ASoSRG54200 
blbXoliHBoTTOH ~RICTION ~ACToR CB~f) • o~b,Ul · SRG54300 
~R!H l&oq70) SR(l'3U400 
oR I H C b 1620 l SRG511500 

&20 FORMAT (IXt'IOHSUHGE TRAVERSE IS PAHALL~L TO STORM TRACK AND 115 DESRG511n00 
~GR~f5 FRO~ THE LlNf OF ~THONG~ST WINDS//) 8RG511700 
~R 1 H ( n t b30 l SHG5~600 

b30 FOH~AT (40XoUIMA0TTOH PROFILE OVfR THt CONTJNENTA~ SHELro// 146X 0 1lSRG5u'IOO 
2H01STANCE FROMo8Xo5HOlPTHo/oii7Xo!2HSHORE (N,M 1 )t&XobH(F~ll)) SRG55000 

DO 640 L•l oLM SRG'i!>IOO 
~~ITf Coob50) DIST(I.loDCL) SRG55i!OO 

bqo CONTINU~ SRG!>~3~0. 
&50 ~Ok~AT (UYXoFb,?tqX,F~,Il ~RG551100 
bbO wRIT~ !bob701 IOATA,lnMIToiOMITD,Kty SRG~5500 
~10 ~O~MAT (//o!OXo24HINPUT AND OUTPUT CONTROLo/110Xo24(1H•ltl/tiXo7HISRG~5bOO 

2DATA ••l~t!>OH 0 • wiNO ~IELO DATA INPUT By CARDS IN FINAL' FORMo/oSRG55700 
\!5Xo!J7H~ • ~IND PIELD DATA INPUT BY CAkOS .NO TRANSfERED TO OISK//SRG5!>800 
4oiXo7HIDMIT •oi5o3X 1 2tHO • D~TAILfD PRINTINGo/oiXoeHJOMJTD •oiSo2XSRG55qOO 
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'5!10 

'5.'5 

570 

575 

580 

585 

'5<l0 

5'15 

1100 

1105 

bl'l 

lli!'S 

1130 

1135 

!>80 

t 
c c 

c 
c 
c 

b'IO 

700 

710 

~t2b~l • SKIP ·a!Tl!LrO PR!~T!~GtlltlXtb~~EY •o!'Stb'IH 0 • WINO OATSR~SbOOO 
bl[PRO~IL~ DISTANCE, RlDIUSt •INO,AND T~fTAl NOT PRINTfDtltlbMtb3HtSRG5biOO 
7 • ~IND DATA[PHQfiLf DISTANC!t RADIUSt W[N0 0 AND THETA) PRlNTEOtlllS~'Sb200 
,•Rill (btbAO) L!STtK!VAtDfLTT SHC5b300 
fOHMAT [lX 0 bHLlST •oi5t~ZH 0 • DATA GfNERATfD IN PROflL NOT PRINTSRG5bUOO 

2EDtltlbXt3bHI • DATA GENERATED IN PRO~lL PRINTEDtlltlXo•H~EYA •o15SRG5b~OO 
3t3UH 0 • SUaHOUTINt Z!R~NO ~OT CALLEDtltlbXtliHI • SU6ROUTINf lERSRG5bll00 
U~NU IS CALLEOtl/tiX,6HOELtT •t~IOoZtiXt3lHHOUR INITIAL CO~PUTAT10SRG5•TOO 
5N INTlHVALl 8RG~e.eoo 

6RG!lb<lOO 
CHECK IS MADE fOR [RROR PROM SUBROUTINE PRO~lL IRG5TOOO 

6RG57IOO 
I~ (HO~R,E~.~~lqHOR) GO TO 1020 3RG~7200 
Ul"!NO 3'1 SR~~7300 
Tll•OoO SRG~7400 

SRG57c;oo 
If (IOH!TD,lO,Il GO TO 7~0 SRG57b00 

!f IOHITD ~OT EQUA~ lo INPUT CO~PUTAT!ONAL DATA ~RlNTfO OVT 1 SRG57700 
SRGS7800 

DO 7~0 N•loN~ SH~~7900 
•R!Tt (btb90) SHGSBOOO 
,ORMAT (/l/oiXtiiQHolllflllollllllflllllllloloollfllllflfiii******SRC56100 
2**'*'*''''''*'''''''*''''''''''''*'''''''''*'*'**''*'*'***''''*'*'5RG~8200 
3111110) SRG~o300 

R!AO (Jq) DEll(~) SRG~8UOO 
TI•TII SR~58500 
Tll•TI+DELT!~l SRG~BbOO 
wRITE (~t700l T!tll! SHG56700 
'OHMAT (\Xo/IXI~MT!"E !TI • t~bo2tbXtlbHT!~[ (T+DELT) ~ o~b,2olll SRG58~00 
•RITE lbtTIOl SHG~8900 
FDR~AT CIO~oBH••X(!tllt7XtbM~wX(llo7Xt8H•wY(l+tlo&XobM~~YCI) 0 5XoiiSRG59000 

2~A8T~O, TIDtoUXo7HSP!!+I)t6Xt5HSP(I)t~XIIHW!~D STR~SStltbTX 0 bH(~~ESRG59100 
3Tl•9Xt4H(FTlti0Xt4H(,T)tbXt'I~PARAMET~Rtll) SRG59200 

DO 7!0 LL•I•LM~ SRG59300 
READ (3Q) ••xCLL+IIowwX(LLlowwYCLL+IltWWY(LLlt&A(N)eSP(LL+t)oSP!LLSRG~9U00 

e)o~KCLLl SRGSQSOO 
•RlTt (no720l •oX(LLtllt•WX(LLlo••YCLL+tlo••YCLL)tSA(N)oSP(LL+I)tSSRG~9bOO 

2PCLLl••KCLLl SRG~9700 
120 FORMAT CIOXofToltBX,FToltTXt~Tolt8XoPT,ItTX 0 ~U 0 i!tl0Xo~Uolti0XtfU,2SRG59600 

2o~XoFI0,8) SRG~9900 
7l0 CO~TI~Ut SRGbOOOO 
7UO tnNT!~UF SRGIIOtOO 
C DuMMY CO~TINU[ SRGb0200 
7~0 CO~TINUt SRGbOlOO 

Rl~!ND 19 5RGb0400 
~RIH Cbt7b0) SRGbO!>OO 

C S~GbObOO 
C CH~CK TO 5Ef IF I~PliT' CO~<PUTATlONAL DATA IS PRINTED SRGb0700 

IF (!O~IT,EQ,Il CO TO 780 6HGb0800 
C SRGbO'IOO 
7110 FORMAT (1~1) 8RGbl000 

~RlTE !bt770) SRGIIIIOO 
710 FORMAT (5UXti1HoUTPUT OATAtlt54Xttl~·~··•• ••••till) SRGb!200 

wHITt CbtbOOl lTYP~oPHiltilONE SRGbllOO 
~RITE (htbiO) PnoPNoRowXoV~oSEoBtARoBf~ SRGbiUOO 

780 CO~TINUf SRGbi500 
DO 7'10 L•l•L~~ SRG&I~OO 

C SRGIII700 
C [NCREHt~TAL X.VALUES AND AVG, OlPTHS ARE CO~PUT£0 1 IRGbi800 
C SRGIII'IOO 

DE~X(~l•DlST(~l•DIBT(L+Il SRG&2000 
DAVG!~l•(D(L)tD(L+I))IcoO ~RGIIliOO 

7'10 CONTINU~ 5RGb2200 
DO 800 L•ltL~ &RG&ilOO 
PHlCLl•(PHI(L)'Pll1180,0 SRGb2400 

C IRGII2~00 
C THE Sl~f OF THE LATITUDE IS fVALUATfO, SRG•l•oo 
C IRG&2TOO 

Sl~PHI(Ll•SIN(PHI(L)l SRGbc600 
800 CONTINUE SRGb2QOO 

Tll20,0 S~GblOOO 
DO '110 N•I•N~ SRGbliOO 

C SRGb3200 
C CMfC~ TO StE IF INPUT CO~PUTATlONAL DATA IS PRINTED SHGbllOO 
C SH,bl400 

IF (IOM!T,EG,Il GO TO 610 SRGblSOO 
~RITE !&t7b0l SRGb.!bOO 

C DUMMY CONTINUE SRGb3TOO 
610 CONTINUE SRG&3600 

HtAn (jq) OELT(N) SHGblQOO 
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b~S 

b50 

bbO 

bb'5 

1170 

&7!1 

1180 

700 

70'!1 

710 

71'S 

SUMSX•O,O SRGb"OOO 
SUMSV•O,O SHGb~IOO 

C SRGb4200 
C CHEC~ TO SE~ lP INPUT COMPUTATlONA~ DATA IS PRlNTfD 5RG&4300 

If (!UMtT,tQ,I) GO TO 830 SRGb~400 
C SRGb4'iOO 

Tl•Tll SRGb4b00 
Tlt•Tl+D~l.TCN) SHG64700 
~RIH Cbo700) TltTil 8RGb~600 
~R lTE ( bl ~20) SRGb4'100 

820 f0HM~T !IXoS~DisT,,3Xo5HOEPT~•5Xtb~D AVG 1 o3Xt'I~PRES,RIS~t2XotOHASTSRGb5000 
?R0 1 TIDlo3Xo7HINITIAlo5XtbHY"Pl.UXo5Xo7HONSHOREt~XtiOHAl.ONGSMOREt2XtSRGb5100 
liOHToTAL ~INDo3Xo5~TQTALo/t!Xt4H(NM)tlXt8H(FT 1 MLWlo2Xo6H(FT,MLW)t4SRGb5200 
ijXo4~(PT)o7Xo4H(FTltbXoiOHLEVEl.(,TloiXtiiH(~T'FTIS~CloiXoi0HSfTUP (5RGb~300 
~FT)o~XoiOMStTUP Crrlo?.XtiOHSETUP (~Tlt2XtiOHiuRG~ CFTlt//) SRGb5400 

C DUMMY CONTINUE SRGb'5500 
ijJO CONTINUf SHGb~bOO 

DO qtO L•loLHM SHGb~700 
C SRGb~800 
C 5RGb'5900 
C 8TOR~ SUHGF. COMPUTATIONS ~lGlN, SRG&bOOO 
C SRGbb I 00 
c sHG~>baoo 

PEAD ()q) ••X(~+IloWWX(L)o~wY(L+I)oWWY(LltiA(N)tSP(L+I)tiP(L)tWK(LSRG&blOO 
2) SRGbbUOO 
AN•~K(L!*C•~xCLl+wWX(L+Ill*•~COR SRGbb'SOO 
BN•~K(~)*(•WY(L)+WwY(L+Ill*OoS*WKCOR 5RGbbbOO 
SP~•<SPCLl+SP(L+I))/2 1 0 . SRGbbTOO 
lf (N,NE 1 1l GO TO euO SRG&beOO 

C SRGbo'IOO 
C PROBLE~ IS lNIALIZED FOR ,lHST TlME LEVtL 1 SRG&7000 
t 5RGb7100 

SXP(Ll•n,o SRG&7200 
SYPCLl•O,O SRG&7JOO 
5PPCL)DSPN 8RGb7Q00 
VP(L)•O,O SRGb7~nO 
BPCL!•bN 5RG&7&00 
SAP~SA(~) SRGb7700 

640 DTS•DAYG(Ll+SE+SXP(L)+SYPCLl SRGb7800 
DT~aOT5+6A(N)+SPN 5RGb7900 
DTH•DT9+!(SA(N)+SAP)/2 1 0)+((tiPPCLl+SPN)/l,O) SRG~8000 
DASQa(C3/DTHI**Z 8RGb6IOO 
Df~•B~F*ABSCVP(Lll•nELT(Nl*OASQ 'SRGb&ZOO 
VN•((~N+~P(Lll•DELT(N)'0 1 S+VP(L))/(l 1 0+DEN) SRGb8JOO 
BY•ABS(BN) SR~b8QOO 
VNTfST•S~RT(BY/Ib~f*DASQ)) 5RGb8~00 
V~NaAHS(VN) SRG&8600 

C SRGb6700 
C CH!tK IS MADE TU INSURf T~AT TH£ ALONGSMORE OOfS NOT EXCEtO THE SRGbB600 
C LIMITING VALUt, SRGbe900 
t SRGM~OO 

IF CV~HST,GT,VNN) GO TO 870 SllGo'IIOO 
I~ (Vr,) 6'>0ollbOoAbO SRG6Q200 

650 v~a.vNTEST SRGbHOO 
GO TO 870 SRG&QQOO 

6b0 VN•V~TEST SRGo'I'>OO 
870 DELSYNatc2•D~LXILl•(Sl~PHl(L)+51NPHl(L+Ill•VN)/DTN SRGb9bOO 

DE~SXN•(CI•D~LXCLI•AN)/DT~ SRGb'l700 
SIJMSX•SUMSX+O~.LSXN SRGol/600 
SUMHY~5UM5Y+DtLSYN SRG&'I900 
V5•7144,0'VN 5RG70000 
&T•SA(N)+5~+5UMSX+SUMSY+SPN SRG70100 
sw•SUMSX+SU~SY SRG70200 

C SRIH0300 
IF (IO~IT,Hl,ll GO TO '100 8R-G70~00 

C If !OMIT NOT lQUAL It OUTPUT Rf8ULTU ARE PRINTfD OUT IN OETA(L ,OR 5RG70500 
C fACH TIM~ LtVfL, SRG70b00 
C SRG70700 

wRITl Cbo680I OISTcLltDCLl BRG7oeoo 
860 POH~Al IIXtF~,Io~Xt~5,ll SRG70'100 

~Rllt (boRqO) OAVG(LloSPNoSA(N)tBttVStSU~SXoSUMSYtSWtST SRGTIOOO 
8'10 FDkMAT (21Xof~olo~X,~Q,2o6X,~Q,2t7XoP4 1 2o6X 1 F7 1 It5XoPboltbX 1 ,7 1 3tbSRG7)100 

2XoF~,jo5Xo~~ 1 2) SRG71200 
'100 SXP(Ll•SUMSX SRG71l00 

SYP(Ll~SU~SY SRG71400 
SPP(Ll•SPN SRG71SOO 
VP(L)KVN SRG7!~00 
~P(Ll=HN SRG71700 

'IIC CONTINUf 5RG71600 
C ~RG71900 
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TZO 

725 

730 

7lS 

7U5 

750 

1~5 

770 

715 

c 
c 

c c 
c 
Q~O 

900 

~H~C~ TO Stf IF OUTPUT RtSULTS AR[ TO 6! PRlNTfO 
If ltUM!T 1 ~Q 1 1) GO TO 9l0 

SX(Nl•SUMSX 
SY(N)•SU~SY 
sww(~l•S• 
SP~tS!N)•SPN 
STOT(Nl•~T 
SAP•SA(~) 
CONTINU~ 

K•l 
OUM~Y CUNTl~OE 

CONTINUf 
~RlT~ 1~•760) 
WRITE (~,q~Q) 

T~l RESULTS ARl SUMMARIZED ~OR ALL l!Mf LEVELS, 

8RG12000 
SRG72100 
SRG72200 
SRG72300 
5RGT2400 
SR~72500 

SRG72b00 
SRG72100 
SRG72800 
~RG12900 
SRG7lOOO 
SRG73100 
SRG73200 
SRG73300 
SRG73400 
SRG73500 
iRG73bOO 
SRG1J100 
SRG7J800 
SRG7l~OO 
iRGTUOOO 
SRGTatoo 

fO~~AT !18~oUI~SUMMARY OF OP~N COAST STOR~ SURGE ~ROBLEHtl//) SRG?qaoo 
•HIT~ (ot9b0l SHG7ijJQO 
~ORMAT (U0~o3BHPROJ~CT ELEM£NT 1~1001 &!C STORM SURG~o//), SH~TquoO 
•RITE (nooO) (A(Ilol=lo20) SRG7U500 
MRIT[ (bobOO) ITYPtoPHllollO~~ SRG7ub00 
oRITt (btn!Ol POoPN,Ro•~oV~ 1 5EoBt&RoBFF SRG74700 
•HIT~ (noq?O) SRG7q6QO 
fORMAT (/o20Xt7UH-l~D STRESS tQUAT!ON ~K(Ll • 0,00000121+ 0 1 00000SRG7uqoo 

~27~• Ct,O • lbo0/W!Lll•*2o/) SRG75000 
wRITE CbobcO) SRG7~100 
wRITE (boq80) . SRG7~200 
fOR~AT (t///o2Xo~HT!~EobXoS~SETU~t~Xo~HS~TUPo~XoqHTOT, W1NDolXoqHASRG7~300 

25To TlDfolXotlH!NlTIAL ~ATtRoUXo6HP~ESSURto3Xo!IHTOTAL WATERo7XolqSRG75400 
lHTlD~ CORRtCTtO/oiX 1 1H!HOUASiolXo7HX•COMP,,3X 1 7HY~CO~P,,qXt5H6tTU~SRu7~500 
Uo7Xo~HLIVtLo9Xt5~L~Vl~oiOX,~H~tlUPo7XiSHLtVtLoiO~tltHTOTAL ~ATER ~SRG7~b00 
5EVlL/oliXo~~~FT,),~Xo~H(~T,)o5Xo5H(FT,)obXt9HtrT, ~L")tbXt5HifTo)tSRG7~700 
~IOXo5~(FI,)obXt~H(~Tt MLW)ti!Xo9H(fTo ML~)//) . SR~7~800 
A~UuRzo,o SRG7~qoo 
00 1000 ~•loN~ SRG76000 
AHOUH•AHOUR+OE~T(N) SR~7bl00 
~~ITt (boqqo) AHOURoSXI~)oSY(N)tSWW(NltSA(N)oSfoSPRES!N)tiTOT!N) SRGTb200 
FO~MAT (2Xo,bo2oo5K,,6,2o4X 1 ~b,Zo4Korb,2obX,,b,Zt8KtFb,loqKtF6,2o7SRG7blOO 

2Xo,b,2o15Xo1Hol SRGTb400 
1000 CONTJNU~ SRG7b500 

IF C~olQ,l) GO TO 1010 SRG7b~OO 
~•K+t SRG7b700 
Go To quo SRG7beoo 

C DUM~Y CUNTlNUt SRG1bq00 
1010 CONTINUE SRG17000 

I~ !IDUM,Gt,lLASTl STOP 00000 SRG77100 
kE~t~O 39 SRG11200 
IOUM•lDUM+t 8R077300 
oo ro 40 SR07Taoo 

102n STOP SROTT500 
E~D SR01T.OO 
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SU~~UUTI~~ HRwDP~ (~) HR~OO!OO 
C HRw00200 
C ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''HR~OOlOO 
C HR~00400 
C THIS ROUTINl CO~PUTES ~~~n Vf~DCITY MAGNITUDE AND OIRECTIO~ A~ONG A HRW00500 
C TRAV~RS~ ~INl wHICH PASStS THRU A PROBAB~e MAXIMUM HURRICANl AT THl HRWOObOO 
C POINT wHlR~ wiNO VELOCITY IS GREATlST, THIS TRAVlRSl .IS II~. HRW00700 
C DEG,COU~TfHC~DCK•ISl TO THf ~~~E Of SYMMETRY OF THf P,M,H, ISOV~LS, HRwooeoo 
c HRwooqoo 

10 C VARIABLtS NOT DEFINlO IN THia ROUT!Nf •ILL BE DEFINED IN ANOTHER HRWO!OOO 
C ROUTI~t HR~OIIOO 
C HHW01200 
C THl MAGNITUDl OF THE WIND Vf~OCITYt ~(L), IS ASSUMED TO BE GIVEN HRwOtlOO 
c BY THE fORMULA HRW01400 

IIJ C •(L) • wx•vXX(RHO/H) • o~*(t,•COS(THETA))*V~*Io151 HRW01500 
C w~tRt HRWOtbOO 
C RS(L) AND THETA ARE POLAR COUROINATfS OF O!STAhCf AND ANGLE Rf~ HRWOITOO 
C 5PlCTIVfLY 1 (THt INITIAL RAY or THE COORDINAT~ SVSTlM IS ALONG HRWOieOO 
C TMt ISOVtL AXIS 0~ 5Y~~ETRY AND PASSlS THRU THE MAXI~UM VELOCITY HR~01q00 

zo t POI~T, TME ORIGIN IS AT THt HURRICANE Cf~TER,) HRW02000 
C AND "H!~l VXX IS T~l H~W02100 
C kELATIVE wiND VELOCITY OISTRI~UTION ALONG THt POLAR COORD, HRW0?.200 
C INITIAL ~AY, R IS THE DI~TANC~ FROM THl ORIGIN TO TH~ MAXIMUM HRW02300 
C VELOCITY POINT, wX IS TH~ MAXIMU~ •INO VELOCITY, V~ IS THE HRW02400 

Z5 C VELOCITY AT ~HICH THE lNTIRE HURRICANf IS MOVING, HRw02500 
C CDISTA~CfS ARE I~ NAUTICAL MILES, vr IS IN KNOTS, W(L) AND WX ~R•02b00 
C ARt IN M,P,H 0 ) HR•02700 
C HRw02800 
C THf VARIABLlS THETA AND THETAD ARf UStD FOR CLARITY TO IL~USTRATE HRw02QOO 
C CHANGf8 IM T~[ VALUE O' TH, THESE VARIABLES 00 NOT APPEAR IN HR~03000 
C THl HOUTINEo TH IS U~hD TO HtPR~SENT THlTA A~O THETAO, HR•OliOO 
C TH IS ORIGINALLY TH!TA IN RADIANS "HICH IS THf POLAR COOROI~AT~ HR~03200 

l" 

C 0~ ~OCATION ~OR RS(L), TH IS CO~VtRTEO TO TMETAO(ANGLE wHICH HRw0$300 
C I~CLUDtS D!~LtCTION) 0 THF.N THIS CONVtRTfO TO TH~TAO • 25, DEGREfS,HRWOl400 
C THl SU~TRACTION OF 25, OEGRE~S WAS A CORRECTION ~OR GEO~fTRY 1 HRW03500 
C THE wiND OIRlCTIO~o T~lTADt IS GIVEN ~y TH~ FOLLOWING FORMULA~ HRWOjbOO 
C T~lTAD•THtTA+2~ 1 . IF RS(L)/R LT lo2 MRW0l700 
C T~lTAOaTHE1A+IS,•CRSCL)•R)/Clo2*R•R)+IO, IF lo LT RS(L)/R LT le2 HR~03800 
C THETAD•TMlTA+IO,•RS(L)IR IF R~(L)/R LT It MR~o3q00 
c HR .. ouooo 
C (ANGLES 4R! IN DEGREES, COU~T~RC~OCKWIS~ IS POS,) HRw04IOO 
C HRwOQ200 
C OTHE~ FORTRAN VARIABLFS ARE AS FOLLO~S, HRWOUlOO 
C De~ • DIFF~RENCE AtT•lE~ POINTS ON THE TRAVERSE, HRW04400 
C DISTO • INITIAL DtSTANCE A~O~G TRAVlRSE LINf TO POINT 0~ MAXIMUM HRw04~00 
C ~I~O VELOCITY, HRoOUbOO 
C HR • Tl~~ STEP HR"04700 
C· RADl • ~UM6tR OF DEGRt~S EQUAL TO nNE RADIAN (CONVlRSION FACTOR) HRW04600 

')0 
C X A~D Y ARE CARTESIA~ COURDI~ATtS COHRESPONDI~G TO THE POLAR HRo041100 
C C00RDINAT~6, X~IS ARE RHOtR RATIOS A~ONG THE INITIA~ HRw05000. 
C RAY, VX!S ARE OIGITtZrO ~IND BPEtOS CORRESPONOI~G TO THE XXISo HRw05100 
C OX AND OY ARE INCHEMtN!S 0~ X HR"0~200 
C AND Y ALONG THE VELOCITY PRO,ILE, HRw05300 
C AL IS A OISTANCf ALONG THE VELOCITY PROFILE AT wHICH COMPUTATIONS HRw0~400 

55 C B~GIN 0 HRw05500 
C XP IS THE MIN, ntSTANCE FROM TH! HURRICANE C!NT!~ TO THE T~AVERI!HRWO,bOO 

110 

115 

C LINE, Hlh05700 
C MlhOt;IIOO 
C HRw051100 

Dl~tNSIO~ ~Ct500ltTCI500)eDE~T(200)tDIST(50)tHSC1500)tVX(I1100) HRWObOOO 
COMHQ~ /PfF/ KEY HRWQbiOO 
COMMO~ /WND/ WtToOtLTtOISTtVXtRS HR•Ob200 
COM~O~ /PAR/ LMoVFe~XtRtOISTOoXP HRW0b300 

C SN A~D CS ARE SIN(tl~l AND C0S(I15), RADI IS 25 OEG, IN RA0IANS 1 HR•Ob400 
nATA SN,CS,RAD!oRA01tPl l,qOb3lto422b2t 1 Ulb3l2t~7t2q577&•Tt HR~Ob500 

2 lo!41~1127/ HR~ObbOO 

10 

C t1R•Ob700 
C COMPuTE PROFILf PARAMET~RS, HR~Ob800 
C COM~UTE TI~E ELAPSED, . HRwObQOO· 

H~•~, HRW07000 
MX•~•I HRW07100 
I~ (~X,Lf,O) GO TO 20 HRw07200 
DO 10 L•l o'IX HR•07l00 

10 H~•HR+DfLTIL) HRW07400 
20 A~•niSTO•OIST(I)~HR•V' HRW07500 

IF ~~~Y,~Q,I) •~ITt C~tlO) ~oHR ~RwOTbOO 
lO FO~~AT CI5H TIME INCRtM£NTti3t5XtF5 0 ItbH HOURS) HR~07700 
C COMPUTE I~ITIAL X A~O Y, HRw07800 

X•R•AL'CS HRw071100 

158 



1!0 

85 

100 

105 

110 

11'5 

li!O 

v·•~•SN ~R~oeooo 
C HR~06l00 

I~ CK~Y,EQ,O) GO TO 70 ~R~06i!OO 
C PRI~T PARA~ET~RS 1 HR~08lOO 

•RlT~ (bt~O) RtVf•w~t-P HR~08400 
qO fO~MAT (l·t~XtlHR ••~&,i!tqH N1 Mt~LStUKtUHV~ •o~boi!tbH KN0TStUXt5~HRW08500 

2 wX atf7,2t7H ~,P,~ 1 /IXt12Hx DISTANC~ .,~s,z,qH N, ~ILES) HHW08b00 
•~ITE (bt50) HRW08700 

';0 ~ORMAT (II) HHW081!00 
C PRI~T TITLE, HRwosqoo 

WRIT~ (btbO) HRWOqOOO 
oD 'O~MAT CIXobXti,HOISTANCE ~R0MobXtb~RAOtALt!DXtUHWINDt5Xti!U~A~GL~ HRwoqiOD 

2rROM THAVt~SE LtN~/!XteXoi0HCDA8T LtNEobXt8HOtSTANClt?Xt8HVELOCtTYHRwoqzoo 
lt4Xo2lHC0UNT~RCLUCKwls~ POS,/IXtqXti!HN 1 MlL~S 1 7Xti!HN, MILE8tqXt&HMHRwQq]00 
U 1 P,H,t5XtqH(OEGRE~S)) ~Rwoq400 

wRlTt Cbt~D) HRwoqsoo 
C RfPETETtV~ CO~PUT&TlON Of WINO VELOCITY AND DIRfCTION VERSUS X AND Y,HR•Oq&OO 
10 o·o qo L•I•L.H HRwoq7oO 

RS(Ll=5QRTCX•*2+Y**21 HRwoqsoo 
CALL UUAD (XtYtTM) HRWQqqoo 

C TH • ANGLE ~ROM LINE nf SYMM~TRV TO RADIUS VECTOR (RS(L)) HRWIOOOO 
CALL VEL (R3(L) ,VXX) HR~IOIOO 
w(L)•wx•vtX•,5*Clo•COS(TH))*Vf*l 0 151 HR~I0200 
CALL DEFL (f~IRS(Lll HR~!OlOO 

C T~ • WI~O A~GLE •ITH CORRECTION FOH DE~L~CTION ~RWIOUOO 
C T(Ll • •IND ANGL~ • 2~ D~GR~~S fOR GtOMETRY MR~I0500 

T(L)•TH.RAOI HRwtObOO 
C CO~VtRT wt~D VELOCITY ANGLE TO DEG, FROM 115 DEG, LINE, HR~I0700 

TH•RADZ•TCL) HRwt0800 
c 1'1R~toqoo 
C I~ KlY • I• ~IND VELOCITY PRINTOUT IS 1NCLUD!D 1 Ir K!V • Ot WIND HRwttOOO 
C VELOCITY PRINTOUT IS SUPRtSStOo HRwiiiOO 
C HR~IIi!OO 

If C~EY,EQ,I) WRIT~ C&t80) DlST(L)oRS(LltWCLltTH HRWIIlOO 
eo fO~MAT CIX,Q~I~ 0 2) HRWIIUOD 

IF (L,Gf,LM) GO TO qO HR~II500 
D~LaDISTCL)•DlSTCL+tl HR•IIbOO 
XEXwOEL•CS MR~II700 
Y•Y+OEL*S~ HRWtteOO 

90 CbNTINUE HH~JiqOO 
1r CKEY,~Q,O) RETURN HR~I2000 
wRIT~ CbtiOO) HR~Ii!IOO 

100 ~ORMAT C//IXtqqHX AXIS II ALONG HURRICANE lSOV~L AXIS 0~ SYMMETRY)HRW!i!i!OO 
WRIH C&tiiO) HRWii!lOO 

110 FORMAT ClHI) HRwt2QOO 
R~TU~N HRWli!500 
END HRWl2oOO 
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SU~HUUTINf QUAD (XoVoTH) ~UDOOIOC 

C tlUD00200 
C *****'**'''*'****'*'*****'''*******************'*'****************QUDOOlOO 
C QUD00400 
C THIS ROUTINE CD~PUT~S ARCTANGENT~ AND DETERHIN~S TH£ APPHOPRIATE QUD00500 
C QUADHA~T, QUDOObOO 
C QUOO 0 T 0 0 
C VARlAH~ES NOT OE~t~EO 1~ THIS ROUTINE Wl~L BE O~flNEO lN. ANOTHER GUD00800 
C ROUTINE QUOOQQOO 

10 C QUDOIOOO 
C X IS ALONG THE P,M,H, AXIS OP SVMHETRV THRU THE CENTER, QUDOIIOO 
C Y IS P~RPENDICULAR TO X1 QUOOI200 

15 

20 

C QU001300 
DATA PI /l 0 1415Q27/ QUDOI400 

C ~RROR IS GIV~N AN INITIAL VA~UE 1 QUD0\500 
DATA lHROR /2HOO/ QUOO!&OO 

C TEST FOR+ OR~ PI/2 QUDOI700 
IF (A~S(X),GT,,OOOO!) GO TO 40 QUD0!800 
If (ABS(Vl,LTooOOOOtl tHROR•2HOe QUOO!QOO 
IF (~RROR 1 ~Q 1 lHOBl GO TO 10 QU002000 

25 

GO TO 40 QUD02IOO 
C PRINT ~RROR ~~SSAG~ QU002200 
10 wR I H ( b o20 l ERROR QUD02l00 
20 ~ORMAT (/o1Xo36H***** ERROR fROM SUBROUTINE QUAD '*'**tl/oiXtbHERRQUD02QOO 

ZOR oA2) QUD02500 
•RITE (&olOl QUD02&00 

JO ~OHMAT IJXoRBM SfE FRROR TAS~E IN CERC TM TITLE VfRI~lCATION STUDYQUOOZTOO 
2 0~ A HATMYSTROpiC eTOH~ SURGE HODEL) QUD02600 

10 
STOP QUDozqoo 

C TEST ~OR QUADRANT, QU003000 
40 I~ .CXoLT,O,,ANO,Y,GT,Ool GO TO &0 OUDOllOO 

IF (X,~Q,O,,AND,V,GT,O,I GO TO 70 tlUDOl200 
If (X,GT,O,,AND,V 1 G~ 1 0 1 l GO TO 60 QUOOllOO 

l'i 
If !X,GT,O,,ANO,Y 1 LT 1 0,1 GO TO 90 QUDOl400 
ERRQR&2H10 QUDOlSOO 

c P~I~T lkROR M~SSAGE QUD03&00 
WRIH lt.o20) t.RROR QUOOl700 
wRITl !bolO) QUDOl800 

410 
wRIH C&o50l XoY QUDOlQOO 

50 ~O~MAT !1Xo2FIO,)l QUDOUOOO 
STOP QUD04100 

45 

C C.IUOOU200 
C 2ND QUADRANT, QU004300 
110 TH•PI•ATAN(•V/Xl QUD04400 

GO TO 100 QUOOU'500 
70 TM•Pl/Z 1 GUD04&00 

'!10 

55 

GO TO IOO OUOOUTOO 
C 1ST QUADRANT, QUOOU600 
BO TM•ATAN(Y/Xl QUD04QOO 

GO TO 100 QUDO~OOO 
C IITI< QUADRANT, OUDOSIOO 
qQ TM•d TAN ( •YIX) QU005200 
C T~ST ~OR R~ASQNAH~lNES5 1 QUDOSJOO 
C TMl VALUf Of THtTA (THl SHOULD BE HET~EEN 115, OEG, AND QUD05400 
C •&5, OtG, ALONG THE WIND VELOCITY PROFILE, QUDO~~OO 
100 I~ (TH 1 LT 1 CI15 1 /IBO,l•PI,AND 1 TH,GT 1 w(&5 1 /leo,l•Pll RETURN QUD05&00 

tRHOH•2H11 OUD05700 
C PRiNl ~RROH MESSAGE QU005&00 

wu 1 n < b, 2 o 1 ERROR QUDosqoo 
~RlTl C&o30l QUOOI>OOO 
WRITE (bo!IOl TH QUDOIIIOO 
STOP QUDOI>ZOO 
END QUDOI>SOO 
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SUHROUTI~E D<F~ (TH,RHO) DEf~OIOO 
C DH 00?00 
C ''''''*'''''*''''''''''''''**''****'''''**'*''*'*'''''*'*''*'*''*'DE~OOlOO 
C D~~ 00~00 
C THIS RUUTIN~ COHPUltS THt ~IND DIRECTION aS A FUNCTION 0~ THETA OEfOOSOO 
C aND RHOIR, THf ~ORMU~AS ARt CXP~AIN!D ~LSfWH!Rfo Of~OObOO 
C OEF00700 
C VARIABLtS NOT DEfiNED IN THIS ROUTINE •ILL BE DE,lNEO IN ANOTH~R Ot~00800 
C ROUTINt OEFOO~OO 

10 C Dt~OIOOO 
C R~U • RADIAL OlSTANCf ~OR PRESENT POINT ON TRAVERSE OtFOIIOO 

COMMON /~AH/ LHoVFoWXoRoDISTOoXP OEPOI200 
DATA PI /3,141~927/ DEPOilOO 
I~ (RHO,GE,t,2•Rl GO TO IO OEFOI400 

1'5 lP (RHO,LT,Hl GO TO 20 DlfOI500 
TH•TH+(!Oo/180ol•PI+(I5o/180ol•Pl•(RHU•R)/( 1 ~•Rl OE~OibOO 
RETURN . DEF01700 

10 TH•TH+(ZSo/160oloPI DEf01800 
RETURN OEF01q00 

i!O C DEF02000 
20 TH~TH+(RHO/Rl*CIOo/!80,l•PI OE~02100 

RETURN Off02200 
END 0[,0Zl00 

IUijROUTINt W~L (RHDoVXX) VELOOIOO 
C VEL00200 
C ***'*************'*'***'*'*********'*'*'*'*'**'*'*''*****'***'*''*VEL00300 
C V~L00400 

'5 C T~IS ROUTIN~ ~AKES AN INTERPOLATION 0~ WIND V~LOCITY ALONG T~E VEL00500 
C P,M,"• AXIS Of 5YH~ETRY 1 V!LOObOO 
C VELOOTOO 
C VAHIARLES NOT DEfi~ED IN THIS ROUT!Nf ~ILL B! DE,INEO IN ANOTHER VEL00600 
C ROUTlNl VELooqoo 

10 C VELOIOOO 
C RHO a RADIAL O!~TANC~ FUR PRESfNT POINT ON TRAVERSE VFLOI!OO 

DIMENSION ~ct~OO)oTCI~OO)oO~LT(200)oDISTC50)oRi(l~00)oVX(IbOOl VfLOI200 
COMMON ~~~PI WoToDELToDISToVXoHS VlL01300 

I!> 
COMMON /PAR/ L~oV~oWXoRoOISTOoXP VlLOIQOO 
COMMON /PTS/ ~PTS VlLOl~OO 

C VELOibOO 
t XX A~O X! ARE oiSTANC~S ALONG THE P,M 0 M, aXIS 0~ SVMMfTRY 1 V~LOITOO 

20 

XI•RHO/R VEL01800 
C C~tC~ HHO/H fOR REASONABLlNESS, VtLO!qOO 

IP (XI,r.T,,Rq,AND,X1 1 LTo29o!l GO TO 50 VELOlOOO 
C PRINT ~RHOR ~~SSAGl VEL02100 
10 •H!H C6o20l VEL02200 
iO ~ORMAT Clo1Xo37H••••• ERROH ~HOM SUBROUTlNf VfL *''**t//oiX 0 8H~RH0VEL02300 

lO 

35 

110 

ZR 12) VEL02400 
•~IH (bo.\0) VlL02~00 

30 ~OHMAI C3Xo8eH SEf FRHOR TABLf IN CERC T~ TITLE VfRl~ICATION ITUDYVlLOibOO 
2 nF A BATHYSTROPIC STORM SURG~ HODFLl VE~02700 

•RITt CboijO)-Xl VEL02800 
40 ~ON~Ai (IXoqHXI •oP\0 0 loi'H UNREASONA!Lr INPUT) VELozqoo 

vxxc.qqq, Vl~030oo 
STO~ VE~03lOO 

C SfARC~ FOR APPHOPRIAT! VX POINTS, VEL03200 
50 DO bO I•loNPTS VtLOllOO 

xx•,76+,o2•I V~L03400 
I~ !Xl,GT,XX) GO TO bO VELOlSOO 
~·I VfLOlbOO 
GO TO 70 V[L03700 

•0 CONTINUE V~L03800 
GO TO tn VELQSqoo 

C VELO~OOO 
10 X~•50o•(VX(M)NVX(M•!ll VELO~IOO 

VXX•XM*(XI•XX)+VX(M•Il VlL04ZOO 
R~TURN VfLOGSOO 
~NO VEL04400 
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10 

15 

20 

25 

30 

uo 

50 

55 

70 

75 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c 

c 
c 
c 

c 
c 

c 
I o 

i!O 

30 

c 
40 

50 
c 
bO 
c 

70 
c 
80 
c 
c c 

100 

110 

120 

SU~RUUT!~~ STHTPT STH00100 
STROOi!OO 

'''''~'''''''''''''''''''''''''''''''''''''''''''''''''''''''''*'&TROOlOO 

T><!S SUHHoliT!"'E CnMPUHS THr RADIAL D!STA~CE AT ~H!CH WINO V~.LOCITY 
FOR A P,M,H,· EQUALS 0, THIS !S USED TO CpMPUT~ TH~ STARTING ~OINT 
ON THE TRAV~HSk LINt, 

VAHIIBLtS NOT nf'I~ED I~ THIS "OUfiNE ~ILL BE OfFJNfD IN ANOTHER 
HOUTI"'~ 

D!STO • INITIAL DISTANCE 
•t'-<0 VE.LDCITV I 

ALO~G THAV~RSl LINE TO POINT OF MAXIMUM 

STROOUOO 
STROO':iOO 
STROObOO 
STROOTOO 
STR00600 
STROO'IOO 
STR01000 
STR01100 
STRO!i!OO 
STROI300 

H~O • RADIAL DISTANC~ AT WHICH WINO VELOCITY fQUALS 
YPP • DISTA~Ct ALQ~G THAVfRSf FROM ~OINT OF MAXIMUM 

ZERO STR01UOO 
~INO TO POINT STROI500 

~HERE xP TNTERSECTS TRAV~RSE LINE, 
DI~f~S!U"' •II~OO)oTC1500)tDELT(200)tOISTI50)tR811500)tVXCI•OO) 
COMMON /PAP/ LMtVF,~XtRtDISTOtXP . 
COMMON /PTSI NPTS 
COM~O~ /WND/ WtTtDELTtDISTtVXtRS 

SN At..D CS ARt SIN(II5) A~D COSI115), 
DATA SNtCS /,'IOb31t,q22b21 

vxza,s•ct,+CSJ•vF•t.t~t/wX 

00 10 1•1t~PT5 
IF (VX( Yl,GT ,VXZ) GO TO 70 

Co~PUTf k40IAL DISTANCl AT wHICH WIND VELoCITY EQUALS O, 
HH(J•,7b+It,02 

CHEC~ TO AVOID DIVIStnN BY Z~R0 1 
lE•A~S(VX(IJ•VXCI~I)) 
IF (El,GT,,oonOI) GO TO ~0 
fEKAHS(VXZwVX(I•I)) 
IF (lloLT,,OOOOil Gn TO QO 

PRI"'T ~HROR ~ES~AGE 
•~IT! (bolO) 

3T~OibOO 
STROI700 
STROI800 
STROICIOO 
$TR02000 
STROi!tOO 
STROi.'200 
STROi!lOO 
STROi!UOO 
STRO;,><;oo 
STROi!bOO 
STR02700 
SfROi!800 
6TR02'100 
STROlOOO 
STROliOO 
STR03200 
STROBOO 
iTR03UOO 
STR03':iOO 
STRO:ibOO 

FORMAT Clt1Xt40H''''* ~RROH 
i!RRO~ 13) 

fRO~ SUBHOUTlN[ STRT'T '''''•llt1Xt8HESTR03700 

•HlTE lbo20l 
~ORMAT CJXtA~H S~E fRROR TABLE IN CEHC'TM TlTLf VERI,lCATlON 

2 0~ A HAT~YSTROPIC STORM SURGE MODEL) 
wRITE Cbt!O) VXCI•tliVXIl)tVXZtl 
~OkHAT (1Xti!5HTI~T VOU OIYJOtD BY Z~RO,tJriOe5tl5) 
STOP 

XMa 1 !) 
GO T(l bO 
XH•Cvxl~vxcz~tlltlvxCIJ~vxcz•lll 

~AKf FINAL I~TERPOLAT!O~, 
llH0mRHO+XM•,02 

RHO IS l~ITlAL DIST 1 'ROM P 1 ~ 1 ~, CE~T~R, 
Rt<OaRHO•H 
GO TO BO 
CO'ITI'-<Uf 

YPP•~•Cs 
XP IS THE HORIZD~TAL 

XP•R•S'I 
TRAV!:.Rst LINf I 

CO~PUTL l'IITIAL POINT ALO~G TRAVERSf LINE, 
P!5TO•VpP+SQHT(R~o••2•XP**2) 
wRITE llltQO) RMOtOlSTO 

STf<OllloO 
STfl03900 

IHUDVSTROUOOO 
STROUtOO 
STROU200 
STROUlOO 
STROQUOO 
8TROII':i00 
STR04bOO 
STROll TOO 
STROUBOO 
STR04'100 
STRO!!tOOO 
STR05IOO 
STRO':ii!OO 
STH05300 
STH0~400 
STRO!l'iOO 
STR05bo0 
STR05700 
STRO!>BOO 
STRO':i900 
STROt>OOO 
STRObiOO 
STROb200 

'OR~AT CIIXoblHRADlAL OlSTANC~ AT ~HICM 
? EUUALS O,,F'Ioi/IH t73HINITIAL PISTANC~ 
JOINT OF HAX,.WIND VfL 1 EQUALS tF'1 1 1) 

wRlTl (&tiOO) 

WINO V!~OCITY FOR A P,M,H,STROblOO 
ALONQ TRAVERSf LINE ~ROM PSTR06QOO 

FoHt1AT (lH057HH40lAL DISTANCE MEANS DlSTA~Cf FROM CtNTtR 0' 
2AIIot, ) 

"RlTt C!>tiiO) 

STH0!>500 
STAObbOO 

HURRICSTROIITOO 
STRObeoo 
STROb'IOO 

~O~~AT ClXtb5HDtiT4NCE ~HOM COAITLINE MEANS OliTA~C[ 'ARALt£L TO T8TROT000 
STROTIOO 
STROTC!OO 
ITHOUOO 
STft07~00 
STROT!IOO 

2RAVERS~ Ll~l,) 
•RITE lbtl20) 
~OHHAT (!HI) 
RfTUHN 
fNll 
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SUtlROUTI~f PRO~Il C!ZO~toiTYPEoRRoiRRtiDATAt~ISTl PROOOIOO 
C PR000200 
C ooooooooo-ooooooooooooooooooooooooooooooooooooooo*'***''*''''''''*PRU00300 
C PROOOUOO 
C ,~RMt~LY PRQr.RAM P~OFIL PRUOOSOO 
t ~HOOO&OO 
C 722SURt2MO (PHOF!ll I~T~RPOLATION 0~ HURRIA~E VtLDCITY PROFI~ES, PROOOTOO 

O!Mf~SION R(2)o!RR(2000)tVR2C2tT~O)oXR2(lt750)oVTMP(2t2000)oXXA(2)PROOOeOO 
?.oYYAC2)oAX(2)t!AX(lh) PROooqoo 

10 n!M[N5ION lRR(q)oDU~(Ib) PROOIOOO 
CO~MUN /PTS/ ~PTS PROOIIOO 
COMMON /TtS/ BOMB PROOI200 
Rt~IND !DATA PROOI300 

C PROOIUOO 
15 C VARIABLt5 NOT DEFI~tn I~ THIS ROUT!Nt "l~~ BE DEFINlO IN A~OTHER PROOI~OO 

C ROUTl~t PROOI&OO 
C PROOI700 
C T~!S PRUGRAM INTERPOLAT!S A PRO,!~f fOH A PMH WITH S!Zf PARAMfffRo PRDO!ftOO 
C RR, bET•tt~ 2 Dl~llllfO PMH PROFILtS WITH Sllf ~ARAMtTERSt R(l) PRUOlqOO. 

20 C AND RC2) AND PRINTS T~t OUTPUT IF R[OUfSTfD, TMIS OUTPUT IS PA~T OFPROOZOOO 
C T~E I~PUT FOk PROGRAM SURGt, PROOiiOO 
C PR002200 
C . H~LATIVE VELOCITY VALUES ARl INT~RPOLATED ALONG THf PMH PRO~IL~S PR002300 
C ~~ICH •EH~ RtAD l~o AT INTERVALS 0~ ,02, THESE VA~UES ARE STORED PR0024100 
C IN THE VTMP ARRAY, THtN THE VA~UES STOHlD IN VTMP ARE'USED TO MAK~ PR002500 
C l~TEHPO~ATIO~S roR TMf CONSTRUCTION OF A PMH WITH A SIZE PR002~00 
C PARAMETER or RR NAUTICAL ~~~ES, THESf FINA~ INTERPO~ATIONS ARf PRD02100 
C STORtO IN IRR, PROOceOO 
c PRoozqoo :so C CAUTION, THl ~OGIC OF THIS PROGRAM IS RATHER D~~lCAT[ IN PR003000 
C PLACES, Bt~ORE MAKING ANY PROGRAM CHANGfS IT ~OULD PR003100 
C BE ~!Sf Tn RfAO THE WARNINGS lNOICATED BfLOW, PR003200 
C PR003~00 
C PRD03~00 

)5 C DEFINITION OF FORTRAN VAHIA8LfS IS AS FOlLOwS, PR003~00 
C R 15 THE DISTANt~ FRO~ THE PMH CtNTER TO TM~ POINT OF MA~ WINO PR003b00 
C VtLDCITY, H !5 A ~ARAMETtR FO~ THE PMH PROFILES ~HICH ~tRE PR003700 
C DIG!T!ZtO, RR IS THE DISTANCE FROM THE PMH CtNTER TO THE POINT PR003600 

40 
C 0~ MAX ~1~0 V~LOC!TY ~OR THE PMH PRUFILf BEING CONSTRUCTED, PR003qoo 
C IkR IS TME fi~Al !NTfRPOLATEO VALUlS OF THE PMH PRO~ILf SElNG PROOUOOO 
C CONSTRUCJtDo AS A FUNCTION Of RELATlVl DI&TANCE, V~2 IS RE~, Vl~OPROOUIOO 
C •CITY VALUES OF Ttit OIG"ITIZfO Pl-lti PRO'!~ES, ~R2 IS DIGITIHD PROOII?OO 
C VALUlS Of R!LATIVt DISTANCE CORHfSPONDING TO THf VR2[S, PROOUlOO 

41'1 
C VTMP IS INTtRPO~AT~O VA~UES OF RflATIV~ VELOCITY ALONG TH~ DIGIT•PROOUUOO 
C !ZED PHOFI~ESo CXXA(I)oVYACiloi•It2) ARE (XtY) POINTS USfD TO PROOU~OO 
C ~AKE LINEAR INTtRPQLATIONS, . PR004b00 
C NPTS IS TH~ NUMBER 0~ POINTS BlTwEEN X • ,8 AND X • 30 1 SPACED AT PROOU700 
C INCREMtNTS OF ~ lQUAL TO ,02, PROOUftOO 
C IU AND ll ARF USED TO READ AND PRINT OUT DATA CARO BY PR004~00 

50 C CARO OR LINE 8V LlNE, PR005000 
C ITVPl IS THE TYPE oF HURRICANE M00tL 1 (PMH OR IPH) PROO~IOO 
C ~ROO~ZOO 
C PROOSlOO 
C I10TE 0 • PM~ "1EA~S PROSABLE MAXIMUM MUfiRlCANt 1 PROO!iUOO 
C PROOS500 
C P~OO,bOO 

DATA ltKX /o0000lt~M 01 ooo/ PROOI700 

bO 

C wAHNING 1 NPl6 SHOU~O ALwAYS bt ~ESS THA~ ZOOO, OTHtRwiSf PR00~600 
C T~t DIMENSIONS OF VTMr AND IRP WIL~ BE lXCEEOEO AND PROO~qoo 
C SUH£TH1N~ ~~~L SE ClORBERED, PROObOOO 
C PROObiOO 

DATA t~R /~HERH!~oSHERH!StSHERRiboSH~RRI7o5M£RR!fttSHfRRI~t5MERR20oPR00&200 
C' ~H£RR~!o'>11~RR22/ P'ROOblOO 

C PROOb~OO 
C 10 15 GIVE~ AN INITIAL VALUt , IF !D REMAINS • AAAAA iHfN YOU PROObSOO 

70 

75 

C KNUW IlUNf ~AS NOT A L[GAL VALUE ~OR THIS PROGRAI1 PROObbOO 
ID•SHAAAAA PROOb700 
H (IZONhf0,2M A) IOat,HOOOOI PROOb800 
I~ .CIZON~,E0,2H I) ID~~HOOOOI PROObqoo 
I~ (IZO~E,E0,2H 2) !0•5HOOOOI PROOTOOO 
If (!lO~~.~Q,2" 4) IDm~H00001 PROOTIOO 
IF (IZON~,EQ 0 2H S) 1Da5H00002 PR007200 
!F CIZUN~,fQ,2H C) TD•SH00002 PR007l00 
IF CIZONf,~Q,2H 1) IOaSHOOOOl PR007UOO 

C VfRI~Y T~AT ZONE REQU~STEO IS CORR~CT PR007500 
IF CIO,£Q,~HAAAAA) GO TO 10 PH007b00 
GO TO 30 PR007700 

C ~RITE ERROR ~~SSAGl PR007eoo 
10 !IOMBofHR(I) PR007q00 
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60 •t~lH (bo20l IZCJ"~t PROoilooo 
20 FOH~AT C!XouSHZONE REQUtiTED 18 NOT VALID fOR THIS PROGRAMtltiXt51PR008100 

2HvALIO zONtS ARE A0 BoColt2t3t4 0 YOU RrauESTED ZONE tAl) PR008?.00 
GO TO 1120 PR006100 

C PR00811Q0 
85 C READ V~~OClTY PROFilES ,OR RHO/R fROM ,8 TO JOt PR0065QO 

C lNITIALIZ~ ~~ AND !FLAG PROOBbOO 
JO KK=t PROOB700 

IFLAGmO PR008800 
uO READ IIOATAo50) JlOoR(KK) PR008900 
~0 FCJHHAT (~XoA5oF~olt?XtA3) PROOQOOO 
C CHECK FOR CORRtCT ZD~E PR009100 

BOMB•tRH(2) PR009l00 
IF CJID,EQ 0 5HflNAL) GO TO 1120 PR009l00 
~Of'IR:fkll(l) PROO'I400 
I~ CJ!D,Nf 0 IO,AND 1 KK 0 EQ 1 2) GO TO 4ZO PR009500 
IF [JID,NE,IOl GO TO bO PRU09b00 
GO TO 1~ PHOO'ITOO 

bO READ (lOATAtlbOl DU~ PR009600 
tF CDU~CI),EQ 0 5~,,,,,l GO TO 30 PR009900 

100 GO TO bO PROIOOOO 
70 BOM6aERRC4) PRO!OIOO 

lF (R(KK),LT,2 1 0,0R,R(KK),GT,eO,Ol ~0 TO 80 PROIOZOO 
C CHECK FOR BRAC~ETING RAOll PRD!OlOO 

IF (R(KK) 0 LE,RR) GO TO 100 PROI0400 
10!1 IF CR(KK),GT 0 RRl Go TO 110 PROI0500 

80 ~RITE (bt'IO! RC~K! PROIO~OO 
qo FORMAT C!Xt3qHINTERPOLATION RANG~ ~OR R • 2,0 TO DO,Otlt!Xt!THYOU PROI0700 

lR!QUtSTfD R ••IXtF5,1) PHOI0800 
GO TO 420 PRO!O'IOO 

110 C PHOIIOOO 
100 R(ll•H(KK) PROIIIOO 

KK•I PROIIZOO 
GO TO 120 PRO! ISOO 

110' I!O~B•tRR(!I) PilOIIIIOO 
115 IF (KK,EQ 0 1l GO TO u?O PROII500 

C SfT ~LAG TO ~NO READ!N~ PHO!tbOO 
lFLA~•l PRO!t700 

C PROlt800 
120 lS•t PRO!t'IOO 

120 llO IE•IS+7 PR0!2000 
R~AO CIOATAo\QO) (XR2(KKoK)tVR2(KKtK)oK•lBtl!) PR0\2100 

140 FOH~AT (6(FS,2tF5 0 3l) PR012200 
C Tf.ST FOR LAST CARD, PR0!2300 
C ALL q(S J~ COLS 1•5 INDICATES ~NO OF DATA, PHOI21100 

125 t~•AHS(XR2(KKtl8)•999 1 99) PROI2500 
tr CEf,LT,tl GO TO IS" PROI2b00 
Ia•I~+8 PROI2700 
GO TO 130 PAOt2800 

C PR0!2900 
130 C PROI3000 

C CHECK TO MAKE ClRTAlN THAT ll DOE8 NOT EXC~ED 7SOo PR0!3100 
C ~AR~ING, IF Ie EXCtEDS 7~01 TH! O!M~NSIO~S 0~ XR2 AND VR2 PR011200 
C WILL BE tXC£1::0~0, AND SOMETHING wiLL B.£ C:LOIIBEREO, PROtHOO 
!50 ~OM~aEHR(b) PROil400 

115 IF CIEoGT,750) GO TO 420 PR013500 
C DECRlASE IE ~y 6 B~CAUSE I EXTRA CARD ~AS READ, PROI3b00 

Jf•It•8 PR0tl700 
C READ PtRIOOS, PRO!l800 

RfAO (lOATAIIbO) IAX PHOl)qOO 
1110 lbO FOR~<AT (lbA5) PROI4000 

C PRDI"IOO 
C COUNT ~XACT NO OF DATA POINTS, PR0!4200 

DO 170 K•l 16 PROI11300 
I~ (A~S(XRZ(KKoi~~~+lllo~TofoANO,ABS(VR2(KKolE•K+I)) 0 LT 1 El GO TO IPR0!4400 

111'5 270 PROI11500 
C CHECK TO ~AK~ CtHTAlN THAT LAST XR2 VALUf EKCfEDS ]0 0 PRO!IIbOO 
C WjRNING, l' NO VALUE 0, XRZ.[XCEtDS l01 THf LOQlt IN THf DO PROI4700 
C LOOP fNOING AT ITAT!MENT 220 18 BOOBY TRAPPED, PR0!4800 
C PRO I A'IOO 

150 60~0aERRC7l PROI5000 
IF CXR2CKKtlE•K+ll 0 LT,30,) GO TO 1120 PROI5100 
MP•It•K+l PR015200 
GO TO 1&0 PROI5300 

155 
170 CONTINU~ PRO!~IIOO 
C IMPOSSIBLE, PR0!5500 

60M6•tRR(8) PRUISbOO 
GO Tn 11?.0 PR0t~700 

C PR0!5800 
tiiO DO i!IO !Ct o lb PR0!5900 
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1110 

lb'5 

170 

175 

180 

16~ 

190 

i!OO 

l0'5 

i!IO 

uo 

2Z'S 

illO 

i!35 

BOMR.&ERR I 'I) 
If (!AX!I),N~,K~) GO TO 1'10 
GO TO ZIO 

IQO wRIT~ lbo200l lAX 
ZOO 'ORMAT (1XolbA5) 

GO TO ~20 
i!IO CONTINUE 
c 
C ~OTt••••• ONLY ONf. SET 0~ DIGITilfD DATA IS USED WHfN RCKK) a RR 
C StT ~LAG TO END READING ONLY I~ RCKK) EQUALS RR 

!F (R(KK),~Q,RR) I'LAG•I 
C CHlC~ ~LAG TO END R~ADJNij 

c 

IF (I~LAG,lQ,I) ~0 TO 220 
KKaz 
GO To 40 

C INPUT A~D I~TERNAL Co~PUTATIONS AR~ PRINT!D OUT FOR DEBUGGING PUR• 
C POSES IF LIST • I, I~ LIST • 0 INPUT AND INTERNAL COMPUTATIONS 
C NOT PRlNHO, 
c 
C CHECK PRINT OPTION, 
220 If ILIST 1 Nf,!l GO TO 270 

DO 2~0 KK•toi? 
•RIH (6o230) 

2JO FORMAT (IHOolHXR2//l 
WRITE (bo240) (~R2(KKoLloL=IoMP) 

240 fORMAT (1Xolof7 1 l) 
~RlH lbo250) 

2~0 fU~MAT (IHOolHVR2//) 
•RITE (bo240) IVR2(KKoLloL•toMPl 

C SKIP OUT Of LOOP ONLY wHtN RIKK) a RR 
IF CR(KK),~Q 1 RR) GO TO i!70 

i!'O CONTINUf 
c 
c 
C CONSTRUCT INT~RPO~ATfD R~LAT1Vl VELOCITY PROfiLf 1 c 
c 
C IN TME DO ~OOP lNOI~G AT STATtM~NT 2~0oVALUES Of RELATIVE VELOCITY 
C All£ INHRPDLAHD STARTING' 41 ~ a 1 8 AND HIDING AT X • 30, BY 
C INCREMENTS OF Xof~UlL TO oOZ, 
c 
276 DO 340 ~~·I•J c 
C THIS Do LOOP RfFINfS SPACING BfT~E~N OlGITIZ!O OATA POINTS 
c 

X•o6 
IU .. t 
I~U~~o 

C SELEtT DIGITIZtO vALufS Of (XoYl FOR INTfRPOLATION, IA IS A 
C COUNTF.~, wH[N lA • •lo TH~ SU~SCRIPT IA+Z (BELO~) !QUALS 1 1 
C TH[ lEST vAR!AHLtolfu~o IS USED UECAUSt TME INTPR'OLATION 
C C0tFP!Clt~TS MUST BE cOMPUTfO AT LEAST ONC~ BE~OR[ UIING TMf 
c I~TtHPULATIUN ~ORHULA, 

on :\tO r•to~PTS 
IF CXol~oXH?.(K~ollt~) 1 AND,lFUD,fQ 1 1) Go TO 100 
HUD•I 

2~0 I .. IA+I 
I' CXoGT 1 XA21~Koll+Zll GO TO Z80 c 

C X S~UULD ~E HtTw~fN XXA(tl AND XXACZ), 
C SUHST!TUTE APPROPRIATE (XoY) VALUES fOR INTfR~OLATION 1 DO zqo La! o2 

XXA(~)aXR2(KKoll+l) 
290 YYA(Ll=V~2C~Koll+L) 

CALL I~TfRP (XXAtYYAolX) 
300 VTMP(KKot)aAX(Il'~+AX(Z) 
310 XDX+ 1 02 
C CHECK P~INT OPTION, 

I~ (LI~T.~E,t) GO TO 330 
~RITE (bol20l 

3l0 FOHMAT (I~Oo~HVTMP //) 
~RIT~ Cno240) CVTMP(KKoL)oL•Io~PTS) 

C ~KIP ouT OF LOOP ONLY ~H~N R(KK) • RR 
330 IF CRCKK),~U,RR) GO TO 350 
3UO CO~T!NUE 

c 
350 DO 360 I•lo~PTS 
c 
C TH15 1>0 LOOP. !NTERPDl.AHS ~H~HN T~O SfTS 0~ UIGIT!ZfO DATA 

165 

PRO!I>OOO 
PROI&lOO 
PRO!bi!OO 
PROIUOO 
PROII>UOO 
PROII>500 
PROI&&OO 
PR01fl700 
PRoaeoo 
PROteCIOO 
PROI7000 
PROI1l00 
PROIHOO 
f'RO 17300 
PR0!7UOO 
PROI7500 
PROI7b00 
PRO 17100 
PRO\ 7800 
PROI7'100 
PROIIIOOO 
PROIBIOO 
PROI6ZOO 
PR0!6l00 
PROI6UOO 
PROI8500 
PR0l61>00 
PROIB700 
PROI6SOO 
PR0!6CIOO 
PROI'IOOO 
PROICIIOO 
PRO!Cii!OO 
PR0t9300 
PROIC!UOO 
PRO!'l500 
PROI9b00 
PROI9700 
PR0\'1600 
PROI9CIOO 
P~OZOOOO 
PR020IOO 
PR020200 
PR020J00 
PRD~OUOO 
PR020500 
PR020o00 
PR020TOO 
PR020600 
PR020CIOO 
PR021000 
PROZIIOO 
PH02!i!OO 
PR02!300 
PROZ!UOO 
PR02t'500 
PROZ!bOO 
PROitl700 
f'Rozteoo 
PROZICIOO 
PROZi?OOO 
PR022!00 
PR02i:!200 
PR022300 
PROi!i!400 
PROZi!500 
PROZ2bOO 
!'ROU700 
IIROZUOO 
PR02C!CIOO 
PR023QOO 
PR023100 
PR023200 
PR02HOO 
PR02l400 
PR023500 
PRtJ21bOO 
PR023700 
PR023800 
PHOi!lqOO 



z~o 

2!10 

25!1 

ZIIO 

270 

zeo 

c 
c 
c 

3b0 

c 
370 
380 
c 
c 

3qo 
c c 

400 

410 

AND 6TOR~S INT~RPOLATFP VALUES .IN A NEW ARRA~ (IRR)o 

SKIP FOLLOWING LOOP ONLY ~HfN R(KK) • RH 
1~ (RCKKI,EQ,RR) GO TO 370 
00 360 KK•to2 
VVA(KKI•VTMP(KKol) 
XXA(KK)•H(KK) 
CO"TINU~ 
CALL· lNTtRP (XXAoVYAoAX) 
lRR(I):(AX(l)*RRtAX(2))fi000,+,5 
GO TO liiO 

tXECUTE THE FOLLOwiNG STATEMtNT ONLY WH~N R(KK) • RR 
lllk(ll•VTMP(Iol)fl000o+o5 
CONTINUE 

CHECK pRINT OPTION, 
IF CLIST,NE,l) GO TO 470 
wRIH (boHO! RR 
FORMAT (lHOR•oF5 1 1o//UH lRRo//1 

PRD24000 
PHD?.4100 
PRD24200 
PR024l00 
PR024400 
PRD24500 
PR02Ub00 
PR024700 
PR02U800 
PROi:'U~OO 
PR025000 
PR025100 
PR025200 
PR025lOO 
PR025400 
PR025'500 
PR02Sb00 
PR02~700 
PH025800 
PR02!S~OO 

PRI~T ~~~AL JNTERPDLAT~D VALUES OF R!LATIVE VELOCITY, PROZbOOO 
IB•I PROZbiOO 
~C•t PR02&200 
IE•!~+tt PR02bl00 
I~ CIE,GT,NPTSI IE•NPTS PH02b400 
wRITE C&ou!O) IZON!oiTYP!oHRoNCt(IRRCI)ol•leoi~) PR026500 
fORMAT C!Xo4MZONEtA~oiXtA3oF5olo!SI'5) PR02bb00 
If C!l,fQ,NPTSI GO TO 470 PR02&700 
IB•IB+I2 PR02&800 
NC•NC+I PROZbqoo 
GO TO UOO PR0?7000 

C !RROR M~SSAGl IS wRJTTfN PR027100 
420 wRITE C6ou30) PR027200 
430 ~OR~AT (/o1Xo40M***'' 'ERROR FRoM SU8ROUTIN! PRO,IL ''''*) PR027300 

~RITl (bt440) Bn~e . PR027400 
440 F0~~4T (//o!XoA,) PR027500 

U50 

UbO 

c 
c 
c 

oRIH C6t450) PR0271>00 
FoRMAT ClXo86H S~E ERROR TA6LE IN CERC TM TITLE VERIFICATION STUOYPH027700 

2 0~ A ~ATHVSTHOPIC STORM SURGE MODEL) PR027800 
wRITE Cbo4b0) PR02HOO 
FORMAT (1Xo86H**'*''*''*****'*****'**'''''''''*''*''*''''''*****'*PR028000 

2**''''''*'*'*''*****'*''''**'*'**'1 PROi8100 
IF HOM~ • ANY tRROR RFTURN IS HADE TO MAIN PROGRAM SURG~ ~HERE THE PR028200 
VALUfS U~ IOATAo KfVo K[YAo AND ETC, ARE wRITTfN Bt~ORE RUN PR028l00 
TERMINATION, PR028400 

S0MB•5HfRROR PR0!8,00 
470 RETURN PR028.00 

END PROZ8TOO 
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&U~RDUTJN~ JNTERP (~XloYYAol~) JNTOOteo 
C INT00200 
C ''''''''''''''''''''''*''''''''''''*''***'''''''''''''''''''''''''INTOOlOO c I~Toouoo 

5 C THIS SU~~DUTIN~ MAKES LINEAR I~T!RPOLATIONS BET~EEN DIGITIZED (XoY) INT00500 
C DATA POINTS •~D a~T•~EN PRO~IL~ CURVES OF DIPFER!NT SIZ~ HURRICAN~S,INTOObOO 
C INT00700 
C VAR!AHLES NOT OEF!NEO IN THIS ROUTINE WILL Bl DE~INEO IN ANOTHER INTOOBOO 
C ~OUTINl INTOOQOO 

10 C INTO!OOO 
C CXXAtYYA) [5 ARE THE DATA POINTS, AXI3 ARE THt INT~RPOLATION COEF•INTO!IOO 
C !CIE~TS, INT0!200 
C AXIS •~E· DETfRM!NED RY USING T"t STANDARD ~LOPl iNTERCEPT FORM INTOtlOO 
C AX(!! !S TH~ SLOP!, AX(21 IS THE INTERCEPT, INTOIUOO 
C 1NTOt500 

O!Mf~SION XXA(21tYYA(2)tAX(2) INTOibOO 
DATA E /,OonoO~/ INTOITOO 

C INTOieOO 
C CH~CK TO SEf lr XXA POINTS AREoEVE~ INCREASING, INTOIQOO 

20 If (XXA(2)•XXA(I)oGT,E) GO TO 40 INTO~OOO 
C UN~lASONA~L~ INPUT, lNTOiiOO 
C PRiNT ~HROR ~~SSAGE 1Nl02200 

•RITf C6ol0) INT02l00 
10 ~OHMAT (/o!XoqOM''''* tRROR fROM SUBROUTINf INTERP ''***ol/tlXo8HE1NT02QOO 

ZH~OR 2ll INT02500 
~RITE (boZO) INT~2b00 

20 ~OHMAT (3Xt8H~ SEE fRROR TA~Lt IN CERC TM TITLE YlAl,ICATlON ITUOYINTOZTOO 
2 oF A ~ATHYSTROPIC STORM SURGE MoDfLl INT02800 

JO 
wR!Tf (bt30) XXA INT02QOO 

30 FORMAT CIXo2~10,3oQIH TILT, X DATA aHOuLO BE EV!R INCR~A81NG 0 1 lNTOlOOO 
STOP INTOSIOO 

C lNTOl200 
C NORMAL INPUT INT03100 
C COMPUTl INTlRPOLAT!ON CDfffiCitNTS, INTOl400 
C INTOl500 
~0 AX(I)•CVYA(2)~VYA(!))I(XXA(2)•XXA(l)l INTOlbOO 

AX(?)•YVA(I)~AX(tl*XXA(II INTOSTOO 
R[TURN lNTOJBOO 
lND lNTO)QOO 
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I 0 

1'5 

i!O 

2'5 

so 

110 

50 

5'5 

1>0 

10 

SUHROUTI~~ ZE~~ND Z~DOOIOO 
C ZW000200 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••zwooo3oo C z~DOOIIOO 
C THIS ROUT!~~ COMPUTES ~IND VE~OCITY ~AGNITUD~ AND DIRECTIO~ A~ONG A Z~DOO~OO 
C TRAVtR&~ ~lNE ~HlCH PASSES THRU A PHOBAB~f MAXIMUM HURRICA~l·AT THE ZwDOOI>OO 
C POINT •H[RE •!NO Vf~OCITV IS GREATEST, THIS TRAVERSE IS 115, ZWD00100 
t U~G,COU~TERCLOCK•!SE TO THE ~1NE Of 8¥~METHY 0~ THE P,M,H, ISDYEL8, ZW000800 
t ZWl>OO'IOO 
C THIS ROUT!~~ OO~S COMPUTATlO~ fOR HSo •o AND TH A~ONG A TRAVERSE ZWDOIOOO 
C DRAw~ fROM THE lERO WI~D ISOVE~ AT SHORE TO THE POINT ~HlRE ZwOOIIOO 
C THE TRAVERSE INTERSECTS wiTH THE ZERO WINO ISOVE~ AT THE TAl~ ZWDOI200 
C Of THE STORM, ZWDOilOO 
C ZWDOIIIOO 
C CO~PUTATlONS ARE OONE SHOREWARD•SEAWARD FOR THIS ROUTINE Z~DOI500 
c zwoo 1600 
C *******'****''''*''''''*''''''''***'**'*'''~''*****'*''*'*'' ZWOOI700 C NOTt Z~DOI600 
C NONE OF THE RESU~TS ~ROM THIS ROUTINl A~E CARRlfO TO THE MAIN ZWDOiqOO 
C PHOGHAM DR •NY OTH~R ROUTINl, ZwD02000 
C T~E ONLY PURPOSE oF THIS ROUTI~E IS TO SUPP~Y A COMP~ETt D~SCRIPTIONZ~OOZIOO 
C OF THE •lND ,lE~O U8Fn IS COMPUTING SURGE, ZW002200 
C **************''*****'*******''''*''**'*'*'*****'*'*'**''''* ZW002100 C ZwD02400 
C VARlA9LfS NOT DEF!~ED IN THIS HOUTINE WIL~ BE DtfiNEO IN ANOTHtR Z~D02500 
C ROUTINE ZWOOcbOO 
C ZwD02100 
C THE VA~IA~LES THETA A~D TH!TAO ARE USED FOR C~ARITY TO IL~USTRAT~ ZWD02600 
C CHA~GES IN THt VALUf 0, TH, THESE VARIAH~ES OU NOT APPEAR lN zwDozqoo 
C THE HouTINt 1 TH IS USED TO REPR~SE~T THETA AND THETAO, lWDOlOOO 
C TH IS ORIGINALLY THETA I~ RADIANS wHICH IS THE POLAR COORDINATE ZWDOliOO 
C 0~ LOCATION ~OR RS(L), TH IS CONVtRTEO TO TMfTAO(ANGLE WHICH ZwD03200 
C INCLUDES O~FLECTlON), THEN THIS CONVERTED TO THETAD • ~5, OEOREE5oZWD03100 
C THt ~U~TRACT!ON 0, 25, OfGHEtS WA! A CORRECTION FOR GEOMtTRy, ZWDOlUOO 
C THE ~lNO DIRECTION, T~ETADt IS GIVEN 8Y THf FOLLOWING FORMULAS Z~D03500 
C TH~TAD•THETA+25 1 1, RS(L)/R LT lol Z~DOlbOO 
C TH~T•U•TH~TA+I5,,(RS(L)~R)/(Io2*R~R)+IO, IF lo LT HS(Ll/H LT loZ ZWDOJ100 
C THETAODTH~TA+IO,•RS(L)/R I' RS(L)/R LT lo ZWD03600 
C ZWDOl'IOO 
C (DlSTANC~S ARE IN NAUTICAL ~~~ES, VF IS IN KNOTS, W(~l AND WX ZWDOIIOOO 
C ARE IN M0 P 1 H0 ). ZWOO~IOO 
C (ANGL~S ARE IN O~GHFE5 1 COUNT!RCLOCK"ISE IS POS 1 l ZWDO~ZOO 
C VARIAkLtS ARE AS FU~~OwS, ZWDO~lOO 
C A~ IS A DISTANCE ALONG THl VlLOCITY PRO~IL~ AT WHICH COMPUTATIONS l~DO~UOO 
C Bt GI~, ZwOO~!IOO 
C DE~ • DJ~F~~ENC! SET~EEN DELA AND OELB, ZwOOUbOO 
C DELA • DISTANCE TU POINT ON lRAV~RS~ WHERE COMPUTATION& TAK! PLACEZ~D0~700 
C DtLB • DISTANCE TO POINT ON TRAVERS~ 10 N1 M1 ~ARTH~~ ~RO~ SHORE ZWDOu800 
C DISTU • INITIAL DISTANCE ALONG TRAVERSE LIN!: TO POINT OF HAXIHUM ZWDOU'IOO 
C "1~0 VELOCITY, ZWD05000 
C PR~SS • ATMOSPHfHIC PRfSSURE Dl,ftRENTlA~, Z~DO~IOO 
C R • DISTANCE ~ROM ORIGIN TO THt ~AXIMUH WINO, Z~D05200 
C RAD2 • THE NU~aER OF DEGR~~S IN ONE RADIAN (CONVERSION FACTOR) ZWD05300 
C RS• THE Le~GTH 'lF THl RAY FROM THE STROM C!NT!:R TO ANY POINT Z~DO!)IIOO 
C ON THE THAVER3E, ZW005500 
C SN AND C8 ARE SIN(II5l AND C0S(II'5) 1 RADI IS 25 OEG, IN RADIANS, ZWDO'J.OO 
C 8NT' • SINf 0~ 25 DlGRFEI ZWD05700 
C TH • T~E ANGLE IOEGRftS) BET•lt~ II~ DfG, ~tNf ANO TH~ HAY ORA~N LwD05800 
C ~£T•eE~ Th~ STOHM C~~TEH AND ANY POINT ON THE TRAVERSE, ZnDO~'IOO 
C TEST • VA~UE USlD Tti TEST ~0~ tNO OF THAYERSl DRAWN ~ROM Z~RO wlND ZwD~bOOO 
C TO ZEHO •l~D, ZWDO&IOO 
C V~ • SPElD OF T~ANSLAT!ON OF ENTlRf HURRICANE, Z~D06200 
C •• ~AGNJTUDf OF •INO VfLOCITY AT A~Y PO!~T ALONG THE TRAV~RSE ~I~EZ~DO&lOO 
C •X • ~AX!~UM WIND VE~OClTY Z~DO&IIOO 
C X AND Y • CART~SIAN COORDINATES 0~ fACH HA¥ AS, THE STORM Z•DObSOO 
C CENT~H IS THE ORIGIN TO wHICH X AND Y VA~UES AR~ RE~~RENC~Oo ZWDObi>OO 
C THf x~ AXIS IS A~ONG THt RADlUS TO MAX, WINOS (R)o lWDOb100 
C ZWD0&600 

COMMON /PAR/ ~M,VFo~XoRtDISTOoXP Z•DO&~OO 
C0h~O~ /ATM/ P~oPO l~l>07000 
DATA SNoC5oRADioRAOl l,qO&l!o 1 4221>2oo~3&l32o57 1 ~'157181>1/ Z~D07100 
DATA SNTF / 1 ~2lb2/ Z~D~7lOO 

c zwoon~o 
Tf~T•Z,•(OI6TO•R•SNTFl ZwD01~00 
D~LA•Oo Z~U07500 
AL•OI&Tn l•D071>00 
w~ITE (ltoiO) Z•D07700 

10 fO~~AT (18~ TIME I~CREM~NT lo~XoiiH 0 1 0 HOURS) Z•007600 
C COMPUT~ lNJTIA~·X AND Yo ZW007qOO 

168 

'· 



60 

e'!i 

90 

100 

105 

II 0 

120 

li!!l 

c 
c 
i'O 

10 
c 
uo 
!;0 

c 
&0 

c 

c 
c 
c 

70 

80 
!10 

100 

X•Ha&~•CS Z~DOBOOO 
v••L•s~ zwooetoo 

Zw006200 
PRINT PAkA~ET~~S, ZwDOe500 

~~I H (boZO) RoV~ 1 w·x, XP ZWOOBIIOO 
~OR~AT !1Xt~Xt3HR aoFb 1 2t9M k, HILESt4Xo4HVr a 1 FboZtbH KNDT8t11Xo5HZ•D06500 

2 •X ••F7 1 2t7H M,P,H,t!Xti2HX DISTANt~ a,r5,2t9H N, MILtS) ZW006b00 
wRIT~ lbt30l l~D06100 
~OkMAT !ttl zwooeeoo 

PRINT TITLE, Z~D06900 
•RITf cn,uol zwooqooo 
FO~~AT !27XoUH(RSlti2Xt3H(W)ti0Xt4H(TH)ti9Xt1H!PRES9)) ZWDOqiOO 
~HITL lb•~Ol zwooq?oo 
FDkMAT CIXobXoi\HDlsTANCt fR0HobXtbH~ADIALoi0XoiiHWINDt5Xt211HANGLf ZwOoqJOO 

2FROM' TRAVERSE LINEtlXt~HPRfSSuRf/SXtlbHZERO VELOCITY ATtiiXt8HOISTAZWD09U00 
lNCtt7Xt6HVELDCITYt11Xt2!HC0UkTERCLOCKWISE P0SetbXt5HSETUP/11Xti6HrROZwDOq500 
liNT 0~ HURRICANEt3Xt&MN~ MILEI•qXtbH~,,,H,t5XtqM(DEOREES)tl9Xt3HrT,ZWOOqb00 
5/tlOX,eHN, MILtS) ZWD09700 

wRITl !&o3ol zwooqeoo 
REP~TlTIV~ CO~PUTATION Or wiNO V~LOCITY AND DIRECTION VER&U. X AND y,zwooqqoo 

RS•SnHTC~••Z•Y••2l ZWDIOOOO 
CA~L UUAD (~oYtTH) ZWDIOIDO 

TH • A~GL~ fkOM Ll~l OF SYMMtTRY TO RADIUS VECTOR (R8(L)) lWD\0200 
CALL VEL (RStVXX) ZWDI0300 
•••~•V~X•,S•Ct,~COS(THl)tVf•lolSI ZWDIOIIOO 
CA~L D~FL (TMtHS) ZwDtOSOO 

T~ • •I~P A~GLE •ITM r,ORRECT!ON 'OR Df,LtCTION ZWDIObOO 
SURTRACT ?.~ ~EGRef.S fnH G~OMETRY 1 ZWD\0100 
CO~VtRT ~!ND VfLOCITY ANGLE TO OEO, 'ROM 115 OEG, ~INE 0 ZWD\0600 

TH8RAD2•(TH~RAOI) Zw010q00 
Ir !TH,LEoOol THaTH+3bO, ZWD\1000 
PHtSS~CPN~PD)•It,Ow~~P(~R/R~)) Z~dlllOO 
~RIT~ Cbt70l DlLAIRStWtTHtPH~SS ZWDIIZOO 
roRMAT cl~.uFts,z,sox.FtS,2l zwostloo 
IF CD~~A,G~,TESTl Gn TO 60 Z~DlliiOO 
Df~AaDlLA+I0 1 ZWDli~OO 
If CDE~B,Gt,TEST) DELB•TlST ZWDII&OO 
OE~·~~LA~DELA ZWD\1100 
x•X+ctL•cs zwosteoo 
Y•Y~O[L*SN ZWDllqOO 
DELA•DELA ZWD\2000 
GO TU bO Z•DlliOO 
•RIT~ (btqO) ZWD\2200 
FORMAT (//1Xtii9MX AXIS IS ALO~G HURRICANl I80VtL AXIC 0~ 8YMMETRY)ZwDtllOO 
•RITt Cb1IOOl zwDti~OO 
rORMAT !IHt) Z"DI2500 
R~TURN ZWDI2b00 
~ND Z~DII?OO 
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APPENDIX A-3. DEFINITION OF SYMBOLS AND COMPUTER PROGRAM 
VARIABLES FOR ACTUAL HURRICANES 

AB 

AHOUR 

ALPHA 

AN 

BEAR 

BETAO 

BFF 

BN 

BP 

BY 

C1,C2,C3 

D 

DASQ 

DAVG 

DELSXN 

DELSYN 

DELT 

DELX 

DEN 

DIST 

Calculated angle between the traverse and initial storm centerline, RS (1). 

Variable used to establish storm time. 

Azimuth of the traverse (degrees). 

Intermediate value of wind stress and setup for x-component. 

Bearing of traverse in degrees. Not used for computations. 

Azimuth of the storm centerline, RS (I) (degrees). 

Bottom friction factor. 

Intermediate value of wind stress and setup for y-component. 

An array used to store successive values of BN. 

Absolute value of BN. 

Dimension correction factors. 

Depth below mean water level in feet. 

Total water depth squared at each time level. 

Average bottom depth at each time levCl. 

Incremental x-component setup in feet. 

Incremental y-component setup in feet. 

Time increments in hours. 

Difference between traverse distances at each time level. 

Intermediate computation for denominator of flux equation at each time 
level. 

Distance from coast (nautical miles). DIST (1) and D (1) are farthest 
points from shore with successive values taken shoreward of these points. 
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DTH 

DTN 

DTS 

FUD 

IB, IE 
·~ 

I CHECK 

ID 

IHUR 

I OMIT 

IOMITD 

IS KIP 

ITYPE 

ITPP 

LM 

NM 

NN 

NTP 

PHI 

PHil 

Total water depth at each time level (feet). 

Intermediate computation of water depth. 

Intermediate computation of total water depth (DTH). 

Cosine (AB). 

Used to read and print out data; card-by-card or line-by-line. 

Sentinel used to indicate errors. 

Identifies type of data on card. 

First three letters of hurricane punched on input data. 

Print option parameter. If IOMIT equals l, detailed printing is omitted. 
If IOMIT equals 0, detailed printing of type shown in example output for 
actual hurricane of Appendix A-7 is supplied. 

Print option parameter. If IOMITD equals l, detailed printing is omitted. 
If IOMITD equals 0, detailed printing of type shown in example output 
for actual hurricane of Appendix A-7 is supplied. 

Print option parameter. If parameter equals 0, all wind data before and 
after interpolation is printed. If parameter equals l, input wind-field data 
is omitted. If parameter equals 2, all wind-field data is omitted. 
See example output for actual hurricane in Appendix A-7. 

First three letters of hurricane name. 

Sentinel used to verify interpolation of wind-field data. 

Number of shelf reaches for input supplied (maximum 50). 

Number of time increments for input supplied (maximum 200). 

Card number read from card. 

Equals LM + l. 

Geographical latitude in degrees of traverse (given by PHil). 

Geographical latitude in degrees of traverse (supplied as input). 
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PI 

PN 

PO 

R 

RS 

SA 

SAP 

SE 

SIN PHI 

SP 

SPN 

SPRES 

ST 

Storm Center 

STOT 

SUMS X 

SUMSY 

sw 

sww 

sx 
SXP 

SY 

3.14159 

Peripheral pressure (inches of HG ). 

Central pressure (inches of HG). 

Radius of maximum winds (nautical miles). 

Length of ray from storm center to any point on the traverse 
(nautical miles). Polar coordinate of distance. 

Setup due to astronomical forces (feet). 

Old value of astronomical tide. 

Initial setup (feet). 

Sine of geographical latitude. 

Setup due to pressure (feet). 

Pressure setup at new time level. 

Successive values of pressure setup at each time level. 

Successive values of total surge along traverse line. 

Origin to which x- andy-values are referenced. 

Value of total surge at shore for each time level. 

Successive values of x-component of surge along traverse line. 

Successive values of y-component of surge along traverse line. 

Successive values of SUMS X + SUMSY along traverse line. 

Successive values of SW for each time level at shore. 

Total x-component setup at shore (feet). 

Successive values of SUMSX. 

Total y-component setup at shore (feet). 
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SYP 

T 

VF 

VN, VNN, 
VNTEST, 
VP,VS 

VN 

VNN 

VNTEST 

VP 

vs 
w 

WK 

WKCOR 

WSQ 

wwx 
WWY 

wx 

X-axis 

Successive values of SUMSY. 

Angle measured from'the positive x-axis counterclockwise to the wind 
vector. Polar coordinate of angle. 

Forward speed of storm (knots). 

y-component of volume transport. 

Successive values of flux along traverse line. 

Absolute value of flux. 

Check on value of flux. 

Flux at previous time level. 

Y-flux (ft X ft/sec). 

Magnitude of wind velocity at any point along the traverse line in 
miles per hour. 

Van Dorn 's wind-stress factor. 

Empirical calibration factor for wind-stress coefficient. 

W squared. 

WSQ X cosine (T) in miles per hour squared. 

WSQ X sine (T) in ~iles per hour squared. 

Maximum windspecd in miles per hour. Does not enter into computations 
for actual hurricane. 

Along the radius to maximum winds (R). 
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APPENDIX A-3. DEFINITION OF SYMBOLS AND COMPUTER PROGRAM 
VARIABLES FOR HYPOTHETICAL HURRICANES 

AHOUR 

AL 

AN 

AX 

BEAR 

BFF 

BN 

BP 

BY 

C1,C2,C3 

cs 
D 

DASQ 

DAVG 

DEL 

DELA 

DELB 

DELSXN 

DELSYN 

Variable used to establish storm time. 

Distance along the velocity profile at which computations begin for each 
time step. Measured from point of maximum wind to most seaward point 
on traverse. 

Intermediate value of wind stress and setup for x-componcnt. 

Interpolation coefficients determined by using the slope intercept form. 
AX (1) is the slope. AX (2) is the intercept. 

Bearing of traverse in degrees. Not used for computations. 

Bottom friction factor. 

Intermediate value of wind stress and setup for y-component. 

An array used to store successive values of BN. 

Absolute value of BN. 

Dimension correction factors. 

Cosine 115°. 

Depth below mean low water datum in feet. 

Total water depth squared at each time level. 

Average bottom depth at each time level. 

Difference between points on the traverse. 

Distance to point on traverse where computations take place. 

Distance to point on traverse 10 nautical miles farther from shore 
than DELA. 

Incremental x-component setup in feet. 

Incremental y-component setup in feet. 

174 



DELT 

DELTT 

DELX 

DEN 

DIST 

DISTO 

DTH 

DTN 

DTS 

E 

EE 

HR 

IB,IE 

I CHECK 

ID 

IDATA 

I LAST 

I OMIT 

Time increments in hours. 

Time increment used for computations. 

Difference between traverse distances at each time level. 

Intermediate computation for denominator of flux equation at each 
time level. 

Distance from coast (nautical miles). DIST (1) and D (1) are farthest 
points from shore with successive values taken shoreward of these points. 

Initial distance along traverse line to point of maximum wind velocity. 

Total water depth at each time level (feet). 

Intermediate computation of water depth. 

Intermediate computation of total water depth (DTH). 

Parameter used to check convergence. 

Parameter used to check convergence. 

Time step. 

Used to read and print out data, card-by-card or line-by-line. 

Sentinel used to indicate errors. 

Identifies type of data o~ card. 

Identifies type of wind data supplied as input. If IDATA equals 4 or 5, 
relative wind velocity data is supplied for interpolation. If IDATA 
equals 0, interpolated relative wind velocity data is supplied. See sample 
input sheet of Appendix A-6 for data format. 

Indicates number of different parameter sets to be read. 

Print option parameter. If IOMIT equals 1, detailed printing is omitted. 
If IOMIT equals 0, detailed printing of type shown in example output 
for hypothetical hurricane of Appendix A-7 is supplied. 
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IOMITD 

IRE AD 

IRR 

I TYPE 

IVX 

IZONE 

KEY 

KEYA 

LIST 

LM 

NM 

NN 

NPTS 

PHI 

PHil 

PHil A 

PHIIB 

PI 

Print option parameter. If IOMITD equals 1, detailed printing is omitted. 
If IOMITD equals 0, detailed printing of type shown in example output 
for hypothetical hurricane of Appendix A-7 is supplied. 

Used to read all digitized wind data onto disk storage. 

Final interpolated values of PMH profile being constructed as a 
function of relative distance. 

Type of hurricane model (PMH or SPH). 

Interpolated wind data generated in subroutine PROFIL. 

Hurricane zone. 

Print option for subroutine HRWDPF. If KEY equals 0, detailed printing 
is omitted. If KEY equals 1, detailed printing of type shown in example 
output of this appendix is supplied. 

If KEYA equals 0, subroutine ZERWND is not called. If KEYA equals 1, 
subroutine ZERWND is called and printing of type shown in example 
output of App.endix A-7 is supplied. 

Print option for subroutine PROFIL. If LIST equals 0, detailed printing is 
omitted. If LIST equals 1, detailed printing of type shown in example 
output of Appendix A-7 is supplied .. 

Maximum number of 50 ·shelf reaches for input supplied. 

Maximum number of 200 time increments for input supplied. 

Card number read from card. 

Number of points along the PMH profile. 

Geographical latitude in degrees of traverse (given by PHil). 

Geographical latitude in degrees of traverse (supplied as input). 

Latitude limit for hurricane zone. 

Latitude limit for hurricane zone. 

3.14159. 
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PN 

PO 

PRESS 

R 

RAD l 

RAD 2 

RHO 

RR 

RS 

SA 

SAA 

SAP 

SE 

SIN PHI 

SN 

SNTF 

SP 

SPN 

SPRES 

Peripheral pressure (inches of HG ). 

Central pressure (inches of HG ). 

Atmospheric pressure differential. 

Radius to maximum wind in nautical miles (input parameter) or 
(subroutine PROFIL) radius to maximum wind for the PMH 
profiles which were digitized. 

25° in Radians. 

Number of degrees equal to one radian (conversion factor). 

Each successive value of RS (L) along the traverse line or (subroutine 
STRTPT) initial distance from PMH center to shore intersection of 
traverse line. 

Radius to maximum winds of wind-field data supplied as input or 
(subroutine PROFIL) radius to maximum wind for the PMH profile 
being constructed. 

Length of the ray from the storm center to any point on the traverse 
(nautical miles). Polar coordinate of distance. 

Setup due to astronomical forces (feet). 

Value. of astronomical tide (input parameter in feet). 

Old value of astronomical tide. 

Initial setup (feet). 

Sine of geographical latitude. 

Sine of 25°. 

Setup due to pressure (feet). 

Pressure setup at new time level. 

Successive values of pressure setup at each time level. 
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ST 

STOT 

SUMS X 

SUMSY 

sw 

sww 

sx 
SXP 

SY 

SYP 

T 

TEST 

TH 

VF 

VN, VNN, 
VNTEST, 
VP, VS 

VN 

VNN 

VNTEST 

Successive values of total surge along traverse line. 

Value of total surge at shore for each time level. 

Successive values of x-component of surge along 'traverse line. 

Successive values of y-component of surge along traverse line. 

Successive values of SUMSX + SUMSY along traverse line. 

Successive values of SW for each time level at shore. 

Total x-component of setup at shore (feet). 

Successive values of SUMSX. 

Total y-component of setup at shore (feet). 

Successive values of SUMSY. 

Angle measured from the positive x-axis counterclockwise to the wind 
vector. Polar coordinate of angle. 

Value used to test for end of traverse which was drawn from zero to zero 
wind. 

Has three different values: (1) angle in radians between 115° line and the 
the ray drawn between the storm center and any point on the traverse 
similarly referred to as the polar coordinate of location for RS (1). 
(2) Wind angle with correction for deflection. (3) Wind angle less 25° 
correction for geometry. 

Forward speed of storm (knots). 

y-component of volume transport. 

Successive values of flux along traverse line. 

Absolute value of flux. 

Check on value of flux. 
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VP 

VR2 

vs 
VTMP 

vx 

vxx 

w 

WIND 

WK 

WKCOR 

WSQ 

wwx 
WWY 

wx 
X 

XP 

XR2 

XX, XI 

XXA,YYA 

X,Y 

Flux at previous time level. 

Relative velocity values of digitize'd PMH profiles. 

Y-flux (ft + ft/sec). 

Interpolated values of relative velocity a1ong each digitized profile. 

Values of digitized relative wind velocity along the axis of symmetry. 

Relative wind velocity distribution along the polar coordinate initial ray 
RS (L). 

Windspeed before adjustment due to interference with land mass. 
Magnitude of wind velocity at any point along the traverse line in miles 
per hour. 

Adjusted windspeed near shore due to interference with land mass. 

VanDorn's wind-stress factor. 

. Empirical calibration factor for wind-stress coefficient (constant). 

WIND squared. 

WSQ X cosine (T) in miles per hour squared. 

WSQ X sine (T) in miles per hour squared. 

Maximum windspecd in miles per hour. 

Along the PMH axis of symmetry through the storm center. 

Minimum distance from hurricane center to traverse line. 

Digitized values of relative distance corresponding to VR2 . 

Distances along the PMH axis of symmetry. 

(x, y) points used to make linear interpolations. 

Cartesian coordinates corresponding to the polar coordinates RS (L) 
and T. Storm center is the origin to which x- andy-values arc referenced. 
The x-axis is along the radius to maximum winds (R). 
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y 

YPP 

Perpendicular to X. 

Distance along traverse from point of maximum wind to point where 
XP intersects traverse line. 

180 



APPENDIX A-4. INDEX OF VARIABLES FOR COMPUTER PROGRAMS 

Index is to be used in locating and defining variables in the computer program. Variables are 
listed in alphabetical order with locations and definitions indicated by line number. 

ACTUAL HURRICANES 

PROGRAM SURGE A 

A REI'S 'IZ IIQII loll! D[I'INf:D "" A !I REFS :175 37'1 DUll-lED lQ!I 1'52 357 us 
lb1 3!1'1 

AHDUR R~fS 1125 e.i!• DtrJt.~r'O 61!3 us 
AI. PHA RLFS i!!ol :no 331 31'1 SQII sae l'SO 

352 3'10 356 357 3115 JilT ,,. 
OHJNED 2!lQ 

AN REFS 57'5 DEFINED !!U7 
Ill! AI' REI'S 'II> 1157 510 •ts DEP'I NED 111'1 
~~~TAO REFS 21>1 330 !31 :sn )117 34!1 3'50 

352 354 355 3'511 3'57 l!l. litO 31>1 
31>2 3!>4 31>5 361 36'1 D£1'1Nf:D !511 lb.ll 

Bf'l' llt·f~ 4!10 50'1 5!>Z 51>5 UQ 
Df.FINEO tei! 

liN UFS 5'51> !H>3 51111 '.IIJS DEl' INfO Ull 
liP REFS '12 'Sbl DEI'JNt.D 5'J. ·'lU 
!IV REP'S 5&5 !)l!'JNEO 5&Q 
Cl REFS 575 O!:'JN~D ., 
Ci! RHS !1711 I)[I'JNED fl7 
C1 Rtf'S 51>1 D[I'Jt.I~D IJT 
D RHS •z lib II t•~l· ,1111 !J"fl 

DEnN~D U& 
DASQ Rlf'S !lbZ 51>5 DHJN!D 5111 
DlVG Rfl'' 5 'I! '5511 5111> Df:tlNfD 511> 
DHSXN RHS 57• D!f'JNlD 575 
D!LSVN Rf~S 'J71 Ofl'lNf:D 5711 
DELT Rl:l'l fiZ 2111 11~11 Ul 'SU IU us 
DELir 

D!l'lNf.D i!'!lll 
!If'S REI'S '12 5711 DHINf.D su 

DI!N RHS !IU DHJNED '5112 
DUT REFS '12 !U75 nz ... Uilt5 no .,.,. 

DHINI':D i!Oi! 
DTH REFS !II! I Df:I'JNED !11>0 
DTN AlP'S 5711 575 DEFJNEn '5'i'l 
DTS REf'S 55'1 '51>0 DEfi':IED 5'511 
!1111011 REFS 120 13'1 l'.!B 175 I'll 20'1 i!l4 

210 2'11 337 DtnNED Ill> 137 1511 tTl 
1!1'1 zor 2,2 1611 l!ll'l 33b 

,UD RLFS lez DE 'I NED 31fl 
I RHS '1'1 16'5 QQQ I>IZ DE!'lNE.D "" IIIII 

qqq 1>12 
Jll REFS 200 202 2tll 2?.4 lZb 2113 

DEFlN[D 1'19 2111 2?.1! 24J 
ICH!CI< R~rs lOZ DE!' I NED to• 117 IU I Ill 1110 

I 'I& 2\b 241 ?.1b lOO 
JD Rff8 lli! I G I 151 lbO IIIII 177 1114 

IIJl 203 i!ll 2211 zu Df'INED 106 Ill 'I 
11>6 l~i! 202 j!;tll 

IDA RH'S 1111 160 117 IIJS ot:nNED us "-ITI 1~1 a·•z ll REFS ZOI zoz 217 US· au 
DEl' I NED zno i!OI z~o il!'5 

lHUR Rt:fl:S Zhl i!U 272 2114 21J3 1110 
DHINlD 2'54 2111 

%0MYT RH'S 11117 !104 5?.5 '531 '5111 '51J'5 
DE!' It-lEO '"" IOMtTD llt:FS 4!>7 47b Dli'JNFO lOb 

JII(T' RHB 2'?.'511 2fl711 4~!1 4117 DE,lNED lOb 
ITPP. Rtf'S 1117 DEFINED 2'!0 322 
JTVP[ RfFS 264 zn 2~4 i!IJ'J 1107 50e !Ill 
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DlriNlD 14'1 
I( Rlf'S 1130' 1131 DII'JNf.D 60!5 Ul 

" Rli'S i!OZ i!21> Hi?lll zea. 3t,z<n 2'15 304 
l*375 3110 ,,uz z•se11 UH'S ZeHII 1'*3'1'5 2un 
2*400 z•uos 007 a"e SUIO S•llll U4i!1. I'*4Z5 
2•a;z1> i!*lliiT l'4211 430 2Ull 433 z•au :S.'H'J 
l*'ilb !*"it• 2*521 ,,, .. , :u~u H~411 ~·~~~~~ S'.ll 

5t;] 5t;4 '555 5'5b !t';58 !li.O Sbi! Z*5bl 
3*574· 575 2*'.164 Sllb 511'1 5'10 5'11 5'1Z 
'5'1~ DEl'' J Nf.D 202 ?.i!ll 27'1 3'12 3'111 40ft 
41l 422 424 ~~~3 '513 5111 5113 

LL RlFS 7tUlft 1*11'11! hll'lll DP:I'.JNlD 1135 4'11 
L~ RHS 112 125 Ia? tU Ui!OI 217 z•2zs 

2112 Z'll 27'1 l'IZ 3'111 0011 Ql] IIU 
4?.11 111'>3 5111 2*'5'111 DHJNfD lOb · 

"""' REF II ;435 4'11 !Ill II OJ D!'INlD 1117 
Lll Ill I':! l!.l 1'72 1!~4 l'IJ 110 

O[I'INED 2'54 ;!Ill 007 
N REI' a Z*i!'ll ·!t2bl 11!1!0 UJ I! SCI 1!'15 Ult 

. 41111 •I'll a•a 5H 51111 11,0 557 !1'5'1 
51>0 5112 5113 57'1 5111; !I 'Ill 5'1'1 bOO 
1101 1102 1103 "'" ,.,u DEI'J"'!D Z52 11.1!0 
11111 51!11 b24 

Dti'I NED NC Rli'S 203 219 2211 i!QQ ·I 'Ill 21'1 
2?.:S tall 

NM Rt rs Ill li!5 2'52 41!0 11711 5211 Iolii 
DUI"'f.D 1n1o 

NN RHII 2nl 211 li!t. 2111 Ul 260 zn 
2114 2'1S 410 Dt:,.JN[D zoz •ZU no Zllt' 

NT II' RHS Z•17'5 ·znu ln. 400 401 
Df:FlNED Z'll 

PHJ REI'S '12 51'1 521 Df:I'JN!D 111'5 51'1 
II'Hlf R~P'S 165 451 '510 "5 Dt.l'lNED 10'1 ,., REI'S :sue J5i! 3'57 36'5 llo7 ll>' 3U 

'51'1 DLP' J NED toe 
PN REI'S U(!5 450 50'1 .,., Of 'I NED "'" 11'0 RHS ~2S 450 50'1 e.ta DtP'IN[D '"'" " R~I'S 111!'5 450 5n11 1>14 DHJNED Ul> 
RS REP'S '12 2'13 304 2*37'5 Z*l82 l'3 UIO 

413 4?.5 OEI'lNED &!Ill 37'5 ]II 'I 4U ,, RI:.I'S '12 2111 41& 4'14 557 5'111 5110 
·57'1 . 51111 1103 11211 DHlNf.D I '!Ill 11112 545 ,,,. RH"S 51>0 otnNt:O 557 1103 

II! RHS ~~~~ '50. 5!18 5n !1811 •u 112& 
D£1'INlD lbb 

IINII'HJ REP' II '12 2*'574 O!:f'tNED 521 
IP Rl,.S 'Ill I!Ul' I!UIIII Z*'54'1 Of'IN!D IIZ5 UIIU 

2*545 
lPN R~FS 5'54 55'1 '5110 57'1 '8" ,., 1101 

DEFINED '50'1 
SII'P· RtFS '12 5110 Dli"INFD 554 ,,, 
1111'111!1 RU'S 'li! t.i!l> Dfi"JNEO 1101 
ST REf'S 51111 &Oi! DE,.I Nt'O !17'1 
ITOT Rli'S '12 6211 llfi'JNED b02 
SUMS)( RtFS 57b 57'1 5ft0 1811 ·58'1 ns 

OfnNtD 52'1 576 
IVMSV RlFS 577 57'1 5110 !IIIIo .no '511'1 

Dti"JN~D 510 577 aw RlfS 5~b 600 D[I'INt:D 580 sww R~rs '12 b?.b Dt:P'P<ED bOO 
IX REFS n loi!t. DE,.JN!D s<Je 
IXP RH'S 'IZ 5!111 DHtNED 5'12' !ell 
IY REf'S '12 1>21> D~I"INED ~'I 'I 
IIYP RI:.P'S '12 558 D[FINED 5'3] 5'10 
T RE~S .n 2'13 3114 3'1'1 410 Clll U1 

a;oe DHINED 261 '~a 401 1122 
Tl RlFS 4eu 4ll!l 'l3l 534 Df'INED 483 5;2 
Ttl REFS 4113 11115 53i! 5311 DEI'"JN!D 415 .II. 

5?.3 53S 
VI" REI"S G50 50. .,. D"lllfl) IU 
VN REfS 51111 '570 574 5711 Sfl2 

DHJNtD 51!3 571 1173 
VNN Flf.~S 511'1 DEl'' J NI'D ,,. 
V~T!IT HFS 511'1 !i7t '573 DfP''JNlD '5•!1 
VII' REI'S '12 !1'.1! 5~3 Dli'JN[D '"~' !1'12 
VI REFS . 581; DEI'INf:D '5711 
Vll RtFS 'I C. 3., aoo 1101 Df:P'INED 3'13 3'14 

3'15 
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II Rtf'S u 2113 3110 •to au 1!Ui16 •:so 
1111 Dt:P'lNlD zet aGO •zz 

IIIC RlprS liZ lllb QCIQ U7 51UI 
DHINED Ill o:n HZ 505 

liN COli RHS 050 5011 sa7 !ill I! blQ 
Dfi'INfD lbb 

W8Q REI'S 1127 aze DEFINED 0211 
liN)( Rns •z Hll3b l!•aqo 1!'5117 DE'lNt:O 1127 Z*IICIZ 

i!*'IOS 
II NY REP'S •z 2•Ub una '''1111 D!l"lNf:D Uti , ... , 

!*545 •i• IIX II[P'II 150 ,a. Ot'IN!D tez· 
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APPENDIX A-4. INDEX OF VARIABLES FOR COMPUTER PROGRAMS 
FOR tiYPOTHETICAL HURRICANES 

PROGRAM SURGE 
YARUI!US 

A RUS 114 510 7U5 DE'lNED 113 
AH[IUR RHS 71>1 1b2 O[!'INED 75'1 71>1 
AN REFS 6'17 DE 'I NED 6115 
B~AR RH& 1'111 !117 61U 1U7 DHINtD Ul 
B"f' ~~~,.s H1 IIIII 682 68!1 747 

DEnN£0 :Si!O 
8'1 I!EfS ll?b t.SJ IIBU 717 D!f'JN[D ••• llOI<R REf'S IIIU un 572 
llP RH8 110 l>II:S DEf'INlD 11?6 7l'f 
ev REf'S 1185 O!'!N[D 11114 
Cl R!,.S 6'17 DEI'INtO 150 
Ci! REf'S 6CI6 DEn NED 150 
1;3 I! US 681 DE~ INfO 1'50 
D RHS UQ 5!12 621 7011 ?U 

OEF1N£D J7'1 
OASQ I!H& 6Bi 6115 Ofl'lNED Ul 
DAYG R~FS 134 678 710 Dti'INED II! I 
DfLSXN Rf~S b'IB D~f'lNf:D 11'17 
Dt:LSYN R!FS 6'1'1 DEP"JN!:D b'lb 
DELT RHS 134 tl'l !liB 586 U1 '.&I UJ 

'71>1 DEI'JNEO :soo 5114 b3'1 
DfL TT RH'S 300 563 D!I'!NEO 2211 
DELX RHS 134 It'll! 1>'17 DE'JNtO 6!0 
DEN RH'S 11113 Dti'!NfD 6fti! 
OIST R!.f'l 150 ll'l 4'1'1 5'32 620 TOI ?U 

O[f'INED 3U 
DIS TO IIH8 1ao 
OTH RHS Ill! I DEI"'N~D 680 
OTN RtFS b'lll 6'17 DHINEO ..,'I 
DT8 R~f'S "" 680 D!!:FJNEO ..,e 
[ REf'S 4!!1 Dtr!NED lUll 
[[ RH·s 11'51 D!:'!NED 0411 
I R(f'S 113 2'17 2"' 300 4130 414:S 530 

745 DHINfD 1?3 2'16 ne 4:SO 442 530 
74!1 

lB RHS ]Ill 3411 361> J7Q 17'1 uoo 4111 
IIJO ara Ot:FlNEI.l 340 31111 l7i! aoo 40'1 
41711 

ICI'ECK RHI une bb'l DEII'tNtD 186 193 2211 il\!18 
270 2Q5 JU 31'!1 161 3'15 453 

ID RE,.a 212 lU zes 292 lOb lU 325 
lli' 350 ]!lb 384 HO 0!)' l NE:D lilt i!28 
301 320 3116 17'1 

IDA RHS 21'1 2'12 lll lli! Df:f'JNED zu illlll 
)07 :Si!b 

I DATA Rln 1!1'1 IIi! 'I 43J '555 OlrlNf:D 1S:S 
Rtra uo 

1DUM !If'S IU 771 H:S Df.I'JN£0 "6 71:1 
101 RHS 41!11 QbO DE' 1~1'.0 lllO 
JDz RH'8 II !It 4110 OE~lNtD 410 
ID:S RHS "" uo Dt~tNf:D ·IIJO 
IE RHI SIIS Sill> 365 :na no ]'I 'I 1115 

410 117.5 D!'IN~D 1111 lll!> 1141 ne 1111 
IIIIi 

I LAST RHI 711 D!P'lNED I 'I 
lDMIT RtP'S ·sss 1>08 us 111111 7011 72& 

DU1NEO 1&1 
IOI<tTD REf· a 555 !171> DfFJNfD I Ill 
IROO REf I Ull IU. lt5 D!I'JNED 11>2 
lTvPt' REF I 4133 411 111>0 533 •a:s 74111 

Dli'INf.D Zl8 
lYX Rf.P'II U4 uB au 
IZONE REFS 2U U8 lU i!llll n:s 21141 ,,. 

4133 4151 11110 53l IllS 11111 
DE,lNEO 2211 

K RHS Tb. 7U DEI'I~£0 7311 767 
KEY RHI 14l 555• DEF JNED 1111 
liE VA RE'I 1111'1 Sbl DUINfD 181 
L RE,.S 31111 n• II 'IS 11'1'1 sou !10. SOl 

soo !110 5111 s1• 552 lli!O 1>21 Ull 
Ull bill 1>1>5 bb6 61>7 672 u:s 674 

075 "" 1>78 1180 1>82 Ul .,., 1197 
701 110 71S 7111 715 711> 717 
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YAAUUI.ES 
DEfiNED :s~· 379 41941 !>Sl .,. 1123 .,, 

I. leT REfs 413J !>U DHINED 181 
1.1. RHS Si!O 5911 591> DE'lNED 519 !191 

.LM RlF8 1110 l'~l 1•9 Zill> 2911 :1115 U!l 
178 199 4'111 '!i'H 1121 72.1 

DEFINED Ul 

""'"' REF'S '!it9 !I'll bib 11!17 DEF lNt.D 2i!ll 
!j RHS 1189 1190 518 !IZO '511'1 !Hill S911 

!19& 1119 11117 b&l bbU 1177 1179 uo 
b8j! &8] 701 710 1l7 . 128 729 no 
731 7li! 7111 7&2 DEtlNlD 41811 5~9 1131 
7&0 

Nt RHS no 1&7 3811 1101 II !II 117'5 
Dlf'INED .ll9 l/J7 l73 1101 1110 1175 

NM AU's 190 1'19 2'18 11811 579 bll TOO 
DHlNED 1111 

NN RH5 350 ]511 3811 ,90 11!11 uo 
DVlN~D :SUit )79 1110 ... ,u RUS 141 41lf> 442 117) PHINtD lll9 

PHt RHa IS II bill uu DHlNED i!'IT 'bi!q 
I'HJt RE'S 2'311 i!l9 21141 i!ll. l!l41 i!h 297 

5H 1113 74111 DEF I~ED ~28 
PI-lilA REf a i'Tt> DEnNtD 215 zuo zus 250 i!!l!i 
PH liB Rtf'S 27& DEFINED Ub ~lll i!llll i!5t i!lill 
PI Rf.Fii 11211 DHINED ili!7 
PN Rtf'S llll 1198 5J7 &U T47 

DinNED SOl 
PD RH8 !Ill 11'18 531 1>14 TilT 

DHINED 301 
R REF'S 1110 IllS 111111 ll98 537 lllq TilT 

DfFlNlD 301 
RR Rlf S IIIII> u&o O[F INEO 1130 
RS RfFS I:SII 13'1 1198 
SA REFS llll 520 5'11> 11?7 U9 bOO TOl 

710 73Z 7112 !H., I NED i199 51141 bti:S 
:ua A En t<i!J QH"JN!J) .!28 
SIP REfS fl!lO DH"IN£0 677 1ll 
!! RHS 5H fila bT8 701 TIO 7~7 TU 

DUll-lED 301 
liiNPHl RHS 13U flllfl Df,INfD 628. 
!I' "EFS 1311 'li!O !5911 I> fiT DH"1NfD "'& j;'lll 

H:S 
SPN Rtrs bTU fiT II II SO 701 710 us· no 

DHlNt:O fii>T 
SPP RHS 1311 b80 DH'lNt:O fiT II 715 
SPR[8 REI"! 1311 76~ DHINEO no 
ST RH! 710 Tll DtFJN~O 701 
nor REFS 1311 7b2 OHIN~O T:Sl 
su~u RlfS 1111& TOI TOi! 710 7U 7ZT 

D!FIN~D 6UO b9& 
6UMSY . RU"S 11<1'1 701 702 710 Till 72& 

Of.FlNf-0 b4l 11'1'1 
Sw R~fS 710 Ti!'l OHINlD TOi! 
sww RlF$ 1311 7112 OHINEO 72'1 
sx RH'll 1311 7112 Off PlED 7i!7 
SXP R~f'S llll b1!l ,DH!Nf:D bTl. Ttl 
SY !lf.f"& 1311 71:12 Df.l'l~ED 728 
SY, RH"S 1111 1>78 DHINED b1l 71~ 

T AHS 1311 13'1 !108 !10'1 
T1 REFS 58b !Sf bUT 11118 Df.l'lN[O 585 ... 
T(l RH8 !18'5 !;87 bill> bli& OEf"INED 5h IU 

II :SO II liT 

"' RHS 160 537 bill Tll7 O~I'INED Jill 
VN RHS b~b 1>92 b'lb TOO Till 

DUlNE.O ~~~1 It'll 11'1"5 
YNN RHS 11'11 D!I''INE.O 11811 
liNT!: IT RH! 1:191 1:1'13 l:oCI5 Oil" INfO I>II'J 
yp RtFS 1311 1182 11es Dt'1NfD ., TU. 
YS RH8 TlO , DHJNfD TOO 
vx REI'S 134 1lCI Ot.P'INED 430 IIIIJ 
w RErs uu 139 5011 5011 510 "" WIND R~'e !507 Dt:FJNED 500 !5011 
WM Rtra 1311 520 '"" bb5 111111 

Or:!' I NED 514 ''" '590 bb] 
WI<COR REI'S 11115 II lib DHINtD 151 
WSQ Jl[f' s 508 509 D!ftNED ·!lOT 
wwx REI'S 134 !llO ''" 1111!1 O!f'lNtO ~08 ,94 

11113 
wwy RHS 134 520 596 bbfl DE' HIED 50'1 'li'lll 

fib) 
~X Rf.n 1110 537 IIIII TOT DHIN£0 :no 
XP AlFS 1110 
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SUBROUTINE HRWDPF 

VARIABLES 
AL. R~I'S eo 61 DHINlD Tlo 
cs RHS eo liS Df.:F I NED 11 
DEl. RE"II 118 ll'f OE~INED 111 
D~I.A Rf"FS ttl till 115 117 DEI'INED " uo 
OELR REI'S lib tiT t20 DE~JN[D 11!1 Ill» 
OISTO REFS ,., 711 Til 
L"' R~I'S "' PN RH'll 70 Ill 
PO RH'S 70 Ill 
PR~SS REf'S 112 Dff'INf:O 111 

" RHS b'l 711 eo 1111 Ill 
RAO! RHS tO 'I OH'INEO Tl 
RA02 . REFS 10'1 OHINfP Tl 
FIS RlfS 103 t05 Ill 112 DEI'lNED 100 
SN Rl~S 81 ,,., oe:nN!O 71 
S'IH RHS 74 DEI'IN!D T2 
T!:ST RHI till IU Dl' JNtD T4 
TH Rtf'S 101 tOll !05 10'1 110 112 

OEf'INED 10'1 II 0 
VI' llUS b'l 811 tO I 
vllx RE'S IOl lOA 
~ REI'S Ill Dfi"IN[D tOll 
1111 RHS "' Ill tOll 
X Rf.FI 100 101 till DP:'lN!.D 10 llll 
XP Rtf'S b'l 811 
y · RHI 100 I 0 I "' D!ii'JN[D ll II' 

SUBROUTINE QUAD 

YARJABI.f.S 
!:RI!OR R!:I"S lO 2J lT ·'1'1 DEI"lN~D Ill I 'I 

H. " PI Rf:I'S 1111 116 '" DE'INP:D Ill 
TH RHS 561 Ill DEI"lNED I 411 IIIlo II If 

52 
X RHS 18 ll 32 n :SII n 1111 

11'1 52 Dti"I~!:D I 
y RUS I 'I :II Si! u Jll ,. 411 

11'1 52 DE"'Nf.D I 

SUBROUTINE DEFL 

YAIIJAI!I.f.S 
OISTO RHS 12 
1.t4 REI'S 12 
PI REfS I flo 18 Zl DEI''lNfD ll 

" Rf.I"S 12 lQ lOS I• ll 
RHO REI'S Ill ,, u Zl D!:.'INt.D t 
.TH RUS Ill 18 l!t O[I'JNe;D I " Ill 

i!t 
YF RH'S li! wx Rti'S 12 
XP RHII u 
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SUBROUTINE VEL 

YARUBL£8 
DP:LT R~f5 12 1l 
DIST REfS tl 1l 
DlSTO RHS I~ 

1 RHS 34 311 DnlNfD n 
Ll1 REI'S Ill 

"' HFS Ill IIi! DEl' I NED "' N~'U RH·s 15 ll 
R REfS I q Ill 
RMD RUS Ill DEl' INfO 
Rl FllfS til IJ 
T Rli"S 1a IJ 
VI" REfS Ill 
vx REFS IZ 13 Ill Ol 
vxx DHlN~D I 30 Ol 
~ RtfS IZ 13 
wx RE,..S Ill 
XI Rt.FS i!O Zll 3!1 Ill Df:l'lNtD Ill 
X'-' REI' I u Dfi'!NED 41 
XP REF'S 14 
XX RHS 35 IIi! D!lf!N!D JO 

SUBROUTINE STRIPT 

VARUIILfS 
cs RU'S Ill 5b DE,.lNP:D. u 
OELT Rli'S 17 20 
DlST RE'S 17 20 
DISTO RHS 18 fl2 Dfl'lNf.D I> I 
EE Rtf" II 32 311 Dfi'INEO :u n 
l RHS i!1 i!'l 31 :n u Oil 

DEflN~D 21> 
LM R~I'S Ill 
~PTS R!I'S " 21> 
R RHS Ill 52 51> '.Ill 
RiolO RVS '50 !12 I> I .i! DH1Nf.D n !10 

5i! 
RS REFS 11 i!O 
SN RHS '5!1 DEnNtO 2Z 
T RH8 17 i!O 
VF RHS Ill i!/1 
vx RHS 17 zo 27 31 ·33 112 1111 
vxz RU'S 21 l3 •z II& D~FINlD 24 

"' Rli"S t1 zo 
wx REfS Ill 211 
XM Rtrs 50 ·oEI'lNEO Ill> liS 
XP REI'S til Ill D!f'lNED 511 
ypp Rii'S Ill or:nNr:o ,. 
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SUBROUTINE PROFIL 

VAIIUIJL~S 
u RHS 8 225 2211 i!O& 249 
I:IOMI! RH8 li! 274 DHINEO 19 92 911 I 0 l 

110 134 l!:iO 1511 160 2!15 
ou~ REFS I 0 "" DEF I >JED 98 
E RE~S li!b 1411 DII'IN~D 57 
H RHS li!b Off' I NED 125 
!II A .RE~S I 0 rq 92 9Q 101 1111 llll 

1'50 1'511 1110 DfnN!O bl 
IIH·s lbl i!i!b 245 UCJ nz lb!l 

OHIN~O 159 i!IU 237 21>5 
IA REFS 215 U7 218 il2l Ull 

OHINEO 207 217 
IAX RHS 8 !bl 11>3 DEI'INEO IJ9 
IB HI'S 120 IZI 125 121 iiU 21>5 il!lll 

DEFINlO .It 'I 127 i!bl 26!! 
IO RHS 1b 95 'lb Dl'l~ED •7 118 b9 

10 71 72 73 711 
IDAP Ofi'INfD I RHS 13 89 '18 li!t 13'1 
IE Jl[f3 121 135 131 IU 1!11 152 lbll 

2115 21>7 DEFINED 120 131 lU lbll 
I' LAG RlFS 172 DEFINED e8 !If 110 
I'UD RE'S Zt!l Ol"'NEO 206 216 
IliA RE" e 2115 D!I'INtD I 1!11'1 2'12 
ITVP[ REf$ 265 D! n~ED I 
IZDN! RHS 66 b9 70 11 12 , ?II 

eo ilb'> DtF INlD I 
JID RlFS '13 95 'lb Of'! NED 89 
II JH.FS 121 IUU 1'51 1'52 DU'INEO 121 llll 
KIC Rli'S !19 9'5 102 IOU IU 10• Ill 

115 121 125 140 I !II ITO 1!1'5 1!19 
I'll 21!1 21!! i'Z] 2211 221> nz i!lU 
j!q] 211!1 241> OHINED 81 liZ IU 1112· 
202 244 

ICX IIEFS 1111 Dtr' INt:D 57 
L REFS 1~5 t!!9 223 224 uz 

Dt:FINED 1!15 !!19 22?. 232 
LIST RlfS I !II 22'1 2511 DEl' I NED 
MP Rli'S 185 !89 DEJ'INEO 1'52 
NC qu·s Z65 269 DH I NED i!ll2 ~I> 'I 
NPTS IIEFS II 214 232 i!lT 264 2b1 
R RlfS 8 102 lOll 10!1 lOb Ill 170 

lql .uu 243 ?.lib DEI'I~ED aq Ill 
RR RE~ 3 104 105 ITO I'll ill II i!II:S 2119 

2'5? 21>5 Cf''JNfD I 
VRz Rtrs a lUll seq 2i?4 OEJ'INED Ut 
YTMI' Rl~S 8 232 205 25i DHlNEO 221> 
X RU'S 2t'J 218 22b ill1 OH'lNED zo. 227 
XII! RE'tl II 12!1 1114 151 U!t i!U 2111 

i!i!] DE~!Nf:D 121 
XXA ~EFS e 2Z5 21111 Df.,JN[D Ul i!Qf,; 
V'fl Rll'l II 225 i!O!I DE'IN!D Ull Zll5 

SUBROUTINE INTERP 

VARJABL~S 
AX RUS lb J1 OEI'INt:D '" J1 
E RHS i!O DH'JN~D 11 
xu RHII Ill 20 n Sb ST 

DtF l~EO I 
YVA REI' I I• H J7 DE,JN[D 
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SUBROUTINE ZERWND 

YARIAI!I.ES 
AL RHS n 110 DHtNED 7'S 
cs RH'S 1't 117 DHlNf:D u 
D!L Rti'S 117 II& OE'lN!D IU 
D'-l T RHII 1>0 u '" DlST RHS 110 bZ .1, liS !Ill 
DIS TO REFS !>l 1'5 
~R Rl'S 111 75 11> O['fN~O 10 711 
K!V RHS Iii ,. 1!2 IIJ 120 
I. RH"S 70 'Ill I 01 IOZ 103 lOb 108 

Ill 115 1111 DtnNt"D 1J 'H 
I.M RHS Ill 91 11'5 
~ RH"S 71 1b DHlN!:D I 
MW RHS 1Z n DUIN£0 71 
Pt O!FlNED 11'5 
R REFS ·l>l H IIQ 
RAOI RHS 101> Dfl"tNED 11!1 
RA[ll REI"S lOll DHlNfO !>5 
RS RHS 1>0 IIi! I Ol IO:S Ill 

O!FIN!O 'Ill 
SN Rf.I'S eo !Ill DU"INED "' T REFS 110 112 lOll DEI'lNEO 101> 
TH RHS 'IQ 102 10\ lOll ISS 

PH INtO 106 
VI' RHS 113 7!> 1111 102 
YX R[I'S 1>0 62 
vxx R!I'S 101 IOi 
w R~FS 110 Ill Ill OH'IN!O 101! 
wx RU'S l>l IIQ 102 
X. RHS 'Ill .. tl1 DEl' INtO 111 111 
XP RVS u 1111 
v R£,. 'II! "" Ill! DE,IN!D 80 lll! 
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APPENDIX A-5. PROGRAM DECK STRUCTURE FOR ACTUAL HURRICANES 

l'ClUAL HURRICANE DOCK Sl'RJC'lURE 

1. QJ590) JOB CARD 

2, TAS~(TNQQ72bU6tPWCERC1tTRTS)HCCLUNG AEC SURGE· 

3. FTNCOPT•O,PL•IOOOO) CXMPIIE Usm:; FORl'AAN CXMP:i:LER 

4. REDUCE, REOOCE 01RE SPJ\CE MINIM.M VAWE 

s. LGO, JLW) AND !UN PRs:X>ru\M 

6. 7/8/9 END CF CXN.rroL CARD DOCK 

7. MAIN PROGRAM DECK FOR SURGE 

a. 7/8/9 END ,CF PRs:X>ru\M DOCK 

9. DATA DH~ 

10. 7/8/9 

11. 6/7/8/9 END CF JOB 

190 



APPENDIX A-5. PROGRAM DECK STRUCTURE 
FOR HYPOTHETICAL HURRICANES 

HYPOTHETICAL HURRICANE DECK STRUCTIIRE 

1&2 PAGt.S JOB CAR.D 

2. l~S~(TNQQ72bU8tPWCERCltTRTS)MCCLUNG AEC SURGE JOB DEFINITION CARD 

3. FTN (OPT a 0, PL•l 00 0 0) COMPILE· IN FORTRAN COMPILER 

4. REDUCE, REDUCE CORE SPACE TO MINIMUM VALUE 
'-

5. LGOo LOAD AND RUN PROGRAM 

6. 7/8/9 END OF CONTROL CARD DECK 

7. MAIN ,PROGRAM 01-::CK FOR SURGE 

B. SUBROUTINE HRWDPF(M) 

9. SUFH~OUTP<E QUAD'( X, V, Tt1) 

10. SUBROUTINE DEFLCTHtRHO) 

11. SUBROUTINE VEL(HHOtVXX) 

12. SUBROUTINE STRTPT 

13. SU6ROUTPIE PROFlLtiZO~E,ITVPE,RR,IRR,In&TA!LlST) 

14. SUBROUTINE INTERP(XXAtVVAtAX) 

15. SUBROUTINE ZERWNO 

16. 7/8/9 END OF PROGRAM DECK 

17. DATA DECK 

18. 7/8/9' END OF DATA DECK 

19. 6/7/8/9 END OF JOB 
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"""" '-0 
t,J 

APPENDIX A-6. DATA INPUT CODING SHEETS AND EXAMPLES FOR ACTUAL HURRICANES 
I 2 3 4 5 6. 7 8 

l112l3l4l!':l6l7lsl9loiii21314J5I6I71si9IOI112I314l516171sl9lolll213l415lsl7lsl9!ol112131415l6l71sl9loiii2I3I4I5I6I7I8I9IOIII2I3I415I6I71sl9lolll2i3:45,6i7lsl9101 
Storm Identification Title Card 

2 20 40 60 80 
I I I I I II I II I I Ill I II I I II I II I I I I II II I II I Ill I I II I II I I I I II I I II I II I I I II II I I I II II II I I II 

NM LM !SKIP IOMIT IOMITD ID 
3 5 910 15 20 25 76 80 

2 em m o o o IPIA!RI 111 2 
PHII I TYPE BEAR ID 

15 20 48 50 52 60 76 80 
3 I I I 1.1 I I OJ] I I I I 1.1 I I I I IP!AIRI 121 3 

R PO PN VF SE WKCOR ID 
2 7 9 14 16 21 23 28 30 . 35 58 63 76 80 

4 I I I 1.1 I I I I I 1.1 I I I I I I. I I I I I I 1.1 I I I I I 1.1 I I I I I I I I IPIA!RI 131 4 
WX BFF 

76 
ID 

80 I 7 9 11 
5 I I I I 1.1 II I I I I I I IP!AIRI 141 5 

6 
7 
8 
9 

10 
II 

15 
16 
17 
18 
19 

20 
2.1 
22. 
23 

ID 
I 5 
DE Pi1 
DE PT 
DE PT 
DE PT 

IT 
DE PT 
DE PT 
DE PT 
DE PT 

IHUR NN LX 
I 345 7 10 

241 I I Ill liDJ 

NN 
15 
I 
2 
3 

5 
6 
7 
8 
9 

NN 
15 

Bottom profile distances from shore (values taken seaward - shoreward ) 
DIST( L) DIST (L) DIST (L) DIST (L) DIST (Ll DIST(L) 

23 30 33 40 43 50 53 60 63 70 73 80 
_I . 

I 

I 
l 
I 
I 
l 
I 

6 
7 
8 
9 

10 
II 
12 
13 

here L=i LM 1 maxim to um a 50 14 
rot1le c e hs { values Bottom p pt taken seaward shoreward ) 

23 D(L) 30 33 D(L) 40 43 D(L) 50 53 D(L) 60 63 D(L) 70 73 D(L) 80 .. 

Wind field data where N=! to NM 
DEL T(N) SA (N) ALPHA 
17 2.0 27 30 35 40 
[ll]] 1TIJJ I I I 1.1 I 
Wind field data where L=! to LM 

_1 
I 

I 
! 
1 

• 

. 

15 
16 
17 
18 
19 

2.0 
21 

~~~·ww 22. 
o ( m of 50) 23 

ALPHA and BETA¢ are supplied If interpolation for RS is required 
Where L=~ u. maxlmu 

BETA¢ 
45 50 
I I II 1.1 I 24 

IHUR NN LX RS (L) W(L) T(L) 
I 3 45 1.........J.9 15 20 25 30 35 40 

251 I I II I LLW I I I I 1.1 I I I I I 1.11 I I I 1.1 I 
I 2 3 4 5 6 7 8 

25 



I 2 3 4 5 6 7 8 
I1121314I!Q617IBI9lOI1121314l5I6I71Bl9lq 1l2l314J5i617l8l9lOi 1l2!3l4l5l6l7l8l9!0jll2l3l4l5l6l7l8l9l0l1l2l3l4l5l6171Bl9l()jll2l3l4l5l6l7l8l9l0l1l2l3l4l5I617IBI9IOI 

Storm Identification Title Card 
2 20 40 60 . 80 

lviFI=Itlsl.~l lJC!Niofrlsl ICIAIPIPII¢loixl.l>l IRI=I214!.1 lt41.1 li1Jlc.l£1sl lciAIPIPlRioiXI.I>I I I I I I I 1 I I I I I I I I I I I I I lc.lnll'f!ZILILIEI I I 
!SKIP !OMIT IOMITD ID 

15 20 25 76 80 
~ ~ ~ IPIAIRI HI 2 

NM LM 
3 5 910 
[BJjl [!:MJ 2 

PHI! ITYPE BEAR ID 
15 20 48 50 52 60 76 80 

3 I l;!ljj . 11161 ~ lsi 11121. @PI lei IPIAIRI 121 3 
R PO PN VF SE WKCOR ID 

2 7 9 14 16 21 23 28 30 35 58 63 76 80 
4 1 lz!41.1sfl"l I l2171.161sllltl<ii.!CIIzlllll5l.f21f8 I 1111.111.¢1 llll.hl¢1 IPIAIRI 131 4 

WX BFF ID 
I 7 9 ~ 76 80 

5 I lr lzlsl.~@ I 1.@¢15[ IPIAIRI 141 5 
Bottom profile distances from shore (values taken seaward - shoreward ) 

6 
7 
8 
9 

10 
II 
12 
13 
14 

15 
16 
17 
18 
19 

20 

DE 
DE 
DE 
DE 

DE 
DE 
DE 

I PIT 
PT 
PT 
PT 

PT 
PT 
PT 

5 

NN 
15 
I 
2 
3 

5 
6 
7 
8 
9 

NN 
15 

DIST(L) DIST (L) DIST (L) DIST(L) DIST (Ll 
23 30 33 40 43 50 53 60 63 70 

DIST (L) 
73 80 

77. 17'd 161t:. 16. 1e lJ!d. 
12~. I/ '5 1/ 15. 13. 

I . S!l. 

"'here L=i to um LM (max m 0 50 
pt taken seaward shoreward ) 

33 D(L) 40 43 D(L) 50 53 D(L) 60 63 D(L) 70 73 D(L) 80 
Bot.! om prot1le de 

'" o:L 3( 
hs 1 values 

~gl~ /6< 'i'ltL !HZ. .. ~. 
36 ~s. 13. 12. lq 'f. 

3 "" . . 
. . 

6 
7 
8 
9 

10 
II 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 

21 
22 
23 DE PT Where L= u. maxlmu o ( m of 50) 23 

Wind field data where N =! to N M 
DEL T(N) SA (N) ALPHA 
17 20 27 30 35 40 
[]JJ] ~ I I I 1.1 I 

IHUR NN LX 
I 345 7 10 

241CIAIMI ltl 0IIJ 
Wind field data where L= i to LM 

IHUR NN LX RS (L) W(L) T(L) 
I 3 45 7 10 15 20 25 30 35 40 

ALPHA end BETA.0 ere supplied If interpolation for RS is required 
BETA¢ 

45 50 
I I I I 1.11 24 

25 25lc1Aiif II ITIJl] I !ZI71~1.1 I II 13171.11 I 18161.1 I 
I 2 3 4 5 6 7 8 



SAMPLE 

ACTUAL "UR~ICA~~ OATA DECK 

Sto:an Identification Title 

1. CA"ILLE vFa!loO 1\~0TS (APPROX,) Qa2u. N. MILES (APPFIOX,) HEADER CARD 

lM LM !SKIP IQo!IT ICMTID ID 

2. Ill \II 0 0 0 
PAR 

PHII !TYPE I!IE:r.R ID 

3. :so.oo CAM S 12.00 E PAR 2 
HURRICANE PAAA.'IETER CARDS 

R PO PN VF SE WI(CO!l ID 

4. llloOO 27,!>3 ~'~~'~2 !3,00 loi!O lolO PAR l 

wx BFF ID 

s. 125,0 ,0030 
PAR " 

ID NN DISTfL) DIST(.L) DIST(L) DIST(L} DIST(l.} DIST(L} 

1-' 
6. OIST I 77. 10, !>0, 50, 110, JO, 

'-0 ,;.. 
7. OIST 2 i!Oo !5. 10, 5, J, z. 

mESE CARDS DEFINE 

s. OIST l I' o. BATiiYMETRIC PROFILE 

ID ,._.. ... D(L) D(L) D(L) D(L) D(L} D(L} 

~- DEI'TH I bOOo ZJS, !bOo qo, sc:. 40, 

10. DEPTH 2 lbo 35, llo 12. "· "· 
11. DEPTH 3 :So o, 

IHUR NN DELT(L) SA(L) 
12. CAM 1 1. ,e 

I~ NN LX !!$(L) lf(L) T(L) 

~ n!ESE CARDS GIVE DATA 
13. 1 1 27U., :H, eo, TAKEN FROM ISOVEL CHARTS 



I 
2 

APPENDIX A-6. DATA INPUT CODING SHEETS AND EXAMPLES FOR HYPOTHETICAL HURRICANES 

I 2 3 4 5 6 7 8 
UJIDI4I516j718I9IOIII2I3I4I5I6I718I9Ioiii2131415I6I71819IOIII2I3I4I5I6I7I8I9IOIII2131415I6171819iolll213l415l6l71sl9lolll2l3l415l6l71al9lolll2l314l5l6l71819ij 

!LAST !DATA 
5 10 ·o o 

If I DATA= 4 pre- punched digitized wind field d~ta decks are supplied for input 
. Storm Identification Title Card 

2 . 20 40 60 80 
2 

3 11111111111 I I I I I I II I I II I I I I I I I I II I I I I I I I I II II I I II I I I II 11111111111111111 111111111 3 
ID NM LM 

3 5 910 
4 ITIJ rn 
5 

DELTT 
5 10 
I I I 1-1 I 1· 
R PO 

!OMIT IOMITD KEY KEYA LIST 20 25 30 35 40 
0 0 0 0 0 

PHII SAA IZONE 
15 20 25 ·30 40 

I I 1.1 II I I I 1.1 I I 0 
PN VF SE 

2 7 9 14 16 21 23 28 30 35 

!TYPE BEAR 
48 50 52 60 
ITO 11111.11111 

76 80 
IPIAIRI Ill 4 

ID 
76 80 
IPIAI~ 121 5 

ID 
76 80 

6 II I 1.1 I I I I I 1·1 I I I I I 1.1 I I I I I 1.1 I I I I I 1.1 I I IPIAIRI 131 6 
ID WX BFF 

I 7 9 14 
1 I I I I 1.1 I I I 1.1 I I I I 

76 . 80 
IPIAIRI 141 7 Bottom profile distances from shore (values taken seaward- shoreward) 

DIST{L) DIST{L) DIST{L) DIST{L) DIST(L) DIST{L) 
23 30 33 40 43 50 53 60 63 70 7~3r-,-,r-r-I-,-;8:.;-0 

8 8 
9 9 

10 10 
II II 
12 12 
13 13 
14 14 
15 15 
16 • Where L = 1 to LM (max1mum of 50) 16 

Bottom profile depths (values taken seaward - shoreward) 
5 43 D(L) 50 53 D(L) 60 63 D(L) 70 73 D{L) 80 23 D L 30 33 D(l 40 

17 17 DE PTH . .II I! I ,I I 
18 18 TH . . • I I I I ' I ' I . 
19 19 
20 20 
21 21 

DE PTH 
DE PTH 
DE PTH 

. . . 
. 
. 

. i 
:! 

.u 
'I I ·' I: I .I 
I; I .] 

! 
I 
I . 

22 22 
23 23 

DE PTH 
DE PTH 

. . . I I 
.1 I 

I i ' 
I' I · 1.1 

I 

I 
24 DE PTH . . .u l 1 I 1 1.1 I . 
25 Where L = 1 to LM (maximum of 50) 25 DE PTH . 
26 If I DATA= 0 pre- punched relative wind field data deck is supplied for input 26 

1 2 3 4 5 6 7 8 



1-' 
\0 
0\ 

I 
2 

3 

4 

5 

I 2 3 4 5 6 1 8 
UJIDI4Isi617l8l9loiii2131415I6I7I8I9IOI112131415I61718I9IOIII2I3I41516171sl9lolll213l41slsl718l~olll21314lslsl7lsi9IOI112I3I415I61718191olll213141sl6171819ij 

!LAST !DATA 
5 10 
ill Iii 

If (!DATA= 9pre- punched digitized wind field data decks are s·u pplied for input 
- Storm Identification Title Card 

2 w ~ ~ 
ISIAIMIP!Lie.l I~ITiol~tiMI lsluiRIGIEJ IPI~Io@'-le.11'11 I I I lwiA!f'fiPITiolul I&I£1Aic:ltfl)lij.IHI.I I I I lwluiRI.I IHI IPIMIHI I21-1Zii'l-l71fl 

NM LM !OMIT IOMITD KEY KEYA LIST 
3 5 9 10 20 25 30 35 40 
~ ~ ~ ~ ill ill ill 

DEL TT PHII SAA IZONE !TYPE BEAR 
5 10 15 20 25 30 40 48 50 52 60 
I I I 1-15101 141201-18131 I lt!JI.Izl I ~ te1lffil IN I 17151. @kt! 1M 
R PO PN VF SE 

2 1 9 14 

80 

I 
2 

IGIYI IHIDHI I I 3 
ID 

76 80 
IPIAIRJ "I 4 

ID 
76 80 
!PlAIR 121 5 

ID 
76 80 

6 I 15161.1 I I I 12171·14121 
16 21 23 28 30 35 
I 13@1.141Zl I 13171·1 I I I I I 1.161 I IPIAlRI 131 6 

WX BFF 
I 7 9 14 

ID 
76 80 

1 I lilt@ • @ I I 1.1¢!il!11sl Bottom profile distances from shore (values taken seaward- shoreward) IPIAIRI 141 1 

8 
9 

10 
II 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 
25 

26 

DE 

DE 
DE 
DE 
DE 
DE 
DE 
DE 

5 
PTH 

TH 
PTH 
PTH 
PTH 
PTH 
PTH 
PTH 
PTH 

NN 
15 
I 

DIST (L) DIST (L) 'DIST (L) DIST (L) DIST (L) 
23 30 33 40 43 50 53 60 63 70 73 

~IZ .:~ 16 i'l3 16 11} 
37 .6 136 .6 135 6 131' • 6 31~ 6 
ZIB' .6 1117 .u IZS • 5 1215. 
214. 23 • s 5 2 I • 5 :Zijll .'5 
I 9. I 6 • I 5. I . I 
8.~ 5. 3 12. I , 8 
I • ~ I , 2 I • .lq • ;li' 

.16 • 5 .14 • 25 .12 
I;Zi .Ia! . Where L = i to LM (moxamum of 50) 

DIST (L) 
80 

3 
2.1'1 6 
Z4 5 
~!0. 
I . 

I 6 
.;7 
• I 

23 D L 30 
Bottom prof ale depths .{values token seaward - shoreward) 

43 D{L) 50 53 D{L) 60 63 D{L) 70 73 D(L) 33 D{L 40 80 
~¢ 1¢. 158'ij:! ~. 6.1 414-16 I I 14-1.2 . . 9. .21.1 .226 I .23 . IZ6 6 • 

% 14. 3 l{Zi • I I" • ; 118 9. I I '1 119 
111 6. 1617 I !.5 • ' 2.7 .1 2.'1 Z9 
131 7. 138 IZ. ~ 65. 36 . I ~I . 117 . 
~4 . /56 16 I 6 16 
~ . 4. I • 33. 1.3, . I ~ .I I . 
I . 113 II. /I( . 1 .j . 

8 
9 

10 
II 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 

.!2! Where L = 1 to LM {maximum of 50) 25 

If I DATA= 0 pre- punched relative wind field data deck is supplied for input 26 
I 2 3 4 5 6 7 8 



!LAST !DATA 
1. I II 

JID R(KK) 
2. 000000000100~000 

~VPOTHETJCAL HURRJCANf DATA O~CK 

XR2 VR2 XR2 \'R2 XR2 VR2 XR2 VR2 XR2 VR2 XR2 VR2 XR2 VR2 XR2 VR2 
3. +OOOO+OOOO+OOnt+OOOO+Oft0?+000t+On03+000Z+OOOQ+OOOl+0005+00nii+0006+000b+0007+000b 

4. +0008+0007+nOOq+000B+OOt0+0009+00II+OOII+OO!i?+OOI2+0ol3+~01l+OOIQ+OOI5+0015+001b 

lAX 7 .•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

JID R(KK) 
8. OOOOOOOOOIOObi>O 

XR2 VR2 XR2 Vll2 XR2 VR2 XR2 VR2 XR2 VR2 XR2 · VR2 XR2 VR2 XR2 VR2 
9. +OOOO+OOOO+nOOI+0000+000i?+OOOI+OOOl+0002+00011+000Z+0005+00011+0006+000b+0007tOOOb 

10. +0008+0007+oooq+0008+00IO+OOOQtOOti+OOII+OOt2+00lZ+Ootl+OOll+OOJa+ooi5tOOt5+00ib 

11. +ootb+Oote+oot1 e:rc, 

12. qqqqq 

lAX 13 .•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

14. I'INAL. 

15. 

16. 

17. 

18. 

19. 

NM 
GO 

R 
56, 

wx 
120,11 

lJ.I 
gq 

DELTT 
o50 

i'(J 
ZT,IIi! 

BFF 
,ooi!lj 

Storm Identification Title 

HlHT ICJ4ITD KEY 
0 0 I 

PHil SM 
112o83 tloi? 

PN VF 
JOolll 31, 

HAMPTON HEACHoN,H 1 HUR, H PHH 2•28•74 BV HOM 

KEYA LIST 
1, 1 

!ZONE 
II 

SE 
,6 

I TYPE 
PMH .. BEAR 

75,00 w 
ID 

PAR l 

ID 
PAR l 

ID 
PAR II 

When !DATA • 4 this tYPe 
of data is supplied as 
input for interpolation; 
then wind field data is 
computed 

HEADER cARD 

HURRICANE PA!WoiETER CARJ>S 



IU- NN lllST(L) UIST(L) UIST(L) UIST(L) _ UIST(L) DIST(L) 
20. D!ST "I G7ob Ql!,b a3,1> ao,o 3'1,1> 36,1> 

21.. DIST l Hob lb,b 3r,,b :Slob 30,1> 2'1,1> 

22. DJST 3 l6ob 27, 2bo zs.s 2'-i, za,s 

23. DIST a za, 23,5 u.s 21,5 2o,o_; 20, 

24. OJST 5 I 'It '"· I 5o I 4 • 1Zo'5 I 0. 

25. OUT " !1,5 5, 3o 2, I.e lob 

26. OIST 7 loll !,2 lo ·" ,e .7 

27. DIST e '" ,'S ,a ,J .z ol 

~ 
28 •. OIST q o,o 

\C U(L) THES~ CARDS DEFINE cc IU NN U(L) ll(L) ll(L) U(L) U(L) BATHYMETRIC PROFILE 
29. DEPTH I bOO, 580, 4!11>, 1141>, 410, 420, 

30. DEPTH 2 1112t 11111 1 1102, 221>, 230, lbb, 

31. DEPTH J 124, 100, 1'10, i8'1, I 'II•, 1'111, 

32. DEPTH Q l6bo 11>7, lb5t 278, 2'11>, 2'14, 

33. DEPTH 5 3'17, lei!!, lbSo lbSo 317, 175, 

34. DE"TH b 2G'h 1511, b'lo 1>4 1 bOo bO, 

35. DEPTH 1 a 'I, at, n. )0, 2e, "'· 
36. DEPTH. II as, 13. lit 10o '1, a, 

37. DEPTH 'I o,o 



~YPOT~ETlCAL ~URRXCANr OATA DECK 

!LAST IIJATA 
1. t 0 

Storm Identification Title 
2. SA14Plf STOR14 SURGE PR08Lll1 MAMPTON BEAC~oN,Mo MUR, M PMM 2~2S•74 BY HDfol HEADER CARD 

NM IJ.I !OMIT IOMITO KEY KEYA LIST ID 
3. G4 4'1 . 0 0 1 1 1 PAR 

IJI:LTT PHil SAA !ZONE !TYPE BEAR ID 
4. ,5o az,es tt oi! Q PMH N 75,00 ~ PAl< i! 

HURRICANE PARAMETER CARDS 

R PO PN VF SE ID 
5. 5!1, 27,112 lOtU 31, ·" PAR l 

wx BFF . ID 
6. ti!O,II ,0025 PAR II 

"""" Ill NN DIST(L) IJIST(L) DIST(L) DIST(L) IIIST(L) DIST(L) 
\0 7. D!ST t 111ob a&,b lllob 110 0 b l'l,& ]!!,& 
\0 

8. DIST 2 37 •" lfl,b S5,b lt,b lO,b 2'1ob 

9. DXST 3 2!1o& 27, i!flo 25,5 25, 211,5 

10. DIST II i!llo 23,5 Zi'. 5 i!t,s 20,'5 20. 

11. 015T 5 \'lo lbo I 5o til, li!o'l IOo 

12. OIST & !loS 5,. :J, i!, loll lob 

13. OUT 7 loll 1,2 lo ,q ,e ,7 
THESE CARDS DEFINE 
.l!ArnYMETRIC PROFILE, 

14. D!ST " ob ,5 ,II ol o2 • t 

15. O!ST q o.o 



ID NN. U(L) U(L) D(L) D(L) D(L) D(L) 
16. DEPTH I bOOo 580, G5bo l1Qb 0 oto, lli!Oo 

17. DEPTH i? Gli!o 4!6, C07.o 22b, 230, 266, 

18. DEPfH 2 Cli!o 016o 402, 226, 210, i!66, 

19. 'DEF'TI'I 3 32llo 300, !'lOt !8'1, !'16, l'14t 

20 •. DtPTH Q 186t I b 1, 1115, 278, i!'lbt 2'14, 

21. D~PTH 5 3'17t l!!2t 365, 165, 317t 175t 

~ 
0 22. DEPTH. 6 211'1o 156, 6'1, 64t 60, 60, 0 

23. DtPTH 7 O'lt lilt Ho 30t ze, 16t 

24. DEPTH 8 Pit 11t II, 10, 'It lit 

25. DEPTH q OtO 

ID1 102 ID3 RR liN VX(I) VX(I) VX(IJ VX(I) VX(I) VX(I) VX(I) VX(I) VX(I) VX(I) VX(I) 

~'] 26. ZONE II PHH '5bo0 I 8'16 'liT '130 CJ45 '1511 '165 97Z '181 986 'I'll ''1'1'1. '1'18 When IUATA • 0 this type 
of data is supplied as 

27. ZONE Q'PHfo4 !5!tt0 2 9'18 'I 'IT '196 9'15 'I'll '191 98'1 '186 '182 '176 'ITO '165 input for computing wind 
field data 

28. ZONE II PMH '!6t0 3 e:rc, 



APPENDIX A-7. OUTPUT LISTING EXAMPLES FOR ACTUAL HURRICANES* 
Output for I SKIP= 0 
D!L T(N) lAIN) AI.PHA I!!TAO 

AUD l I. loO ••• UlloO IIOoO 

I. DJST RS( I) ,.uo R~ILI 

Ill l loOOO l4fto000 ,11115 iii7,30T 
til l 2o000 l4~o000 ,1111'5 llllt,blll 
lit a :s.ooo ta&,ooo ,IIQ'5 I a5 1 11Jl 
lfl , '5o000 lOI!oOOO ,IIQ5 1U 1 '5TI u • 1o.ooo lllloOOO ,11'15 10!,211 
Ill ., 1'!,000 1ae,ooo ,IIQ'5 . 13ft 1 00S 
Ill II lO,OOO 1ae,ooo ,.11'1'5 ua,!!711 
Ill q so,ooo ue,ooo ,11'1'5 !28,'179 
16 10 ao,ooo UlloOOO ,6'1'5 12'·"0'~ u II '50o000 ta!!oOOO ,IIQ'5 111'1,1!41 
Ill 12 ~~~.ooo 108,(100 ,11''5 ua,ru 
16 13 'TO, 000 1ae,ooo ,11''5 llloiiOG 
Ill IG eo,ooo ue.ooo ·""' 1011,1!7' 
Ill I'J •o,ooo tae,ooo ,II., tO?oUI 

Output for !SKIP = 0 or 1 
ACTUAL INPUT Ot' RS(L) W(LI TILl 
AUD 1 1 l07oi! 30,0 l, I 
AUD I i! lOll oil .3],11 lol AUD I 3 II loG 15,] lol AUD I Q lllloT 36,7 lol 
AUD I IJ II !loll S!!,T lol AUD I. II li!'loll 111,0, lei AUD I ., ~~~~.o 112,2 I, I 
Auo I II ua.• Glol leO 
AUD I ' IJ!!oO a5,7 loO 
AUD I 10 llllo2 ae,1 ·" auo I II IUoll '50,2 ,e 
AUO l IZ 10'5,11 '5i!,7 ,e 
AUD I n lOll oil '55,2 ,., 
AUD I u 107ol ,.,,,. •• A.UD I IIJ IOIIoO IJ'I,II ,, 

D!:LT(N) lAIN) ALII'HA I!!TAO 

~UD Z z z.o ol I'IGoO fiT I 0 

L !liST RS( I) t'UD RS!L) 
Ill ~ loOOO rao.noo ,1102 ISQ,IIOO 
Ill 3 z,ooo IIIOoOOO ,110?. ne,eot~ 
Ill a :'l,ooo· 1ao,ooo ,ll02 lleoZI5 
Ill '5 '!oOOO rao.noo ,flOC! llToO.II'I 
Ill II IOoOOO 140o000 ,b01. 134,220 
Ill 7 l'5o000 IIIOoOOO obOi! Ulo5i!O 
Ill !! i!OoOOO IGOoOOO ,602 ti!!!,957 
lb q 30o000 140o000 ,e.oz ua,zn 
Ill 10 40o000 IIIOoOOO ,1102 tzo ,u• 
16 II 5~.000 tao.noo ,1102 tteo,'ll'l 
16 u I>OoOOO IOOoOOO ,&o~ IIAoiiiO 
Ill 13 70o000 IIIOoOO~ ,1102 lll!o Till 
Ill 10 eo,ooo uo.ooo ,1102 tlloii'IO 
Ill 1!1 '10,000 uo.ooo ,1>02 lllo'157 

ACTUAL INPUT 01' RI(L) W(l) TIL) 
AUD 2 I 112 ,o Ol,o leO 
Auo ?. 2 lllo'l 41,1 It I AUO ~ J 112oT 01,2 lei AUD z a. II q •• 111,5 lol 
•uo i! 5 Ill> o'l Ul 0 '1 loO 
Alio z , li!Oo2 Ulot loO 
•uo I! ., l;.tQ,] QU,i! ItO 
AUO 2 e ll!'leO 11'5,q lo 0 
AUD i! q Ulo5 a7.T ·" AUD 2 10 ua,z 50,0 ,& 
AUD 2 II UToO 5i!,Q oil 
AUO 2 IZ ue,z 54 1 T ,., 
AuD l IJ I Hell '5T.o •• AUD 2 IO 13'1,Q '"·2 o5 
AUD 2 I'J IIIOoO 110,0 •• 

*See Appendix A-3 for definition of variables. 

201 



Standard Program Output 

HURRJCAN! AUDR[Y VERlFlCATIO~ AT EUGlNE ISLAND lAo JUN I95T 
INI"UT OAT A 

A!:C TITS 

C!NTRAL PRESSURE !PO) • 21,q5 IN, HG, 

RADIUS TO MAXI~UM WIND (R) • 19 1 0 N,M, 

TRANSLATION SPEED (Vr >• IA,O KNOTI 

!OTTO~ FRICTION r&CTOR CBFF) • ,0025 

GEOGRAPHICAL LATlTUOECPHII) •· 

, •••• •••!I 

·-~ 

PERIPHERAL PRfSSURF (PN) •· 29,70 IN, HG 1 

INITIAL RISE CSE) • 11 00 FEET 

WJND STR(SS CORRECTION fACTOR C•KCOR) • 1 1 10 

TRAVERSE BEARI~G CBEAR) • S 12 1 5 W 

BOTTOM PROFILE O~ER THE CONTINENTAL SHELF 

ISKIP • 

IOMIT • 
IO"JTD • 

INPUT AND OUTPUT CONTROL 
~·---~---~-~------·-···· 

DtsTANCt FROM 
SHORE" (~ 1 M,) 'i!O,oo 

eo,oo 
TO,oo 
60,00 
so.oo 
IIOoOO 
Jo,oo 
20,00 
ts,oo 
10,00 
s,oo 
:s,oo 
2,oo 
1,oo 
o,oo 

DEPTH 
(FEET) 

&oo,o 
Jl'O,O 
2bO,O 
200,0 
140 1 0 

I!OoO 
50,0 
zo.o 
18,0 
15,0 
ts.o 
12,0 
to.o 
s.o 
0,0 

0 0 • All WINO FIELD DATA BE~ORE AND AFTER INTERPOLATION IS PRINTlD 
I 8 ~INC FJELD DATA USED FOR INTERPOLATION IS NOT PRINtED 
2 • All NINO FIELD DATA NOT PRJNT[D 

0 0 • OETAillD PRINTING 
0 I • S~IP DETAILED PRINTING 



Output when control parameter I0MITD 0 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Tl11E (T) • o,oo TlM!> !hD[LT) • z,oo 

wwx(I•tl WWX(ll \OIWY(l+t) ""'Y ( ll ASTRO, TID[ SPCI+tl SP( Il WIND STR!SS 
(I'!:ET) (I'Tl (I'T) PAFU11ETER 

an., ·:s11o ,11 1011.~ 1115,7 .,110 .n .:sz ,ooooot&ll 
52ft oil 1171,! tt29,3 t 0 It, 0 .,110 .:u .:sz ,00000178 
571oll 5i!ft,ft 1219,7 I 129,3 .,110 ,30 ,3t ,000001~5 
1135,) 57t,ll llSII,:S ti!l9,7 e,IIO oZfl ·• :so ,ooooouo 
U&o9 113!,3 1510,9 13511,3 •• ao oZII ,2, ,ooooot9b 
1130,11 7311," 157';,3 1510,9 •• co .2., ,ze ,00000203 
fl37oll a:so,• 11121,7 1575,3 ••"O olb ,27 ,0000020b . 

t1n.• 93T ,II JTZ7 1 ~ 11>23,., •• co o211 ,i!b ,ooooozo<~ 
tao!i,ll tl73o'l 11105,& t727 ,3 ... ao ol!5 ,zll 1 00000ZIII 
t70flo0 tllllll,ll tll52,~ teos,e. •• 40 o25 ,25 ,OOOOOi!i!t 
Zo2c,11 170'1,0 1'101,2 t852,0 •• uo o24 ,25 ,00000221> 
Z3111ol 20i!ll 1 11 t92!,tl .t '101 o2 •• uo oZII ,211 ,0000023t 
Z71tot znt,:s 1'112,'1 tns,e .,110 olll ,211 ,00000231> 
3038oll i!7ltot tiiiiO,t l'lti!,5 

!'-:) 
•• ao olll ,Zll ,ooooo2110 

0 
1;.1.? 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Tl"11!: (T) • 2o00 TIM£ CT+O!LT) • lloOO 

I'IWXCI+l) WW XC I) WWY(l+ll loiWY (I) .UTR0 1 T%0! SPCI+tl SPC Il lollND STR!SS 
"!!T) CI'Tl (I'Tl PARAHET!!:R 

112to5 11110,5 111711,0 11155,11 ,to ol\ ,]1 ,00000203 
113o.7 lli!1o5 111110,3 1471>,0 .to ollt ,]1 ,00000203 
1!'50o7 130o7 IQ'I7 ,'I · tii&O o3 ,to ell ,31 ,·oooo02o11 
877o& 850,7 t'520,11 tll'l7,5 ,to .:so ,31 ,ooooozo11 
.,&.7 1111 ,e t'l'12,3 t520,G .to .n ,:so ,ooooozo& 

IOII'Io7 '951oo7 11!117,7 !'59?,3 .to oii!ll ,2'1 ,OOOOOZO'I 
tt'58t! t011'1,7 t7o4.7 111117,7 .to o27 ,ze ,oooooztz 
tlfl7o7· 11511,! 17'15,11 17011,7 .to ti!7 ,27 100000215 
1117ii! ,I! 1)97 17 !8.57,fl t7'1'.i,a ,to .u ,21 ,00000220 
'""~·3 !1172,8 !&&lot te'J7 ,9 .to oi!ll ·"" ,000002211 
2]44,'1 !99&,3 111511,5 t88 1 ol .to o2!> ,211 ,oooooZJt 
27!'5o'5 2'!1111,'1 17113,11 !858,5 .to o21t ,211 ,ooooOZ35 
30'Illo4 Z7t5,5 tltll5,] 1781,11 .to o2! ,211 ,oo.ooozn 
l3ZIIo0 ]0'111, II 1377,7 !U5o:S .to .zs ,z! ,ooooozal 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 



Output when control parameter I0MIT = 0 
OUTPUT OAU 

'IRIT THREE LETT!RS 0' HURRICANE NAH! ( ITYP() AUO ... 
C!NT~&L PRESSURE _CPO) • 21,9!1 IN, HO, P!RIPHfRAL PRfSSURt: CPN) • n,TO IN, HOt 

~&DIU& TD H&XIHUH WINO (R) a 19,0 N1 M1 HAXIMUH lo!JND (WX) a 9!1,0 Hl/H~ 1 

TRANSLATION SPEED (VI' )a 14o0 KNOTS INITIAL RUE CSE) • 1,00 n:n 
SOT~OH '~ICTION I"ACTDR CB,I") • ,002!1 WIND STRESS CORRECTION I"ACTOR (IIKCOFI) • 1ot 0 
G!OOR&,HICAL LATITUD!(PHII) • 29,]0 TR&V!RU: B!&~INO (S!AR) • I 12 1 !1 w 

TIHE (T) • o,oo UHf (T+D!L T) • z.oo 

OUT, DEPT!< 0 AVO, PRES,RISE &STRO,TlDE' INITIAL Y•~LUX ONSHORE ALONGSHOR! TOTAL WIND TOTA.L 
(NH) CI'T,HLW) CI"T,MLwl en, ,,r, LlVELC'Tlt C'Y*I'TIS!Cl SETUP (P'T) S!TUP (FT) SETUP CP'Tl SURGE CH) 

~ 
0 90,0 •oo,o ~ 

11110 0 0 t32 •,110 loOO l!l~ll ,001 ,001 • 0111 ,911 
eo,o :szo.o 

29o,o .sz •,ao 1,oo :52,11 oOi!O ,022 oOIIl . '"' 10o0 2e.ooo 
230o0 o!l •,110 t.oo '57 0 0 ,OliO oOIIII ,0811 ,99 

60,0 ZOOoO 
170 oO elO •oliO 1.oo Ill oil o070 ,0711 elll6 loo!l 

!lo,o 140,0 
1oo,o o29 •oliO loOO 111,9 oU9 · t!OO o2119 1,!11 

40oO 110,0 
!s.a 55,0 ,2e •oliO loCO ,2!17 o2115 o'5211 1,110 

:so,o o;so,o 
511.2 :S!I,o ,27 a,ao loOO ,11511 oll78 o9112 lo8l 

ao,o 20,0 
19,0 .211 •oliO 1,oo 311oZ ,n2 · oiiOO t.nz 2 ol 'I 

1'5,0 !8,0 
.,tio 111,5 ,2!1 loOO :!12.9 loO'III o1Z'I 1,823 2,118 

IOoO 1'5,0 
s1:o 15,0 o2!1 .. ,ao t.oo 1,!88 o8'58 2,111111 :!1,2'1 

!l,o 15,0 
U,!l t211 .,110 1o00 28,'1 !,8!11 ,'112 Zo 7bl :5,111 

:s.o ti!,O 
11o0 o211 •oliO loCO 211,2 2,042 ,9H 2,981 3,82 

i,o 10oo 
1o!l ·"" •oliO loCO t7 .:s .2olo2 o'lll7 3,329 11,17 

t,o 5,0 
2,5 t211 •oliO t.oo 11,9 3o2811 ,9'15 11,281 !1,12 

OoO o,o 



Output when control parameter I{llMIT = 0 

TIME CT) • 2o00 TIM! (TtDrLT) a a,on 

OUT o DP:PTH D AVG, PR!:lloRll£ ASTFID, TJD~ I"'ITIAL hf'LUX DNSMOR!: ALO"'GliMORE TOTAL WIND TOTAL 
(NM) (~T,MLW) O'f,MLIO) (JtT) (rf) L~V~L(FT) 1 (~T•~T/SEC) SETUP I'T) S!:TUP ('f) StTUI" ('f) SURGf ('T) 

,o,o c.oo.o 
111>0,0 o31 otO loOO 63.1> ,016 ,Ot8 0 035 1,115 

80,o 12o.o z•o,o oll ,tO loOO 73.7 ,0~2 ,052 ,o•a 1,'!10 
70,0 ze.o,o 

210.0 oll ,tO 1,00 eo.:s ,075 ,0'1' ,1711 1,'58 
c.o,o zoo,o 

~ 170,0 ,:so ,tO 1,00 ell,'5 ,121 o16C. ,Z87 1, ., 
0 50,0 110 ,o 
CJl 1oo,o o30 ,to loOO ''·" ,20~ ,287 . "'' t,e, 

110,0 c.o.o 
55,0 ,z, ,to loOO el.e ,368 ,Ill! II ,8!12 .!,211 

·JO, 0 50o0 
]5,0 ,z8 o!O loOO c.I>,O ,6118 o7Zl loll>' !,7'5 

zo,o 20,0 
1'1,0 oi!7 ,tO loOO 40,5 ,'IJO ,8116 loTh 3,!5 

15,0 tl! ,·o 
16,'5 oi!T ,tO loOO ]7,'1 loll II ·'75 z.ze• ,,.'5 

10,0 l'!loO 
1!1, 0 o2• ,tO loOO 37ol !,80ft l'ol 07 z,•u 11,27 

5,0 15o0 
Uo!l .u ,to loOO ]5,1 2,0110 lo160 :s,zzo 1,58 

s,o iz,o 
lloO .u .to loOO ]0,11 l!,l!ll lol87 ],1120 11,78 

z,o lOoO 
7,5 ol!!5 otO loOO i!lo5 !,1188 loZt:S ],700 !,Oft 

loO '!loO 
2,'!1 oZ!5 otO loOO lllo'l' !,'11ft loZJ7 •• 1'53 5o '!II 

o,o o,o 



Standard Program Output 

SUMMARY OF OPEN COAST STORM SURGE PROBLEM 

HURRtCAN[ AUOR!Y VERIFICATION AT EUGENE ISLAND LA 1 JUN 1'157 AEt 717S 

'IRST TMREf LETTERS OF MURRICANf NAME CITYPE) AUO 

CENTRAL PRESSURE. CPO) • ZT 1 '15 IN, MG 1 

RADIUS TO MAXIMUM ~INC (R) • 1'1 0 0 N,M 0 

TRANSLATION SPE~D CVF l• 1~ 1 0 KNOTI 

BOTTOM FRICTION 'ACTOR CBF') • ,0025 

GEOGRAPMICAL LATtTUOECPMill • u,so 

TIME . SETUP SfTUP TOT, "INC (HOURS) x.coMP, . Y~COMP 1 SETUP 
CFT, MLW) en, "L"l CFT, "LW) 

2o00 s.~~~ ·"" ~.n 
lloOO ?.,'12 loZII 11 0 15 
&oOO s,ea t ,18 5,22 e,oo lloi!!& t 0 G5 5,'70 

t.o.oo &ell Ia Gil '7,511 
12.00 11,'77 ,711 5,50 
llloOO s.so ,ss u,os 
l&oOO loll i2!i 3, :5'7 
se.oo 3,&2 .so 3, Tt zo,oo GoO 'I ,!II 11,2:S 
22,no lol!l .,oa S,tl! 
211oOO 2,(>'1 .,oe 2,21 
2&,00 t .• et .,til loll2 

PERIPHERAL PRESSURE CPN) • 2'1 1 70 IN 1 HG 1 

MAXIMUM WINO (~X) • '15,0 ~J/HR 1 

INITIAL Rll~ CS£) • 11 00 '!ET 

WIND STRESS CORRECTION FACTOR C~KtOR) • 1 1 10 

TRAVERSE BE•RING CBEAR) • S 12 1 5 W 

AST 1 TIDE INITIAL WATER PRESSURE TOTAL wATER 
LEVEL LEVEL SETUP LEVEL 

CrT, MLW)· (f"T o MLW) (FT, MLW) CFTo MLW) 

~.~o loOO ,211 5o12 
,to loOO ,25 . s.st 
,52 loOO ,n ToOl 
,S2 !tOO ,le T,lo 

•• tz loOO ,:so II,TS 
.,os loOO ,2'1 -&. TQ 

,oa loOO ,ze 5 0 l'l 
.,sa s.oo ,211 11",115 
•• so loOO .zs a, 111 

.s,&o loOO ,21 3,ea 
•!o'IO loOO ,20 i!!oiiT .s,ao loOO .u i,•n 

.,110 loOO olll 2,19 



APPENDIX A-7. OUTPUT LISTING EXAMPLES 
FOR HYPOTHETICAL HURRICANES* 

Standard Program Output 
•••••••••••••••••••••••••••••••••••••• THIS II THE e!OINNI~O 0, RUN NUMB~R I •••••••••••••••••••••••••••••••••••••• 

Output when control parameter LIST = 
Ul 

o, 000' oOI 0 ,OlO ,oso ,040 ,050 1 0b0 ,OTO ,oeo ,090 ,I 00 oliO ,uo ollO ,1'10 .uo 
olbO oiTO ,180 ol•o .zoo oliO oliO ,no ,240 oZSO ,ho ,no ,280 ,l•o ,soo ,SI o 
,szo .sso ,suo ,J'O ,no .no oS60 ,s•o ,'100 o41 0 ,uzo ,usa ,ca,.o ·"~0 1 Cib0 ·"'0 ,uao •"'0 ,500 o'IO oSlO oSlO ,sao ,550 ,,.o oSTO ,5eo •"O 1 b00 obi 0 0 bl0 oblO 
obUO ob50 ·••o obTO tt180 ,no , TOO • 710 oTlO oTlO , T~o • 750 1 h0 i7TO , Teo , T•o 
,eoo oBI 0 ,ezo ,uo t8'10 o850 1 8b0 ,ITO ,eeo ,no •' 0 ·••.o ,•zo ,•so • '1'10 ,.,o 
·••o o'TO ,•eo ,no loOOO !oOTO ••• 00 lollO lotTO loZOO t.zso loZTo loSOO t.no loiTO lo400 

lo4]0 lo4TO •• ,oo lo'lO lo570 lo600 ••• so lo6TO lo700 lo7l0 lo 770 1,eoo lo8l0 loB70 ••• oo ••• so 
•·•To loOOO ZoOJO loOTO Zol 00 ZollO Zol70 z,zso '2,350 lo450 Zo550 Zob50 lo TSO z,e5o z,•so s,oso 
],150 ],250 ,no ],450 ],.550 s,.,o s. 750 s,no J,uo 4,050 4,150 4ol50 4oS50 8o450 40 5H 4obH 
u,no 4o850 a .•so 5o050 5o !50 5i250 SoS50 5,450 5,550 s,.50 5, 750 5ol50 '5o950 boOSO .,150 •• 250 
.,S50 Oo450 •• no bob50 •.no 6o850 bo950 T 1 050 7ol50 7 oZ50 T ,150 T ,450 7i550 T ob50 T, TSO ToeSo 
T .•so Bo0 50 8ol50 e,no e,sso 8o450 8o550 e,"o e,no 8,850 8,950 q,o5o •• 150 9,250 .,150 9,450 
,,,so '•650 •• 7SO 9,850 ••• so I Oo 050 IOol50 I o,zso IOoSSO to. 450 10,550 10ob50 10.750 to ,850 10 ,•so llo 050 

llo150 llol50 lloS50 llo450 llo5SO llobSO llo T50 u,eso u,•so Uo050 1Zol50 llo250 u,no IZo450 ·u,55o u,oso 
u.,o Uo850 u.•5o Uo050 lhiSO lloZSO llol50 1),450 Uo550 Uo650 I h "0 u.eso 1 s,•so 14,050 II,UO II,UO 
14ol50 Uo8SO l1o550 18,.,0 14o750 u,8so llo950 11,050 u.uo u.zso Uol50 15,450 

Ul 

o,ooo 0 .ooo ,oo I· ,ooz ,ooz o004 ,006 ,OOio ,oo? ,ooe ,009 ,o II oOif • o ll ,ou ,o •• 
• 018 .o 18 ,ozo ' .au o024 o02T ,oze ,0]1 ,on o010 ,040 o04S ,on o048 ,o, ,oH 
.ou o06b ,on ,oeo oOBb o091 •• 02 ,1 oe oil! oi2Z ,Ub oi4S oi5Z ol61 ,Ire olee 
• 1'8 oZOT ,ZJI ,zu oZS! o2TI ,]00 ·'" ,])Q ,]5] ,sqs o418 •""' o4TI ,5U o54T 
.no oS94 oUT o6SB o681 • 702 ,7]8 ,760 ,uo o794 ,ezz ,esu ,eus ,en ·"' ,ees ,e .. •'04 •'IT ,'24 •'10 ,9]4 •'"5 ,950 ·"" ,9s9 0 9b5 otTO ,•n ,,,. ,981 ,984 
,986 o9H ,HI ,nz ,999 o99T ·"' ,992 ,989 ,984 .. ,. ·'"' ,•so ,9]8 ,•ze ·"· .•os o89Z ,eez ,812 .au .~,. ,841 ,uo ,au ,eo• ,8oo o791 ,Te5 o772 ,ru ,75. 
, T48 .n• ,nz ,rn '"' o71 0 0 T02 ,b&4 ,ou ,6QS ,ou ••IZ ·'" ,,. ,SU ,555 
,suz o531 •'t& ,soe t498 o4•o ,4eo ,4n o459. o451 ,443 ,4)a o4Z5 o41T ,409 , •oz 
.su .sa• oS17 oSTI o]65 ol58 ol51 ,]4. ,]]9 olJJ ,SZT olZI .su oSOT ,soz ,z95 
,ze• ,zea oZTT o2T4 o26& oh4 oZ5T o25! ,, .. o241 ,zse ,zso ,us ,zzo ,215 oliO 
.zoo •ZOO ol95 •l'l ol&b olftl oi7T oiT5 ol69 oi6S .... ol58 ol54 ol51 ,u8 ol44 
o140 oUT oll4 oil I oUe •IZ5 olll oiZO oll1 •II 5 oiU oil 0 ol07 •• 04 ol04 oiOZ 
o09' o096 ,ota ,ou o090 ,on ,o8o 1 08J ,oez • 081 ,oeo ,ou ,on ,on ,on ,OTI 
.au oObT .o .. o06S oOU .ou ,ou ,ObO .ooo .os• ,o, o05b ,o,. o054 ,on ,oss 
~oso .a a• ,o48 .au ,on o048 ,oaT ,045 ,on ,oQJ ,on ,oas 

xu 

o,ooo • 010 ,ozo ,oso , n4o • 050 , ObO • 070 • 060 .o.o ,I 00 oil 0 ,uo .uo ,loa •• 50 
ol60 o!TO ol80 oiH .zoo oZI 0 .zzo ,zso . ,Z40 oZ50 ,ZbO ,no ,280 ,z9o ,soo 

'" 0 • ]20 .no ohO ,]50 oSOO .no ,no ,no· o400 o410 ,420 ,4SO ,a4o ,450 1 4bO ,uTo 
,480 ,no ,sao 

'" 0 
oSZO o5SO .soo ,550 oSbO o5TO ,sao o590 o600 obiO ,•zo ,uo 

• b40 ob50 ·••o o6TO o080 o690 , TOO .710 , TZO ,no • 740 ,no oHO .no , Teo , T•o 
,eoo o&l 0 · ,ezo ,no ,a4o ,85o ,&bO ,6TO ,880 ,e•o ,•oo 

·" 0 
.•zo ,uo ,9uo ,950 

·'60 o9TO ,9&0 ,990 loOOO loOJO loOTO lolOO lollO loiTO •• zoo lollO loZ70 lolOO 1,no lol70 
••• oo loOSO 1o4TO lo500 loSJO lo5TO lobOO lo6SO lo670 •• 700 lo 7JO •• 770 t.aoo loBJO 1,870 lo900 
~o•so lotTO ZoOOO loOSO iloObO Zol40 z.z.o z,uo z,a•o z.suo Z,bOO z, T•o z,eao Zo940 s,ooo s,1ao 
s,zao SolGO s.aao s,sao lo640 So7GO So840 s,9ao a,o40 4 ol40 u,zuo Q,J40 4,440 "·~40 "•bUO U, 740 
a,aao u,•uo So040 5ol40 s,zao 5o1QO 5o4U0 s,sao 5o040 5o TaO s,e4o 5,940 •• ooo bol40 •• z.o ,,lUO 
6o4G0 bo5GO •• uo ,,,.o 6oe40 ,,,ao ToOOO 7 ol40 T o240 To laO T ,440 T ,sao 7 o640 T, 7ao T ,sao T ,940 
8, 040 a,uo a,Z40 a,S40 8o4GO ftoSOO a,uo 8,740 e,euo e,9aO •,oao '·l•o 9,2•0 9,]40 '•"•o 9,500 
t,uo '·HO ,,e4o t,9oo 10o040 IOol40 IOoZ40 10,]40 I 0 ,4oO 10 ,sao 10 ,•40 10.740 1 o ,eoo 10 .•ao u,oao llo140 

llol40 lloJGO llo440 lloS40 llo64~ llo T40 lloe40 11,940 1Zo040 IZol4n 1Zo240 u.uo lilo440 u.~•o u ... o u,T•o 
tlo840 u.••o Uo040 Uol40 llo240 u,sao 1Jo140 U,540 u,uo UoTGO 1],840 u.uo llo040 lloUO lt,zao Uol40 
lA ollO llo540 .... 40 UoTIO 14,840 llo9ao llo040 11,140 u.zoo Uol40 I 5,aao ]0,050 

vu 

o,ooo OoOOO ,oo I ,ooa .ooz • 004 ,006 ,006 ,oo? ,ooe ,oo• ,o II ,o IZ ,ou • 015 ,ol• 
o018 tOle ,ozo ,ou o024 oOZT ,oz8 ,0)1 ,on ,as• ,oao o04S ,045 ,oa8 ,055 ,oH 
,ou oOH ,on ,oeo o08b o09! oiOZ ,lOft oll5 oiZZ ·"' oi4S ol52 .... ,IT& oiBe 
ol98 oZOT ,2)1 .zu ;zse oZTI ,sao ,]15 ,na oJSS ,sn •"' e o446 •"" ,SZJ ,soT 
o5TO ,,.4 1 bS7 ,b5e obel o TOZ ,ne ,ao ,reo 'r•• ,ezz ,eJq ,e45 ,eST ,eTS ,en ,a.. ••ou ·'17 ,C)24 o'lO o9S4 ••• s ,950 ,954 ·"' ••• 5 ,97o ,912 ,.,. ,9e I ,981 
,,86 ·•e• ,'Ul ,992 ·''' ,99e ·'"' ,994 ·"' ,98ft ·'" ,9ft& ,,,. ,942 ,9i9 •"" •'OJ ,no ,eat ,eoe ,a, ,e4S ,ns ,ezz ,eu ,aoJ ,Ttl oUI ,H• oHO ,750 ,741 
,nu o7l5 ,Tj5 , TOT oTO I oUJ ... o ,ue ,uo ·•o• • 584 ,,, ,,,. ,sos ,sso ,517 
o505 ·••s ,48J ,an ,au o451 o141 ,4]1 ,azo ... , ,aoz ,nz ,]81 oS74 ,su ,nT 
ohT .ne ,,,. ,ua '"' oliO .sos ,il" ,zn .zn ,zu .z .. .zu ,259 ,il\l ,no 
ol44 oZJ7 .zz• ,u• oZI! .zu olOT ,rot .u. . ... ,U4 oi80 oiT• ol71 ohT oil I ·"· ,.,, oi4T ,,n .ue .us .u• oiU oiZO •II• oiU ,, 09 ol 06 oiOZ ,ne o0'5 
o091 ooet ,oeo ,on o079 ,on oOT~ ,orz ,o., ,065 ,ou o05t ,ose ,o,.. ,0\4 oOSl 
o050 eOCII ,045 .o~• .ou ,o,. ,0]1 ,os• ,on ,ass ,osz ,on oOll .ou ,ou ,on 
tOll oOU ,ou tOll o0!1 .o .. oOI, ,ou oO IS tOll ,ou oOII ,010 oOOI ,001 ,ou 
oOO? ,oo• oOOI ,oo• oOOJ oOOJ ,ooa ,ou ,ooa • 001 o,ooo o,ooo 

*See Appendix A·3 for definition of variables. 
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Output when control parameter LIST= 1 
YTM' 

,e•• ••IT ,930 ·'"' ,,'J£,1 ,96~ 0 9T2 ,981 ,98b •''' ·''' ,9'98 ,998 o99T •••• ·''' •''l ·••I ,•9o •• u ,,.," ,910 o9Tij ,,b, ·''I •• 50 ,'942 ,,l. ,931 ,924 ,91• 0 90T 
o900 ,895 ,8&• , e8z o81' o8TO ,eb5 ,859 ,851 t81&4 ,838 ,8H ,8ZT ,821 ,81S ,eoT 
,8oZ oT9T ,191 oT8T oT8Z oTTS 0 T69 0 TU • T58 ,,ij , T50 o Tij5 ,u• oTlij ,no oTlT 
o TZZ oTI• , Tl Z • TO! t'704 o TOO ••• lj ... , ,b8b •• ez ,u8 ,615 ,UI ,,., ,,., •'" 
,6~5 o651 ·'"'' •• 1,1) ,u• ,.,, ,uz ,u8 ,bH o6a2 ·"' ·"' ,613 obi 0 ,bOb 1 to0) 
.~,,. •"'" o59Z ,5n t!184t o5U ,580 ,,Te o5H t5Tij ,'11 ,5., .~ . ., ·''" .~u .~5· ,,. o55ij o551 ,,ij. ''"b ohl o5ijl ,539 o5l7 ,,. ,532 ,530 ,52T ,525 0 5U ·~" o51T o515 o51l ,511 o509 o50T o505 ,503 ,501 •"'' ,ijqT •"'• ·"'" •"'2 •"'' ,aet 
o48T t485 ,ijeJ o481 o4T' o4TT o4T5 oijTZ o4TO o4b8 ·"·*' ·"·" ,4b2 •"•o ,a,e o45T 
o455 ell'lS ,452 ,4'10 . '"~' •""' ,a"' •'"'" •""z t440 ·"" oUT ,4)5 o4ll ,au ,410 
,uz8 ·"2• •"l" o•Zl oUZI •"'' oGle o41b •'U5 tilt) ,411 o41 0 ,uoe o40T ... o. ,aoa 
t40] t40 l o400 • J98 o3 .. ,,.5 ,,., ,192 ,soo ,]88 ,l8T ,]85 ,J&l ,J8Z ,380 ,JT8 
,n• olT5 ,n• olTl olTZ olTO ,, .. ,)U ,,., ,,., ,)bQ olbl ,362 oHO ,,, oS5T .n• o]55 olU ,)52 ol51 ,no .s•• 0 )48 ol4T o]ij5 ,ua oJij3 ,141 ,)40 ,He oUT 
,n• ol35 olJij ,nz olll olJO ,u• ,sze olZb ,)25 ,)lij olll olZZ olZO oll9 oll T 
oll5 oJiij ol\Z olll oJI 0 .so• oJOI ,JOT ,JOb oS05 ·, )0ij olOl olOI oJOO ,Hq o291 
ol9b oZ94 ,zu .z•z oZ91 oZ90 ,ze• ,zee ol81 ,ze• ,·ze5 ,zu ,ze2 oZBI o2T9 o2Te 
oZTT o2h oZTb ,2n o?.T4 .zn .zu oZTI oZTO .2 •• ,268 olbT .z•• ,265 1 ZbQ ,zu 
oZU o2bl ,259 ,258 o256 oZ55 ,,ij ol5l ol52 oZ51 ,250 oZij9 ,2•e oZ4T 1 Z4• ,zu 
,244 o2H ,zuz oZijl oZijO ,zijo ,u• ,ne ,zn o2S• olJij o2l2 oUI oZlO ,z2• ,rze 
oZZT ollb o225 ,z2ij oZZl oZZZ olll ,zzo ,u• oZIB 1 ZI T ollb .z 15 ol\ij ,zu oZIZ 
oZII oZ I o ,zo• ,zos oZOT ozo• oZ05 ,zoij olOJ oZOZ ,Zol ,zoo ol99 0 198 oi'T ·I•• 
o\95 ol U ol9l oi•Z •1'1 o\91 0 190 ,te9 ol8e oi8T ,u• ole5 ole4 ol!l oleZ olll 
oleo oiT9 oiTe ol17 oi7T oiT6 oiTb oiH ol75 oiT4 oiTl o!TZ oiTI oiTO ,, .. ,, .. 
oUT ,,.~ ol., ,,., oiU o!U olbZ ol'l olbl olbO ,ao ,,,. ol58 ol58 ol51 ,,,. 
,155 ol5ij ·"" ,!53 o15l oi5Z oUI ,151 ,150 ol50 ,In olije oiU oi4T ,, .. oiU 
,sa a olijij old olijl olijl ol ijQ olijO ·"' ,u• olle oUT ollT ollb oiH oiJ5 olla 
o!Jij oUl olll ,uz oil I oil I oiJO ,uo oll9 oiZ8 ,ue oi2T oUT o!lb ,125 ,tn 
oiZij oiZij ,us olll olll olll oil I oil I oiZO oiZO ·"' •"' olle oiiT oi!T oil• 
·oil~ oiU ,\15 oll5 oll4 oll4 olll oiiZ oiU olll ,Ill oil! oliO oil 0 ;1o• 1 109 
oiOe ol OT o!OT oiOb ol o• ol 0~ ol Oij ,104 o!Oij oiOij ·' 0ij ol oa ol04 ol OS oiOJ oiOl 
ol Ol o!OZ ol 0 I eiOI ol 00 ,o,, ,o99 ,oqe ,o•8 ,o•1 ,o .. ,o .. ,o•~ ,o•~ o09~ ,o•• 
,o•a oo•J ,o•s ,o9l ,oqz o09Z oO'I ,091 ,o•t ,o.o ,090 ,o•o ,090 ,oe• ,on ,on 
,oee .oee ,o8T ,oe• ,oe. o085 ,on ,084 ,on oOel ,on o08J ,on ,oez ,oez ,oez 
,oez o081 ,o81 oOBI o081 ,081 ,oeo ,oeo ,oeo oOT' ,on ,on oOTB oOH ,on ,on 
,o,. oOT5 ,on ,on oOT5 oOT5 oOT5 ,on oOTa oOTij oOTa oOTJ ,on oOTZ oOTZ ,on 
oOTI · o OTI ,010 oOTO o OTO ,ob9 ,o•• ,Obe ,o•e oOU ,ou oObT ,ou oObT 0 0bb ,o .. 
,o•• oObb ,o•• oHI oOU ,on ,obij ,0.41 ,o•4 .ou ,on ,o•s ,ou oObJ ,ou ,on 
,on oOU ,ou ,ou oOU 0 ou ,ou , Obi oOU o060 ,o.o oObO ,o•o ,o•o ,o.o ,o•o 
,o•o o059 ,o,. ,on o05e 0 05e ,ou ,on ,on o05T ;on ,o5• ,on oOH o05b ,o5• 
,o,. .o,. ,o,. ,055 o055 o055 ,054 ,05ij o05ij o054 ,o5J o05! ,053 o05J ,on ,o5S 
oOH o05J ,ou • 052 o051 o050 o050 ,050 o05o o019 ,on ,o•• ,on o0ij9 ,oo8 ,ou 
oOU .on ,ou • ou ,oae oOijl ,ou 0 0ije ,o<~e 1 Qal ,ou ,oije ,oije ,oae ,oae .ou 
,oae .oae o OijT 'o04T oOijT ,oij• ,oij• o04~ o0ij5 oOij5 0 0ij5 o0ij5 o0ij5 ,045 o045 oOijij 
,ou o044 ,ou ,ou o04l oOU ,od ,ou oOijJ • ou ,043 ,04] ,ou oOijS ,ou oOijJ 
, on oOAJ ,ou ,ouz oOijZ oOijl ,ou ,041 oOijl • 041 0 OijO oOijO 1 040 ,oijo ,040 ,on 
,on oO" ,os• 0 039 ,o, oOJ9 ,oJ• ,on ,019 oOSI ,OJ I ,oJe ,on ,ose ,oJe ,ou 
,ose oOJ8 0 oJe ,ou oOJB oOJ8 ,oJe ,ne ,on oOST ,on ,oJT ,on ,os. 0 0H ,os. 
oOJ~ oOS~ ,OJb 0 0lb o OJ~ oOJ• 'OJ• ,olb oOSb .OJ. ,os. ,os. oOJ5 o0l5 ,on ,on 
,ol5 oOJ5 1 035 ,on • 035 oOJ5 ,o35 ,on ,035 oOS5 ,035 oOSij ,oJij oOSij .n• ,oJij 
o0Jij oOSij ,OJij o0Jij oOJG o0Jij • 034 ,034 ,QJij oOJ4 ,on oOlJ ,oSJ tOll ,on oOJl 
,on oOll ,on ,on oOJZ oOJZ ,ou 0 032 oOll oOSI ,OJ I oOll ,oJI oOl! oOJO ,oJo 
oOlO oOlO ,OJO ,oso oOlO oOlO ,oJo 0 0JO ,on ,oz• ,OZ9 ,oz. ,029 ,oze ,oze ,oz8 
,oze ,oze ,oze ,oze , oz8 ,oze ,oze ,oze ,oil oOlB ,oze ,oz8 0 0Z1 oOZT ,on oOZT 
oOZT oOZT oOZT oOlT oOZT ,on , oZT ,on ,oZT oOZT 0 0ZT oOlT oOZT oOZT 0 021 o oZT 
,oz• oOlb ,o,. oOZ5 oOZ5 oOZ5 oOZ4 ,024 ,ou o0Zij 0 0Z4 oOZij oOZ4 oOZJ ,on ,ozJ 
oOlZ oOlZ ,ozz ,ozz oOZZ ,ozz ,ozz ,ozz oOZZ ,ozz ,ozz ,ozz ,ozz oOZZ ,ozz ,ozz 
,ozz oOll .ozz oOZZ oOZZ ,on ,ozz ,ozz ,ozz ,ozz ,on ,ozz ,ozz oOZI oOZI ,ou 
oOZI o OZI oOZI oOZI oOll oOZI ,ell 0 0ll oOll oOl! oOZI oOZI ,ozo oOZo ,ozo ,ozo 
• ozo ,o I' ,o 19 ,o1• o0\8 ,ole ,ole ,0!1 oO IT oOIT ,o\T ,olb ,o1• ,os. oOib oOib 
,ou oot• ,os• ,ou oOI~ ,015 ,o ,, ,ou ,ou oOI 5 ,ou o015 ·,ou o015 ,ou o015 
o015 oO I 5 ,o ,, o015 oO 15 o015 ,o 15 ,015 oOII oO I ij o014 ,ou. 1 014 oOU ,osa oOI4 
oOI ij oO I ij • 014 oO!l • 0 ll oO!l o Oil ,ou ,o II ooll ,o ll oOIZ ,oil oOIZ ,o ll ,ou 
oOil oOIZ oO IZ oO I il oOIZ oOil oO IZ ,ou oOil oO IZ oOIZ .o ll oDII oO II oOI\ oOII 
oOII • 010 oOIO 1 0 IO oO I 0 ,o I o ,o 10 ,010 ,o I o oOIO 1 010 ,co• ,co• o009 ,009 ,on 
,ooe ,ooe ,ooe ,oo8 ,ooe ,oo8 ,ooe ,ooe ,ooe ,ooe 0 00T oOOT oOOT oOOT oOOT ,oOI 
,ooe oooe ,ooe ,ooe oOOT oOOT ,oo1 ,OCT 0 00T oOOb ,co• ,oo~ ,005 o005 0 005 , ooa 
oOOij o00ij ,004 ,004 tOOij oOOij ,co• 1 00ij ,ooa ,oo• ,OQij 1 00ij ,ooij oOGJ oOOJ ,ooJ 
1 003 • 003 ,ooJ ,ooJ oOOS oOOJ ,ooJ 0 003 oOOJ oOOl ,OOJ ,oos ,oos oOOJ oOOJ 1 OOJ 
oOOJ oOOJ 0 00 I ,ooJ oOOZ oOOil • ooz 0 001 oOOI oOOI ,cot ,001 oOOI oOOI oOO I ,oo I 
,oo I ,oo I ,oo I ,00 I oOOI ,ooo ,coo o,ooo 0 ,coo o,ooo 0 ,ooo o,ooo o, 000 0 ,coo 0 ,ooo 0 oOOO 

OoOOO 0. 000 0 ,ooo o,ooo OoOOO 0 ,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo 
0 ,ooo 0 ,ooo o.ooo 0 ,ooo 0 oOOO 0 oOOO n ,ooo 0 ,ooo o, 000 OoOOO o,ooo o,ooo 0 ,ooo o,ooo o,ooo o,ooo 
o,ooo 0 oOOO OoOOO o,ooo o, 000 0 oOOO 0 ,ooo . o,ooo OoOOO OoOOO o,ooo o,ooo 0 ,ooo 0 oOOO o, 000 o, 000 
o, 000 0 oOOO OoOOO 0 ,coo OoOOO 0 oOOO n,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo OoOOO o,ooo o,ooo o,ooo 
0 ,coo 0 oOOO 0. ooo o,ooo OoOOO OoOOO o.ooo o,ooo o,ooo 0 oOOO o,ooo o.ooo 0 ,ooo OoODO o,ooo o,ooo 
o,ooo 0 oOOO o,ooo o,ooo OoOOO OoOOO n, ooo o,ooo o,ooo o, ooo o,ooo o,ooo o,ooo o,ooo o,ooo 0 .coo 
o,ooo 0. ooo OoOOO 0 ,coo 0 oOOO OoOOO OoOOO 0 ,ooo o,ooo OoOOO o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo 
0 ,ooo 0 ,ooo OoOOO 0 ,ooo 0 oOOO OoOOO 0 .ooo 0 ,coo o,ooo 0 ,coo o,ooo 0 ,ooo o,ooo o,ooo OoOOO o,ooo 
o,ooo 0 oOOO ooOOO o,ooo OoOOO 0 oOOO OoOOO o,ooo o,ooo OoOoO o,ooo o,ooo o,ooo OoOOO 0 ,ooo 0 ,coo 
o,ooo OoOOO 0 ,coo OoOOO OoOOO 0 oOOO n oOOO 0 ,ooo 0 ,coo OoOOO o,ooo OoOOO OoOOO o,ooo o,ooo Oo oOO 
0 oOOO OoOOO 0 ,ooo 0 ,coo OoOOO 0 oOOO OoOOO o,ooo o,ooo 0 oOOO o,ooo OoOOO OoOOO o,ooo 0 oOOO o,ooo 
OoOOO 0 oOOO ooOOO o,ooo OoOOO 0 oOOO OoOOO o,ooo o,ooo OoOOO o,ooo OoOOO OoOOO OoOOO OoDOO o,ooo 
o,ooo o oOOO ooOOO OoOOO OoOOO OoOOO OoOOO o, eoo o, 000 o, 000 o,ooo o,ooo 0 oOOO 0 oOOO o,ooo 0 oOOO 
o,ooo OoOOO OoOOO 0 oOOO OoOOO OoOOO OoOOO . o,ooo o,ooo OoOOO 0;000 OoOOo OoOOO OoOOO o,ooo o,ooo 
o,ooo OoOOO OoOOO o,ooo OoOOO 0 oOOO OoOOO o,ooo o,ooo OoOOO o,ooo o,ooo OoOOO OoOOO 0 oOOO o,ooo 
o,ooo OoOOO 0 ,ooo o,ooo OoOOO 0 ,ooo OoOOO 0 ,ooo o,ooo o,ooo o,ooo OoOOO OoOOO OoOOo o,ooo o,ooo 
0 oOOO OoOOO OoOOO o,ooo o,ooo OoOOO OoOOO o,ooo OoOOO OoOOO o,ooo OoOOo OoOOO OoOOO OoOOO o,ooo 
o,ooo 0 oOOO OoOOO o,ooo OoOOO OoOOO OoOOO o,ooo OoOOO OooOO o,ooo OoOOO o,ooo o,ooo o,ooo o,ooo 
OoOOO OoOOO OoOOO 0 oOOO OoOOO OoOOO OoOOO o,ooo OoOOO DtOOO o,ooo o,ooo o,ooo OtOOO o,ooo o,ooo 
o,ooo OoOOO OoDOO o,ooo OoOot 
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Output when control parameter LIST 
VTM' 

,&IQlfll ,,, ' ,,so' .... ~ ,,'!4 ·'•" ·''2 ,,81 ,life .. ·''1 ·''' ·••a ·"' •••• ·''' ..... ·•·n •••o ,,81 ,l!f84 •"' ,qrz ,,,-; ·"' ·'~' •'"z ,qH ,,a, ,,,e •'IO ,,0] ,ellfa 
,eee .ees ,en ,e•o o85q ,en ,e~te ,e•u ,en ,ezt~~ ,620 ,81~ ,810 ,eos • ?95 ,rn 
oTU on? ,,., ,,., .ne . ,, ,,~, , Til ,,. .nz ,121 ·'" . "' • 110 • 105 • TOI 
•'" •••z •• aa •• n .. .,, .. ,. .. ,, ... , tHO ..,. ,b5t ..... ., .... z ,ttl I ,•Je ,oll 
••n ·•lll ,ozo ·•11 ·•I~ ••I 0 obOT ,bOQ ,,oo ,5,, ,592 ,588 ,584 o581 ·"' ,,. ,,,. o511 ,508 ,!li.ft ,,., •"I o558 ,555 ,55l ''"' ·'"' ,5~] ,,~0 ,5l8 ,,, ,sn 
,5]0 o5!T ,525 ,szz o520 e51T '"' .uz ,510 ,soT ,505 ,50] ,500 •"'8 •'"' •"''~ .... , tM8q ,ueT ·"'' eMil] .~e, oiT' ,on .~n .~n .~71 .... til ..... ,aft I ·"" •""f' 
.~58 '"'' ,415) •"" '""' .~~' •'~"' ,44) •""' .. ,, ,an .~15 ,an .~]1 ,qzq ,on 
e024 • 422 ,420 ,ate ·"" • 4115 1 1U4 ,4112 1 Q\0 1 QQ8 • 40. ,404 ,aoz .~oo ,n8 'J'• ,,,. . ,,, ,]qO ,)88 • )85 ,laS ,nl ,sao ,sa ,Jn ,]15 ·"" ,nz ,no ,lb, ,,., 
tSb5 olb] ,lol 1 lft0 ,,, ,,, ,]55 ,J5S • 351 • ]09 . ,., ,]"' • ]~S . ,., ,3410 ,lU 
,nr ,3)5 ,)J'f ,)3l .n1 .no ,JZB ,szr ,llS • ]~41 ,JZZ olll ,u• ,sse ,31b ,JU 
oll4 olU tlll ,st 0 ,]09 ,JOT , so• ,JOQ ,sos elOZ ,Joo ·''' ·''' ,,.. ·'" .z•s 
oi'l ,z•o ,zn ,ze~ ,ze• eZ85 ,zes ,zez ,zeo ,2?9 ,zn ,,,. ,zra ,us ,uz oZTI eZTO ,, .. ,z.e ,zor .2 .. ol05 .a•• ,au ,au tZbl ,z.o ,zH ,z51 ·'" ·'" ·''" el5l ,,, ,l5l ·'" eHI tZ50 •'"' ,2118 ·'"' ,za5 ,hi .z•s eZ41 ,zoo ,zn tilT .zn ol]Q ,nz ell I ,zz, olll ,ur ,zz• ,zzs ,zza ,ll] ,lll ,uo ,u• ,zu ell? 
.zu ,,,, ,uo ell l olll eZII ,zo• ,zoe ,zOT .zoo ,zo~ ,zos .zoz ,zn1 ,zoo •I" ·1'8 •I ,, .I .. 

tl '' •I" ti'Z el90 ,189 tl88 ei8T ,leo el85 ,1841 eiU ,tel ,,u 
tiel tiBO ·"' • 118 ·"" oln ·"" ,ITS tiTS ol?l ,ITl tiT I eiTO .I .. ·"' oiOB 
''"' "" oiU ,,., ,,u ''"' elbO ol59 ol '8 ol51 ·''" ,155 ol55 •"" ·"" ol5l 
ol52 •151 ,, Q' tlM8 •1•1 .,~. ol45 ,1415 ol414 oiGl ,1412 ol411 ,1410 .In ,IS& oPT .u. ol)5 .u• ollJ olll ol)l ol Sl .uo ,uq .ue ,u? olh ,us .ua oiZJ olll 
,Ill oil I ,110 ,u• ,118 tl18 ,II 1 ,II• ,115 oil A ,II A oilS ,Ill till olll oil o 
oliO •I o• oiO~ "08 ol OT ol OT ,I o• ol OS ol04 oi041 ,I Ol ol 02 ol 0 I oiOO ,100 ,o•• o098 •0" ,091 ,.o~Jo o09b ,o•• tO'" ,093 ,o•s oOH ,091 ,o•1 , oqo ,oqo ,oe' ,on ,oee .oee ,oer ,oar .oeo ,on5 ,oe5 ,oeo ,oeo ,oes ,OBI ,OBI 0 081 ,oeo ,on ,on 
,on .ore .on • 011 ,on oOTb ,or• ,on • 0?5 ,oro ,0?4 ,on ,on ,on ,011 ,oTt ,oro tOTO .o., ,o•e , ObT ,ou ,otJ• ,065 ,o•• oObi ,ou oOOJ ,ou .ou 0 001 ,ooo 
• ooo t0 59 .o~q ,o5• eOH ,ose • 05ft ,osa ,051 o05T ,05. ,050 ,oso ,055 • 0, ,o5o 
oOH • 0~1.1 ,on ,on o05l ,o, ,o5l ,051 ,051 o050 ,050 ,050 ,O'I' ,on ,01.18 ,o"e 
I OIT tOOT ,oc.• ,o"o • 0"5 ,oa' • 0'-'l 1 01HI ,01141 ,oaG 1 041&1 ,oos .ou ,oqz ,Oil~ 1 0111 
oDOI ,oao ,o~o ,os• eOJ' o0]9 ,ose ,ou ,ou oOll ,on ,osr ,os• ,oJ• ,os• ,oh 
,on tOl5 ,on ,on t0341 .ou ,on ,on ,on .on ,on ,osz ,ou .ou ,ou ,oJo ,OJO ,ol9 ,019 ,Ol9 ,o2e ,Ole ,oze ,ou ,OZT ,on ,or• ,ozo ,ozo ,oas ,Ol5 ,oh ,020 oOl41 ,oza ,on oOlJ oOH , Oll ,02l ,ozz oOll ,ou ,011 oOZI .ou ,Oll ,Oil 
oOll tOll ,ozo ,oro oOlO .ozo oOI9 ,01' ,Oil ,o II ,ou ,ou .ou ,ou • 011 , o IT 
o011 .ou ,o ,. eOib ,o lb .ot • ,015 ,ou o015 ,o 15 ,o 15 ,ou oOI' ,ou ,015 ,o'" ,o ,. tOll oOI J .o ll .ou .ou ,o IZ ,ou ,ou ,otz ,0 II ,o II oOII eO II ,O II oDII ,o II tOil ,o II ,o II oOIO oOIO ,o I 0 ,o I D ,oo• ,oo• ,001 ,one ,ooe ,ooe ,ooe • 001 , ooe .ooe ,ooe ,ooe • 008 ,ooe ,ooe ,oo8 ,oor • 001 ,OOT ,oor ,oor ,oo• ,oo• ,ooo ,ooo , oo• ,005 ,005 ,nos o005 ,oo5 ,0041 ,ooo t004 ,ooa ,004 ,oos ,oos ,001 ,oos ,DOJ ,oos ,oos ,oos ,oos ,OOJ ,ooz ,oo2 ,001 ,ooz ,OOl ,ooz ,ooz ,ooz ,ooz .ooz oOOI oOOI ,oo I ,ool oOOI oDOI ,oo I· ,001 ,DOl ,ool • ooo ,ooo • 000 o,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo D ,000 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o. 000 o,ooo 0 ,ooo o, 000 0 .ooo o,ooo 0 ,ooo 0. 000 0 ,ooo o,ooo 0 ,ooo o,ooo o,ooo o, 000 0 ,ooo o,ooo DoODO o,ooo D 0 000 o,ooo 0 oDDO 0 ,ooo 0 ,ooo o,ooo o.ooo o,ooo o,ooo o, 000 0 .ooo 0 ,ooo o,ooo o,ooo o.ooo D ,000 0 ,ooo 0 ,ooo Ot 000 0 ,ooo 0 ,ooo o,ooo o,ooo o,ooo 0 ,ooo o, 000 0 ,ooo o,ooo o.ooo o,ooo o. 000 o,ooo 0 ,ooo 0 .ooo 0 .ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo 

o.ooo 0 .ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 .ooo 0 ,ooo 0 ,ooo o,ooo o,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo o. 000 o.ooo o,ooo 0 .ooo 0 .ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 .ooo 0. 000 o, 000 o, 000 o,ooo o, 000 o,ooo OoOOO 0 .ooo e.ooo o,ooo 0 ,ooo 0 .ooo 0 ,ooo 0 ,ooo 0, 000 o.ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 0 .ooo 0 .ooo 0 ,ooo. 0 ,ooo o,ooo 0 .ooo o,ooo 0 ,ooo 0 .ooo 0 ,ooo 0 ,ooo . o,ooo 0 ,ooo 0. 000 o,ooo o,ooo 0 ,ooo 0 oOOO 0 ,ooo 0 .ooo o,ooo 0 ,ooo o.ooo 0 ,ooo o,ooo 0 ,ooo o,ooo o,ooo o,ooo o.ooo o,ooo o.ooo 0 ,ooo 0 ,ooo 0 ,ooo 0. 000 0. 000 OoOOO o. ooo o,ooo 0 ,ooo 0 .ooo 0 ,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo o,ooo o.ooo o, 000 0 ,ooo 0 .ooo 0 .ooo 0 ,ooo 0,000 o,ooo o,ooo 0 ,ooo o,ooo o,ooo o.~oo o,ooo 0 ,ooo o, ooo OoOOO o,ooo o,ooo 01000 0 ,ooo 0 ,ooo o, 000 0 ,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo 0 .ooo o, 000 0 ,ooo 0 ,ooo o, ono 0 ,ooo 0. 000 o,ooo o.ooo o,ooo 0 ,ooo 0. 000 o,ooo o, 000 0 .ooo 0 ,ooo 0 ,ooo 0 ,ooo 0. ooo o,ooo 0 .ooo 0 ,ooo o,ooo 0 .ooo 0 ,coo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo 0. ooo 0 ,ooo 0 .ooo 0 ,ooo 0 ,ooo 0. 000 o,ooo o,ooo 0 ,ooo 0 ,ooo 0 .ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo 
0 ,ooo 0 .coo 0 ,ooo 0 .ooo 0 ,ooo 0. 000 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo 0 oO DO 0 ,ooo 0 ,ooo 0 ,ooo o.ooo 0 ,ooo 0 ,ooo 0 .ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo 0 ,ooo 0 ,ooo 
o, 000 o.ooo 0. 000 0 ,ooo 0. 000 0 .ooo 0 ,ooo 0. 000 o, 000 o, 000 o,ooo 0 ,ooo o, 000 0. 000 0 ,ooo o,ooo 
0 .ooo o.ooo o,ooo o,ooo o.ooo 0 ,ooo 0 ,ooo 0. 000 o,ooo 0 .ooo o,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo 
o,ooo o.ooo 0 ,ooo 0 ,ooo o,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo 0 .ooo 0 ,ooo o,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo 
o,ooo 0 .ooo o,ooo 0 ,ooo 0 ,ooo o,ooo 0. 000 0,000 0 ,ooo 0 ,ooo 0 ,ooo o, 000 o,ooo o,ooo 0 ,ooo 0 .ooo 0 ,ooo 0 .ooo 0 ,ooo o,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo 0 ,ooo 0 .ooo 0 ,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o.ooo o,ooo o,obo o,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 
o,ooo o, 000 o,ooo o, 000 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo o, 000 o,ooo o,ooo o,ooo 0 ,ooo o ,ono o,ooo o,ooo 
o, 000 0 ,ooo o,ooo o,ooo 0. 000 0 .ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo . o.ooo o,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo 0 .ooo o,ooo o,ooo o,ooo OoOOO 0 ,ooo 0 ,ooo 0 ,ooo 0 .ooo o,ooo 0 ,ooo o, 000 o,ooo o,ooo 0 ,ooo OoOOO· OooOO o,ooo . o. eoo o,ooo 0 tOOO 0 ,ooo 0 ,ooo 0. 000 0 ,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o.ooo o,ooo o,ooo 0 ,ooo 0 .ooo o,ooo o,ooo . 0 ,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo o,ooo o,ooo 0 .ooo o,ooo o,ooo o,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo o,ooo 0 ,ooo o,ooo o,ooo o.ooo o,ooo 0 ,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo o, 000 o, 000 o,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo o, 000 o. ooo o. 000 o, 000 o, 000 0 ,ooo o. 000 0,000 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo 0 oOOO o,ooo 0 ,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo 0 .ooo 0 ,ooo 0 ,ooo 0 .ooo 0 ,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o.ooo 0 ,ooo o,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo o,ooo 0 ,ooo o,ooo o.ooo o,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo o,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo 0 ,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo 0 ,ooo o,ooo o,ooo o,ooo 0 ,ooo o,ooo o,ooo o,ooo 0 ,ooo o,ooo 0 .ooo 0 ,ooo o,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo OoOOO o,ooo o,ooo o,ooo o.ooo o,ooo o,ooo o,ooo o, 000 o,ooo o,ooo o, 000 o, 000 o,ooo o. ooo o,ooo o.ooo 0 ,ooo o,ooo 0 ,ooo o.ooo 0 ,ooo o,ooo o,ooo o,oGo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo 0 oOOO o.ooo o,ooo 0 oOOO 0 ,ooo o,ooo 0 ,ooo o,ooo o,ooo 0 ,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o.ooo 0 ,ooo 0 ,ooo o,ooo OoOOO OoOOO o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o.ooo o,ooo o.ooo o,ooo o,ooo o,ooo 0 .ooo o,ooo o,ooo. 0 ,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o,ooo o.ooo o,ooo o,ooo o,ooo 
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Output when control porometer Ll ST = 1 
~. 5.10 

IRR 

ZONt ~ PMM 5bl0 I 89b •• T 9]0 9~5 ,,. .., 9H 981 98b 991 "' 998 
ZONt ~ P•M 5bl0 z qqe '" 9Qb 9" 99] "I qsq 98& 98Z '1b 970 9b5 
ZONE ~ PMH '5f11 0 J "T 9~T q]Q ,,, 9Zb ,., 911 90Z 89b 890 ee~ en 
ZONE ~ PMM 5b 1 0 ~ en h] e" 85Z eu~ 837 8]1 8lti Blt et• 80b eoo 
ZONE ~ PMH 5• 10 5 7'5 7'0 TeJ 718 T1] HT Tbl T55 75o , .. T~l 7Jb 
ZONE 4 P•• 5b 10 • no 725 7ZI 711 Til TOT TOJ .. , b9o ••o bB' b&l 
ZONE ~ PMM 5& 10 T .,. bU bb& &60 bbO Ub •~z bu& .. , bo I UT •n 
ZONE • PMH 5b 10 e uo blb bll .. , .. , uz •o• bOb bOZ 599 "b "l 
ZONE ~ P•H Sb10 • 1n se• 58] 580 ,, 515 5TZ ,., 5b7 , .. 5&Z '" ZONE • PMH ljft 1 0 10 557 550 55Z ,~, , .. 504 541 519 5]b 513 5ll 5Z9 
ZONE ~ PMM ,&,0 II 5U 52• 5lZ 5ZO '" ,,. 5IZ 509 50T 505 50] 501 
ZONE • PMH 5bl0 ll "" ~·1 ~" .. , .. , ~n G8T ~85 ~eo uez o80 ~78 

ZONE ~ PMH 5bl0 ll ~Tb 47~ on ~TO ••8 4bb .. , ••• ~59 ~57 ~55 451 
ZONE ~ PMH 5ftt 0 I~ "'' ~·· ~·T ~·5 

~·· 
uz GUO ~J& lilT .,, QJ] 4ll 

ZONE • PMH 5• 10 15 ~]0 •z8 ~lb uz~ ~ZJ ~ZI ~I q ~IT ·~ 15 ~t] • II ~o• 
ZONE PMM !!fJ 1 0 lb ~o8 UOb •o• ~oz ~01 , .. ]98 ]9b ,,, ]OJ nz no 
ZONE PMH ,., 0 IT )89 387 ]85 J8li Jez J81 '" ,, J15 )74 HZ 370 
ZONE PMI't 56 1 0 18 Jb8 lbT H5 JU lbl lbO '" )58 ,. ]55 ,. 151 
ZONE PMH 5bl0 ,, 151 150 '"' JUT , .. , .. ,., l~l J•o ,, HT Hb 
ZONE PMt-t 5.,0 zo ])5 ll• nz Jll uo JZ9 JZ8 · sz• ll5 ]Zl JZZ JZI 
ZONE ""'"' 5 •• 0 Zl ll q Jt 8 SIT JU Jt4 ]IJ liZ lit ]09 ]08 lOb ]05 
ZONE PMH '1• 1 0 lZ JO~ lOJ JO I JOO Z98 z•r , .. Z95 z•• z•z '" Z90 
ZONE PMtot 5• 1 0 u ze• Z8e Z8T lh Z85 ze• zez ZBI Z8o n• zre ZH 
ZONE PMH 5• 1 0 '" lYb l15 ZT• zn Z71 ZTO H9 z.e ZbT Zb5 ,.. lbl 
ZONE I'IIIH '5tllt 0 Z5 Zbl lbO '" Z58 Z5T Z5b Z55 Z5~ Z5J Z5l Z51 l50 
ZON[ PM~o~ !ibtO z• z•• zue zoT lOb .Z45 ,., z~z ,., z•o ZJ& UT l,. 
ZONE I'MM 56 t 0 Z7 Z35 "" Ul lll. Zl! '" lZ& llT Zh ll5 ZZ4 lll 
ZONE PMM ,.,0 ze lll liZ lll zzo Zt 9 liT lib ll5 Ill lll lll Zl 0 
ZONE PIIIH ,., 0 " u• zoe. lOT zo• 105 10~ lOS IOZ lOt lO I zoo ,,, 
ZONE q PMI-4 5tllt0 JO 198 1'7 t9b 1'5 IH t9J '" 191 1'0 189 188 187 
ZONE PMM ,.10 ll l&b 185 180 1U IU 181 110 180 119 171 177 IH 
ZONE I'MM ,.,Q u 115 lh tn tTl 111 ITO ••• ... IU ... .., IU 
ZONE PM !of .,. I 0 H IU lbl IU lbl ho thO II' .,. 158 '" .,. 155 
ZONE PMM 5b 10 u ''" I5J 15l 151 "0 t•9 tU ... IUT lOb 1~5 IU 
ZONE JIIIIIH ,fi;,O J5 141 1~3 tU I~Z 1~1 1•0 1~0 ,,. ue UT UT u• 
ZONE JIMH ,., 0 ,. u• 115 ,,. 138 IJJ. Ill Ill Ul ISO u• u• IU 
ZO~l '"" , •• 0 J1 llT llb u• IZ' ll4 IU 111 liZ Ill Ill llO "' ZONE PMM 5bo0 l8 "' 118 118 liT liT II• II• 115 IU u• Ill IU 
10~( PMH ,. I 0 19 Ill Ill Ill no 1 o• 109 108 lOT 10? to• IH 10' 
ZONl PMM 5b 10 ~0 105 IO~ to• I OG 101 lOS 101 IOZ 101 100 100 " ZONE PMM 5bo0 ~I " •e •e 97 " 9& " 95 9ij •• 9J ., 
ZONE • PMH 5. 10 •z ., •z •• •o •o 89 89 ee ee 81 81 If 
zo•E • PMH 'J.,O ., e. ·e. .. •• h .. ., n •• ftl n· u 
10Nl • JIMH lj. 1 0 •• Bl ez 81 81 eo ?9 T' 78 ?8 T& 71 71 
ZONE • ""'" 'J•,o U5 7b ,. 75 n 75 7~ ?~ T~ 1] u u 1l 
10~E 4 PMH 56 1 0 U& " 7l 71 71 TO TO •• .. •e •e ., ., 
ZONf ~ PMM 5• 1 0 ~T " •• •• n . , b5 ., 

·~ •• • • •• ·~ ZONE ~ PMH ,., 0 ue u bJ u 6l ., bZ u .. ., bO bO 59 
ZONE • PMt-1 1Jh 1 0 "' 59 58 58 58 58 57 57 57 " 5& ,. ,. 
ZONt PMH 5b 1 0 so 55 55 ,. 51 5G 5J 53 5) 52 52 51 51 
ZONE PMM 56 10 51 51 50 50 50 50 .. "' 09 •• •• 49 18 
ZONE P•• 56 10 " Q8 ~e ~T IT ., •• •• •• •• •• u •• lONf P•M 5610 5J ~' 

., ., ., ~5 •• •• •• I] ., ll u 
ZONl PMH 56 10 5~ u 4) ., ., ., •r ., Ol •• AI 41 ~0 

ZONE '"" ,.lo 55 •o •o ~0 ,. ,. ,. ,. ,. )9 ,, ,. ,. 
ZONE PHH 5b 10 ,. se ]8 ]8 n " JT l. ,. ,. ,. ,. ,. 
ZONf PMH 56 10 IT ]6 Jb ,. J5 J5 ,. ]G ,. so ,. Sl JJ 
ZONE PMH 5& 10 58 ]J " n ll ]! JZ Jl J2 ll Sl Jl Sl 
ZONf P•M 5•1 0 " n JZ ll ]I 31 II ll II 11 Jl Jl ]I 
ZON( • P•H 56 10 •o JO 30 so 2' 29 zq Z9 l9 29 z• Z9 re 
ZO~E • PMH 'J• 1 0 bl ze ze 27 27 l7 27 Z7 l7 lT , Z1 n 
10~E ~ PMH 5• 10 •z l7 ZT l7 ZT 27 l7 l7 lT Zb z• ,. ,. 
ZONE • PMM 5b 10 u 25 lJ 25 zs 25 n l5 Z5 Zl z• 14 ll 
ZONl ~ '"" 5'10 •• u ~~ ,. ,. za lo ~~ ,. u l• l~ Z4 
ZONE • P•M 56 10 ., 

·~ l~ 21 ,. ,. zu l4 n n u Zl u 
ZONf • P'<M Sb10 •• lJ 21 u zz ll 2l 2l u Zl Zl Zl ll 
ZONE ~ PMH ,. I 0 ., ll ll ll Z2 ll ll ll ll ll ll ll ll 
ZONE • PMH 56 10 u ll u 2Z 2Z l2 Zl ll Zl Zl ll ll Zl 
ZONE • PMH ,.10 .. Zl Zl Zl Zl Zl Zl Zl 21 II Zl ll 21 
ZONf a PMM 56 10 TO Zl ll Zl 21 ll 21 lO zo zo zo zo 20 
ZONE 4 P•• 5b 10 ?I zo lO I' 19 •• ,, 19 ,. •• •• I' ,. 
ZONE a P•H Sb10 " •• 19 •• te 18 te te u 18 18 18 18 
ZONt • PMH 5610 n u 18 u 18 18 u u te 18 17 IT IT 
ZONE • PHH S610 ,. IT IT IT IT IT 17 17 IT 17 17 If 17 
lONf I PMH 56 10 75 IT IT IT IT 17 IT 17 17 " •• t• •• ZONE • PMH 5610 ,. •• u IS II 15 II II 15 15 " II II 
lONl • PHH 5bt0 71 II II II II II ta II II II •• II II 
lON[ • '"" ,.lo 

,. II II II II 10 II II II II II II II 
lONE I '"" ,.lo " II 14 II II " IJ u u IJ • tJ I) u 
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Output 'when control parameter LIST = I 
'zONf P~M 5~.o eo 13 tJ u u 13 u u u u IS ll IZ 
ZONf P~M HoD 81 u IZ IZ 12 u II II II II 10 I 0 tO 
ZONE PMM 56,0 ez IO 10 10 to 10 to 10 IQ 10 10 ~ • ZONf PMM ,,,0 8l • ~ ~ ' ' ~ ' • ~ ~ ~ ' ZONf • '"" ,.,o 84 • ' ~ ~ ' ' ~ • ' ~ ~ ~ 
ZONf • , .. ,~,o 15 ' ' I I I • I I I I T T 
ZONE 4 PMM , •• 0 h T T ' ' ' T ' ' T T ' T 
ZONf • PMH ,~,o IT ' ' T T ' T ' T ' • • • ZONt • PMM ,~. 0 ee • • • 6 • • • • ~ • 5 ' ZONE 4 , .. 56,0 19 B ' ' ' 5 5 ' 5 5 5 5 4 
ZONf • PHM 56o0 ~0 • 5 5 ' 5 I • 5 5 • • • ZONf • PMM ,.,o ~I • • • • J J J J 2 2 l 2 
ZONf • PMH 56,0 ~l 2 2 I l l I I z I 2 l 2 
ZONf • PMM 56o 0 9] l l z I l 2 il 2 z z l I 
ZONf • PMM 5~ 0 0 •• I l z l I I I z z I I I 
ZONE • P~M 5~,0 ~5 

., I I I I I I I I I I 0 
ZONE • PMM 5.,0 •• 0 0 0 0 0 0 0 0 0 0 0 0 
ZONE • PM~ 56 0 0 ,, 0 0 0 0 0 0 0 .o .0 0 0 0 
ZONf • PMH 56 o 0 91 0 0 0 0 0 0 0 0 0 0 0 0 
ZONf • PMM 56 0 0 ~~ 0 0 0 0 0 0 0 0 0 0 0 0 
ZONE 4 , .. 56 ,o I 00 0 0 0 0 0 0 0 0 0 0 0 0 
ZONE • PMH ,.,o 10 I 0 0 0 0 0 0 0 ·o 0 0 0 0 
ZONE • PMH 56,0 IOZ 0 0 0 0 0 0 0 0 0 0 0 0 
ZONt 4 PMH ,.,o I Ol 0 0 0 0 0 0 0 0 0 0 0 0 
ZONf • '"" 56,0 I 04 0 0 0 0 0 0 0 0 0 0 0 0 
ZONE 4 , .. ,.,o 105 0 0 0 0 0 0 0 0 0 0 0 0 
ZONE • PHM ,.,o to• 0 0 0 0 0 0 0 0 0 0 0 0 
ZONE 4 '"" ,.,o 1 or 0 0 0 0 0 0 0 0 0 0 0 0 
zoNt • PHM 56,0 I 01 0 0 0 0 0 0 0 0 0 0 0 0 
ZONI • '"" 5.,0 I 09 0 0 0 0 0· 0 0· 0 0 0 0 0· 
ZONE • PHH S.oO 110 0 0 0 0 0 0 0 0 0 0 0 0 
ZONE • PHH 5. 0 0 Ill 0 0 0 0 0 0 0 0 0 0 0 
ZONE • PHH 5.,0 liZ 0 0 0 0 0 0 0 0 0 0 0 
ZONE 4 '"" 56.0 IU 0 0 0 0 0 0 0 0 0 0 0 
ZONf • '"" 56.0 114 0 0 0 0 0 0 0 0 0 0 0 
ZONI .. 

'"" 56,0 115 0 0 0 0 0 0 0 0 0 0 0 
ZONE • PMM ~·,0 Ill 0 0 0 0 0 0 0 0 0 0 0 
ZONf • ,MH !Jb 10 liT 0 0 0 '0 0 0 0 0 0 0 0 
ZONl • PMM 5. 0 0 Ill 0 0 0 0 0 0 0 0 0 0 0 
ZONf • PHM ,.,0 II' 0 0 0 0 0 0 0 0 0 0 0 
ZONE • PHM ,.,0 IZO 0 0 0 0 0 0 0 0 0 0 0 
ZONf • PHM ,.,0 IZI 0 0 0 0 0 0 0 0 0 0 0 
ZONI • PHM ,.,0 Ill 0 0 0 0 0 0 0 0 

Standard Program Output 

"AOlA~ DIITANCf AT HHICM WIND VILOCITY PO" A P H,H, [QUALI 01 JTT,. 
INITU~ DIITANCl ALDNQ T"AVLRII LIN( P"DM PO!Nf OP HAK 1 WIND V(L 1 IQUALI JUol 

"ADlAL OUTANCl HUNI DUTANCt PROM CENT!" DF HU"RitANl, 
DllhNCl PROM CDAIT~INl MUNI OUTANCE PARA~L[~ TO TRAVIRil ~INl, 
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Output when control parameter KEYA 1 

Tl~E INC~[-[NT 0 0 0 HOURS 
. A • ')&,no N, ~ILtS v~ • 11.00 KNOTS WK o szo,e~o .,.,,.,H, 

lc OIIUNCE o50on N, HILH 

!RS) C•l ( THl (PRfSS) 
OUhNC£ ·~0~ RACIAL Ill IN['! ANGLE ~RnH TRAVERSr LINE PRESSURE 

ZERO VfLnC ITY lT OISTl"Ct VELOCITY COUNTERCLOCK• UE ,OS, SETUP 
fRONT 0' HURRICANE N, HILES M1 P,H 1 (OfGOt£5) flo 

N, HJLU 

n. no 31To ~q l.1 .. 107 .ze .., 
1 n ,on 11)'7,4~ hql I 07,07 ,oz 
zn .oo 15~.0~ 5tUT I O~oft5 ·"' H.oo 3•~ o1 ~ e..5~ tot..~z ... ~ 
·~ .oo 33~.zq '.e~~. 1 o•.n ··~ l§n ,I'! (I 328 ••I CJ,&17 I Obofl ·"~ bO ,00 31 ~.5. 10 .n I 05,83 ••• To, oo 30~ •• 7 IZo 30 I 05,5• o50 
"O I O('J f.JIJ~,,.. llo 71 105,22 o51 
CJIO ,oO l~ft.qb I 5o]~ 10• ,ee o51 

1 no ,oo l7°ol2 Uo81 1 o• ,52 .5~ 
II 0, 00 j'hQ,(HJ 18o7~ 1 ou. t" o56 
120 ,oo 2513. "" 20 tb~ 103,72 o50 
llo.oo 2&~CJ~,ete 22·"" I03,l7 .on 
1•o. oo 23q,qo 21.1 tbiJ I 02,79 obl 
150.00 l30o13 2btb4 I 02 ,lb ob~ 
l>o. on llO olq 28. 7~ I 0 l,&q .67 
ITo.oo l!Oob1 31 .,. I 01,06 • 70 
1~0 .oo zoo ,oe BoB 1 oo .n .n 
1•o. oo lqi,JZ 35. 7~ '90,~2 • 7. 
zoo.oo 18 lo 70 )6 ,all qe, 7& .en 
210 .oo 172ol2 41," I .7 .~5 .. , 
zzo,oo lb2o50 ""•20 qo, ft I o87 
230,00 15Joll U7t6~ qt;,bu •• z 
za('l, on IOJ oTZ 51o JO · '91.1 1 ]2 •• 7 
zso.on l)IJ ,uz 'i'lt 74 qz .•z lo 0?. 
z•n,oo 125o21 "'0 •"' CJJ,nCJ loOO 
270,00 11~·1• 65 o55 eq ,o• lol5 
z•o.no I 07 •2• 10, CJT e~. 75 loU 
z•o.oo q~ t'5U n.z• ~a .~o lolO 
30o,on qo oil. '!Ill t2t eo, 12 J,]Q 
llo,oo ez.ns Olol7 H,1q ltUfll 
lZo.oo 70o05 48e71' 72.02 lo50 
Hn.oo &1,U6 I Obo07 U,12 1 ••• 
lUO ,00 blo35 IOOoH 5t,]U lo eo 
l5o,oo 5~,]U lllo5~ ]b,lq lo eq 
lbO,OO 52o77 lll'olo Z5,H lo06 
no.oo 50,45 llloQO 1•.13 z.on 
]oo,nO 51o 05 II•• 7n z,eq z. 0~ 
lqn,oo 51on& 117 .5. l5l,•b lt~ft 
"t'IO ,00 5"·"1 ~?.Ooln )4.11.1. 38 s,e,. 
•I 0 ,oo bt ,Qe, l\ q ebiJ 3~,~2 ,4e lo70 
•zn,oo ,~ •1 q 117 .on ]43ol 0 lebl!' 
•30.0~ T~o?.l lllol• ]]1, .,. loST 
uuo ,0(1 ~2. ~q l t')'"'" B?,7b lt4.17 
·~o.oo •t.oo •e,z~ ll~. •o lol~ 
u11o,t~n qq, 1.16 •2 ol1 325, oe 1· ~· 1.11(1,C0 IO~ol6 Pb e21 1n,qe loll 
""'1'1,00 I PolO ~I o!T :\ZO ,1'16 ,,, u 
410n, O~' t 2•· \ q 7btl#ot ,, ~. 12 1.1'1~ 
~oo,no ll'l,tq 1 I ,qq liT, n I loO?. 
~ 1 o ,on lU&Ie'f] 111,81 ll ~.53 ••• 52o.oo 15• ol J ~u, 2~ liO,ZJ ,q, 
510,00 tol,ol ~1.25 313.07 • 87 
5•n,oo lB. to ~&.zn 312,05 ,e3 
5~o.on tn~.n 5Sob1 311,1] ·'" 560. oo I02oH 5lo&o 11 0,]0 • 7~ 
5To.oo ?.Olo •1 50·"" )0Q,55 .n 
s,o,oo 2llo71 •e o53 30e,e7 o70 
sqo,oo lllo•l u,,o~ ]0~,25 ob? 
ooo,oo ?.31 ole 4],q1 101 •• e •• 15 
ot n, on lUtl,«tU .u ,,,, 307,16 o6Z 
•zo. no z~o.n ]Q,e,tl l0b,b8 o60 
630,00 2bn o51 38o2Z 30b,2] ,se 
64o,oo no,,. lbo]~ l05,ftZ .5~ 
•~o.oo tt~n ,17 ]4.1 1 )" 1o~,.oa .s• 
·~~.on z•n. o 1 JZ,q. ]05,00 o51 
oTo,oo l'JIO,,.b lloll 304. 7• o51 
••o .on JO•,Tz 2"'·'' ]00,43 o50 
6•o.oo 31 •• 5. 28o02 lOU, t U .. ~ 
7oo.oo ll•·•1 lboql l0l 0 8b .u 
T!o.oo H•o35 25o5~ 303,60 ••• 
7~n.oo '"'•lU 2Ut21 l03ol6 ••• no, oo ),15'·1" 2lo0 I 303,12 ,n 
7•o.oo ., ••• 04 21·•· loz,•o .u 
74e,q3 "'··· lOoU 302,12 ·•I 

• A-ll II ALONG HU~RICAN[ IIOVfL AK!S 0~ IYMHfT~Y· 
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Output when control parameter KEY 1 
TIME INC~E-ENT 0,0 HOU~S 

R•5•,ooN, M!LU vr • n,oo KNOTS WX • 120 1 1.10 M,,,H, 
X OIITlNCE o~o, n N, MILH 

DISTANCE ,AOM RADHL •I NO ANGLE FRO• T~AVERS[ LiNE 
COAST LINE DISTANCE VfLOC!TV COUNTE~CLOCK•ISE ODS, 

No MILES N, MILES to~,P,H 1 !DECREES) 

~T.bO HOoTS ~.o~ I o•,IT 
'16,60 llloTT e, 1u lo•.~o 
~3.60 l]U, 11.1 6,]q I 06,26 
UO ,IJO 337, TO T .~~ 1 o•, 3• 
H,60 n~ •• ~ 7 oSI 106,36 
1~ • .,o· ])~ .. ~ T ·•• t Ob,Ul 
lT •• o 3U0 ob7 7 ,ljll 1 o•.~1 
3 ••• ~ ]Ut tbb 

7 '"" 
! Oft 1 Ub 

15 •• ~ ]t.~2.115 7 e]t; t OfJ, "~ 
3!,60 ]Ufri,&O ,.,,'), 1 o•,se 
lO •• o lOT ,so .. .,~ l06o,bO 
10,H lu ~,lj,_ bt51 1 o•, •1 
2' •• o ]u0,~7 btUl I 06,65 
2T ,00 351o" 

b '"" 
to•,•~ 

z •• oo H2ol0 "•12 1 o•, 71 
il5 .so l!:>il •'" b tOT too,n 
?5.~0 l5ld 3 b I 0 I 1 Ob,7U 

· Zo,50 l5ho3 lj,,., 1 o•, T5 
?.u ,00 3~···2 5, Q~ 1 Ob, 1b 
23.50 35U ••2 5.l!u lOb, TT 
n.so 355obl SoT? lOb, TO 
2!,50 15b,b0 s ••• 1 o•,ez 
20 .so 15T·~· .,.5~ t Ofh @lg 
20.00 ]ljf!. 0!' 

5 '"' lOb .~5 
to, 00 ]50, 07 SolO lOfJI,A7 
l.,oo lb1o 0~ "•P.fil 1 Ob, q41 
15,00 ]Olo03 "·"~ t o•,o., 
1 u,(lcO h•ool "·5t 1 Ob,OQ 
u.so h5o51 ". "~ lOT ,02 
I 0,00 lt17t08 3.~, I OT, 07 
~.so ]b0t47 

], '" I OT ol 0 
s.oo lTloOU ], ]It 107,!8 
],00 l1U t02 ], t" IOT.~l 
2,00 1H,ot 3oO?. I OT ,zo 
•• so 3T&oll ] • 0~ I OT ,zu 
s.•o lholO z.o~ 107 .zs 
""c l76o50 2 ·'~ I OT, ZS 
lo10 176.70 z,,, l 07 ,2b 
lo 00 lHo•O 2 ,o 1 107 .z. 

,oo 1Hono 2•'HI 1 o7 .z• 
,so 37To!O z.@e IOT,ZT 
, TO 1Ho20 z.eT IOT,lT 
•• o 3TTolO 2 .~ .. I OT ,27 
,50 lHol~ z.~~ 107,27 
,uo 177 ,~,~, 2,ea I 07,27 
,10 177·~· ZoSJ 107 ,ze 
olO lT 7. ~· z .ez toT .ze • '0 377 • Tq loS I IOT,lS 

o,oo l7T, I'Q z.,. I OT ,?8 

X Ull II lLn"G •UQ~ICA"f Unv£L ••IS OF SYau•rTAY 
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Output when control parameter KEY 1 

TI~E JNC~EHENT ,5 •ou.•s 
A • 541>,~"~0 N, •JUS v• • n.oo ~t<nTS wx • tzo,uo ,..,P,H, 

l OIST.-CE o50,75 lr4, MIL~! 

OJSTANC[ F~OH RA~IA~ wtNn A"G~[ FROM TRAVt~S£ LIN[ 
COAST ~JN[ OJST ANCE V[~OC!TY C~UNTERCLOC~•ts£ POS, 
"• HJ~[S N, H!~ES. ~,P ,M, COEGAHSI 

47 •• o lllo51 11·8• I 05,•5 
"•·•o lllo50 lloU I05,U 
4J,60 lUo46 llol" I 05,11 
•o •• o li'·•Z IOoH I 05 0 86 
]9,60 320 ••I I 0 o55 105,89 
l~ •• o 121o. 0 10tll41. I 05,91 
)1,60 122ol' to.u 105,94 
h,60 lllo11 1 o.oa 105,'7 
35,.0 ll• ,]6 I 0 oOl I 06,00 
11,60 Jl8oll q,u,q I 06 oil 
JO ,60 )29,10 ~·I~ IO•,U 
29,60 ll0o29 •• 0 t ott, t• 
ze,•o lllol8 8 ,qu I 06 0 19 
;n,oo llloH e '"' 

106,23 
26,00 lll. 85 8.5~ I 06,26 
15,50 ]JU ,)ij e,uu 100,1'7 
25,00 ))0. ~~ 8.]~ 106,21 
lu. ,ISO ll~.n 8oH 1 o•.~• 
211.00 335.~2 e,z,. I 06,11 
l],50 lholZ e ,z, I 06,32 
22,50 ll!oll 1,91 106,]5 
21,50 l]8o?9 7,tH• 106,17 
lO ,50 )J0,,211 7. flJ 1 o• .•o 
10,00 J]q,,~ 7.6~ I 06,01 
19,00 l00o71 7o5T I 06, 4] 
lb,OO ]43.73 1oll I 06,51 
15.00 l1U1,7l 7 oil I 06,53 
14 ,oo ]45. II ,,q, I 06,56 
U,50 ]Ofo20 •·8l I 06,59 
I 0,00 )UCI tfl7 *'•"t I 06,65 
e.5o 351ol5 •• zu 106oU 
5,00 150o62 s.eu 106,17 
],00 l56o60 So61 106.82 
2,00 157,59 5.5~ to•·"" t.eo 357o1& 5,-;" 106,80 
l •• o 157,98 s,u, 106.~5 
,,uo 1~8 ol6 5o05 I 06,ft5 
1,20 158 ,]8 5,ut I 06,86 
t.oo l58o58 5o26 I06,h 

,90 158,08 SoH I 06,87 
,eo 1s~ .• n 1h2U 106,87 
,10 158 .~7 5,2] I 06,87 
•• o H8,97 5o?l I 06,~7 
,50 ]59. ft1 5.zn 10•,87 
• 40 l59ol1 5ol9 I 06,88 
,]0 ]59ol7 5 ol ~ I 06,88 
,zo H9,J7 5oiT I 06,88 
oiO 159.47 5ol6 1 o•,e8 

o, oe ,~ .. ~, ~.1' IO•,n 

l AXIS II a~o•G ~URRICAN[ !SOVE~ Uti Of SY••£TRY 
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Standard Program Output 
QUlllohDoOI~E~IIDNA~ OP[N tOUT ITD~N IU~O[ 'NO~~AN 

IAN'Lt NUC~lU ,OwU ITATIDN HANPTDN BUCHtN,Ho HUNo H 'HH lolhTI IY HDH 
INPUT DATA 

C[NTNA~ 'N[SIURE !POl • 27,~2 IN, HG 1 

~ADIUI TO HUIHUM WIND I~) I· 16,0 N,H, 

T~ANI~ATIDN IPUD Cvn I JT,O ~NOTI 

HURRICANE ZDN[ IIZDN[) 

'[R I PHERAL · 'R[~SURf I pN) o SO 1 U IN 1 HC 1 

~AXIHUH WIND IWX) o UOtl HI/HN 1 

INITIAL RilE IIEI • o60 "LT 
T~AYE"Il IU"ING (BUR) • I ll t BOTTOM 'RICTION PiCTON CB") 1 ,oon 

WIND ·ITRUI EQUATION •~IL) • O,OODODUit Oo0DDODZ7~0 CloD o a,O/wiL))OOZ 

IU~G( U~Yhll II 'A~ALLtL TO ITD~H T~ACK AND liS CECH[fS ,ROM THI LIN[ 0, aTNDNOUT WINOI 

DIITANCE 'ROH 
IHOR[ CN 1 M1 ) 

Uo&D 
O&o&O "],.:l 
4Do60 
Ho60 
38o60 
Ho6D ,.,.o 
'~••o , 
J) •• o 
so •• o 
z•,•o 
l8,6D 
ZloOD 
ZboOD 
Z5o5D 
zs.oo 
Z~ o5D 
24oDJ 
u.~~ 
2Zo50 
Z lo~O 
zo.~o 
ZD, DO 
19oDO 
u.oo 
15.00 
14 ,oo 
1Zo5C 
10 ,oo 
8,50 
5 oOO 
J,oo 
2 .oo 
loBO 
lo6D 
lo4D 
loZD 
loon 
•• o 
olD 
• 70 
•• o 
olD 
oGO 
,30 
o20 
ol 0 

DoDO 

DE,TH 
IHlTI 

60D ,o 
580 ,o 
456,0 
•••• o 
"o,o uo ,D 
•sz,o •u,o 
402 1 0 
ZH 1 0 uo,o ,..,o 
sz~,o 
soo ,o 
190,0 
119,0 
'"·0 IOQ 1 0 
186,0 
167,0 
1&5,0 ' 
271,0 
296,0 
2CJU ,0 
J97 ,o sez,o 
365,D 
365,0 
ll7 ,o 
175,0 
Zu9,0 
15b·,o ,,,0. 
·" ,o 60,0 
60 ,o n,o 
41,0 n,o 
so,o ze,o 
16,0 
u,o 
u,o u,o 
10,0 
t,o 
1,0 o,o 

INPUT AND OUTPUT CONTROL 

····~···············~"·"' 
IOATA • 

IOHIT • 0 
IOHITC • 0 

KU • 

~liT • 

KUA I 

OlLTT I 

0 o WINO 'ltLD DATA INPUT IY CAROl IN tiNAL ,ORH 
• ~ WINO 'llLD OAU IN~U7 !Y CANOl AND TRANIHREO TO OIIK 

OlTAILfD PRINTIN; 
IK" DfTAILfD PRINTING 

o ~IND DATl(PROtiL[ OIIUNC[o RADIUS. WINOtAND THfTAI NOT PRINTlO 
o ~IND DATA(PNCtl~f DISTANC[t RAOIUio WINDtAND THfTA) ~RINT£0 

C4TA GENERATED IN PAOtiL NOT PAINT[O 
DATA GENERATED IN PAOnL PAINTlO 

o IU8~0UT!Nf UR•NO NOT CALLED 
o IUBROUTINf UR•NO II CALLfD 

1 SO HOUR INITIA~' CO"PUTAT!ON INTERVAL 
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Output when control parameter I OM ITO = 0 

····················~)·································································································· Tl"f ITI • o.oo T!Hf CT•OELTI • .so 

WWKII•II wwK II I w•YII•II ••YII) UTRO, TIDE SPII•II Sf> II I WIND sTREU 
IFHTI lfTI !FTI PARAMETER 

•llol •zz,e U,] 7&, 7 •• zo .n o5] ,00000110 
•1 •• 7 •it ,s 67 •• 7],] •.zo tS1 .s1 ,00000110 
•17• 7 •••• 7 bO,] 67,6 •.zo o52 .51 ,ooooo II 0 
•t 1.z •1'7,., S8,s 60,] •,20 .sz .sz ,ooooo II 0 
·1'·7 •17,2 s•.e 50,5 • ,20 .sz .sz ,00000110 
•1btl .... ., SS,I 5'6,8 •.zo .sz .sz ,00000110 
•15.8 •1 «t,2 ~J.• ~5.1 •.zo .si .sz ,oooo·ollo 
•15tJ •15, 8 51,~ "51,., •• zo .sz .sz ,00000110 •!So& •15.3 

"'· J 
51,8 •.zo oSI .~z .ooooo11o 

•llo6 •.11,1 IIZ 1 ll "'·J •• zo o51 .s1 ,00000110 '•llol •ll •• 41,0 "2·4 • ,20 o51 .51 ,00000110 
•tlt8 •12,2 3~,5 41,0 • ,20 oSI oSI ,00000110 
•llol •u,e l7 ,] 39.5 •.zo .so oSI .•• ooooo11o •1 o.s ! tt ,l ]5,. \7,] • ,z;, .~~ .so ,ooooollo 
•10o6 •lo,e 35,] 1S •• • ,20 .so .so ,00000110 •1 o,u •1 o,• 3t1 1 • 35,] •.zo .so eiSO ,ooooo11o 
•! 0.2 •10,11 n,• 34,. • ,20 .so .~o ,00000110 
•10.1) •10,2 H,3 33,, t,Ztl .~o .so ,00000110 

• 1f.8 •1 0,0 u •• 3],] •,zo .so .so ,0000~110 ••• 5 •'f,l u •• 12 •• •.zo .so .so ,00000110 ... , •IJ,5 ]0,1 li,Q • ,20 .so .so ,00000110 ••• o •••• z•.~ 10 ol • .zo .so .so ,00000110 .e. 1 ••• 0 28, T 2',1 • ,zo .so .so ,ooooo11o • .,,q •8,7 2'5,. 2&,7 ... zo ... .so .ooooo11o 
••• q . ., .. n,, 25,9 •.za .4. 

·~· 
,ooooOIIO .-. .. ., .. u.~ n.• •• zo • 4. • 49 ,00000110 

•5·' • ••• I '•~ zz.s • ,20 .n ·"' ,ooooo11o 
•5· 7 •5,, le ,7 19,5 •.zo ... • 49 ,ooooo11o .,.5 •1§,1 '"·" 18,7 •• zo o4ft ·"' ,00000110 .,.,z •U,5 ll.~ '"·· ... zo .. ~ ,4& ,00000110 
•S• J -a.z 1 o,~ u.s • ,ltl .. ~ •• e oDOOODIIO ·l·• •],] ••• 1o,e •.zo ·"' •• e ,ooooOIIO 
•lol •z.• ••• 9,4 •.za ·"' . "' ,00000110 
•Z•l .. l.l •.e. ••• •.zo '"' • 4T .00000110 
•2·1 •Z,t 6, 7 •• e •.zo ,n ·"' ,00000110 .z.o •Z,t 6,. .., •.zo oH ·"' ,ooooo11o .z.o •2,0 6,, ••• •.20 ,q? ,47 , 00000110 .z.o •2. 0 ••• .. , •.zo •"' ·"' oOOOOOIIO • z.o. .,,0 .. , ••• •• zo o47 o47 ,00000110 .z.o .z,o .. , .. ] •.zo ·"' •"' ,ooooOIIO .,,, •2,0 .. , .,]. •.zo .., ·"' ,00000110 ., .. •••• .. , .. , •,zo .. , ·"' .ooooo11o •••• ., .. .. , •• 2 • ,zo '"' •"' .ooooo11o 
•l·'· . ... •·I ••I • .zo '"' .. , ,00000110 •••• ., .. •.o •• 1 • ,zo ,q? ·"' .ooooo11o ., .. .,,, •,n •• o •.zo .. , .. , ,00000110 •••• •t •• •• o •• o •.ro ·"' ··' ,ooooo11o •••• ., .. '·' •• o •,zo · ·"' '"' ,ooooo11o 
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Output when control para meter IOMITD = 0 . ,, ............................................... ' ... ' .............. ' ..... ' .................... ' .. ' ................... 
Tl"t (T) • • ~o Tl•f IT+0£1.Tl • loOO 

••k(l+ll ••k( ll wwY(I+Il ••Y (I) ASTRO, !ID[ SP ll+!l SP(Il WIND ITNEU 
(F£[T) (FT) !FTI PARA"[HR 

.]6,5 •l7,1 uo.o I J5,0 •• zo .s~ .s• .ooooouo 
•HoT •Jt.,S II Q, • I JO ,o •• zo o55 .s• .ooooOIIO 
•llol •lJ,7 109,5 II Q,~ •.zc o55 .~5 ,00000110 
•]0.5 •Jt. I 'IOTol 109,5 • • zo .ss .~s· ,00000110 ·l'•' •l0,5 10~,~ I 07 •I • ,zo o55 .~s .ooooouo •l"·" •l'l,. I oz.~ 1 oo,e •.zo ·55 .55 .ooooo110 .ze,o •l'•" Q7 ,e 1 02,e •.zo .s• ,55 ,00000110 ·27·• -z~.o ~·.4 '' ,e • ,20 .s. '54 ,00000110 
•25. 0 •27,. 8b,5 'h•" •• zo .s• .~. ,00000110 -n.s •2'5,0 80,4 8b,5 • ,20 o51 . s• .ooooOIIO 
•?.2.7 •lJ,S '78,4 80,1.1. • ,zo .n .ss ,00000110 .zz,s •22,7 7b,11 78,1.1 • ,20 o5] ,5] .ooooouo .zo, 7 .zz.s Tl,l T•·.e • • zo .ss .~s .ooooouo 
•lOol •lO, T h.,, Tlo2 •.zo .ss ,H ,00000110 _,,,, •20 1 l b&,] .,,, •• zo o5] ,5] ,00000110 ., '·' ••••• t.7, a •e,s •• zo .ss .~J ,00000110 
•t ··" 

•1•. 7 H,5 t.7 ·" •• zo .ss ,5] ,00000110 •19.2 ., ... t15,. •tt.5 • ,lo .ss .ss ,00000110 .... ] •l•,l b'-, 0 t~s,• • ,20 .sz .5! , 00000 II 0 
., 7 ·" •119,) tt1,e hto,.o t,2(11 .sz .!'2 ,ooooo11o 
•t 7 ·" •17 •• ~··' bloO •,20 .sz ,52 ,oooo~llo 
•1f•·" •17,4 ~T ,5 59,2 • ,zo .sz .sz ,00000110 •t ,, 7 _,,,. s~.~ 57 .s • .~o .sz ,52 ,00000110 
•l •• l •lfl, T 5G 1 4t s ••• •.zo .sz .sz ,00000110 
•t" .e •lb,2 so ,n 5~ •• • ,20 oSI .~z ,ooooouo 
•1, ·" •1 u,e ue~a so,o •.20 .51 ,51 ,00000110 
·IJ·' •1"·* "''·' ue," •.zo ·51 ,51 ,oooo0110 
•IJol •1 J,tJ "" .. ~··· 

• .zo •51 ,51 ,ooooCIIO 
·II· e •I ],J 3"·" ""·· • .~o o51 ,51 ,00000110 
•t 1.2 •11,8 l7 .1 )q," • ,20 .so ,51 ,ooooouo ·•·e •1t,Z l2, .. ]7,] •.zo .so .so , ooooo II 0 ... , • q,e ]0 .I ll, • •• zo .so .so .ooooouo 
•7 •• -q,t 21,. ]0,1 •.~o .so ,so .00000110 
-7.0 •7 •• 2J,z 2],. • ,20 .so ,so ,00000110 -··· •'7,0 u •• zs.z •.zo ·50 .so • 00000110 
••• e •••• 22,5 l2 •• 

~:~~ ••• .~o ,00000110 
••• 7 -··· ll,! zz,s • •• ••• ,00000110 ·•·" .... , ll, 0 llol •.zo ... ·"' .ooooouo 
••• J ···" lO •' lloO •• zo .~Q ·"' ,00000110 ••• s .. ,, 20, Ill 20 •• •.zo . ~· ··' • 00000110 
.t~;,J •fJ,J 20, T 20 ,a •.zo . ~· ··"' ,00000110 .,.z •t.,J 20,. lo, T •.zo ... .~Q .ooooot1o • ,.z •f.l,l 20,5 lO ,. •.zo ••• ••• • 00000110 .... z ••• z zo,. lO ,5 •.zo ••• . .. .ooooouo ••• z ••• z zo,] lO .~ •.zo ... • •• ,ooooOIIO ., .. ••• z zo,z lO ,J •.zo .~. .~· .ooooouo ... , .,, t zo,z 2o,z •.zo ... .~· ,ooooOliO •••• ••• t 20,1 zo,z •.zo ... ·"' ,00000110 

.. . . .... .. .. .. .. .. .. .. .. .. . . . . .. . . . . . .. . . .. .. ... . . ' ..................................................... ' .............. 
Output when control 

~[DGRAP~ICAL LATITUDE (PHil) • 

CENTRAL PRESSURE !PO) • l?,uz IN, ~G, 

RADIUS TO HUIHUH •IND (A) • 5b.,O ~.•.• 

TRANSLATION S~EED (VF) • )7,0 KNOTS 

TRAVERSE StARIN; (bEAR) • N 75,00 • 

parameter I OMIT 0 
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OUT~UT DUA 

MURRICA~f ZO•E (llO~f) ~ 

PERIP•ERAL ~RESSURE (PN) o JO,oZ IN, "'• 

HAYI•UH WIND I•Xl • 120,0 HlfHR, 

IN!THL RISE ISE) • ;•O FEET 

60TTO• FRICTION fACTOR (BfF) • ,0025 



Output when control parameter IOMIT 0 
o,oo .~o 

OUT, OEOTH 0 AVG, P~[S,qiSE A&TRO,TIOE INITIAL Y•'LUV ONSHORE ALONGSHORE TOTAL •INC TOTAL 
IN•) "T,•L•l l'foML•l I'll C'Tl LfVELI'Tl• I'T•fTISECl SETUP I'Tl SETUP Iff) lETUP lffl SURGE I'Tl 

"·' zz~.o 
)0,6 uo.o 

u.o loo,o 

,.,, .... o 
aa,o u•,o 
lJ,, hT,O 

u,, ne,o 
zo,, , ••• o 
zo,o , .. ,o 
a•,o ,.,,o 
UoO lel,O 

". 0 ]6,. 0 

ao,o 115,0 

,,o .,6,0 

J,o 6•.o 
z.o ••• o 
a,e 60 ,o 
••• 60 ,o 

lol Gl 0 0 

1,0 ]],0 

•• ](I ,o 

•• 15,0 

·' u.o 
,1 It ,o ,, 10,0 ,, 9,0 

,, •• o 
o.o o,o 

,.o,o 
"e,o 
lSI, o 
1ze, o 
I t'oO 

126,0 

IZU 0 0 

109,0 

)II oO 

zze,o 
zu,o 
z•~.o 

llloO 

•••• o 
Zlt,, 

zer, o 
2'5,0 

]05,5 

]8',5 

l!Z,o 
zoz,, 
112.5 

n,o 
Jlo5 

u,o 
u.o 
10,5 

'·' 
•• 5 

z,o 

,,, 
o5Z 

o5Z 

o5Z 

o51 

o51 

o51 

o51 

•'I 

o50 

o50 

o50 

,,o 
o50 

,,o 
o50 

o50 

o50 

,n 

••• 
,n .. , ... 
,ae 
, ae 
.... ~ .. , .. , .. , .. , 
.. , .. , 

.. , 

.. , .. , ,., ,., 

• ,20 

• • zo 
• • zo 
•• zo 
•• zo 
•,zo 
• ,zo 
•,10 

•.zo 

o,zo 

•.zo 

•.zo 

•,zo 

•,zo 

• ,zo 
• ,;tO 

• • zo 

•,zo 

•.zo 

• • zo 

•,zo 

•,zo 
•,zo 

,60 

•• o 
,60 

•• o 
,60 

•• o 

•• o 
•• o 

•• o 

•• o 

,60 

•• o 
•• o 

•• o 
,60 

,60 

,60 

•• o 
•• o 
•• o 

•• o 
,60 

•• o 
•• o 
•• o 

•• o 
•• o 
•• o 
•• o 
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•• 
,] 

,] 

,] 

,] 

,] 

,] 

•. z 
.z 
.z 
.z 
.z 
.z 
.z 
.z 
.z 
.z 
.z 
.z 
,I 

ol 

ol 

ol 

ol 

ol 

ol 

ol 

ol 

,I 

,I 

ol 

,o 
,o 
,o 
.o 
,o 
,o 
.o 
.o 
,o 
,o 
.o 
,o 
,o 

,o 
,o 

.o 

.,coo 

.,ooo 
•• 000 

.,ooo 
•• 000 

.,ooo 

.,ooo 
• ,ooo 
•,ooo 
•• ooo 
•• ooc 
.,ooo 
.,ooo' 
... ooo 
• • ooo 
.,ooo 
.,ooo 
•• ooo 
.,ooo 
•oOO I 

.,oot 
•• 001 

• ,00.1 

•oOO I 

.,oo 1 

•,00 I 

.,oot 

•.• oo t 
•,00 I 

•• oot 
•.oot 
.,oot 
.,oot 

.,oot 
•oOO I 

•• oo 1 

• ,001 

"I (1(1\ 

•tOOl 

•• oo t 
"I (I (I 1 

.,oo l 

•oOO I 

.,oo 1 

.,oo l 
•eOO I 

•• oo 1 

,ooo 
.ooo 
.ooo 
.ooo 
.ooo 
.coo 
.ooo 
.ooo 
.ooo 
.ooo 
.ooo 
,ooo 
.ooo 
.ooo 
.ooo 
.ooo 
,ooo 
.ooo 
.ooo 
.ooo 
.ooo 
.ooo 
• 000 

.ooo 

.ooo 

.ooo 
,ooo 
• 000 

,ooo 
.ooo 
,ooo 
,ooo 
.ooo 
,ooo 
.ooo 
.ooo 
.ooo 
.ooo 
.ooo 
.ooo 
.ooo. 
.ooo 
.ooo 
.ooo 

.• ooo 
.ooo 
.ooo 
.ooo 

•,oeo 
.,ooo 
•• 000 

•,ooo 
•• ooo 
.,ooo 
.,ooo 
•• ooo 
.,ooo 
•• 000 

.,ooo 
• ,ooo 
•,ooo 
•,000 

• ,ooo 
• ,ooo 
.,ooo 
•• ooo 
•.ooo 
•• ooo 
.,ooo 
•,000 

•,000 

• ,oo 0 

.,ooo 
•,ooo 
• • ooo 
.,ooo 
.,ooo 
.,ooo 
•,ooo 
•• ooo 
•• ooo 
•,ooo 
.,ooo 
•,ooo 
.,ooo 
•,ooo 
•,000 

•oOOO 

.,ooo 
•,ooo 
•,ooo 
•,ooo 
•• ooo 
•.ooo 
•oOOO 

Jl,]] 

u.n 
I loll 

lloll 
I loll 

lloll 
u.n 
u.n 
lloll 

lloll 
tloll 

IZ,U 

tloll 

I Z, JO 

u.so 
u. ]0 

u.so 
u.so 
1z.so 
u.so 
JlolO 

IZ~l9 

u.ze 
u,ze 
u.n 
u.ze 
IZoZ1 
JZ,Z1 

ll.Z1 
u.n 
llol? 

u.u 
ll,Z1 
u,n 
ll.Z1 
ll,Z1 

tz.n 
ll.Z1 
u,zy 
llol1 

u.n 
Uolf 





Standard Program Output 

IUMHAAY O' O~EN COAST ITORH SURGE ~AOBLfM 

0 ROJECT ELEMENT 

UM~LE NUCLUR ~OW[R ITATION HAMPTON !UCHtNoHo HUAo H PHH Z•28oTI BY HOM 

TYH 0~ HURRICANE HODEl. C ITYPEI PHH 

U,aJ OHRHI 

RADJUI TO MAXIMUM WIND (R) o ,.,0 NoMo 

TRANII.ATION IPllO IV, o SToO KNOTI 

TUY[RU ,I[ARJN; (liAR) I I II 

~-· 
HURRICANE lONE C UONf) 

PERi'HfRAL PRfiiUR[ CPNI o JO,U IN, HGo 

MAXIMUM WINO (~X) I UOoM MI/HR 0 

INITIAL Rill !Ill o ,.o 'UT 

BOTTOM FRICTION PACTOR IIHI a ,oon 

WINO ITRlll lQUATION WK(LI o OoOOOOOUit OoOOODOITI' CloD • UoO/W(I.IIUI 

IURG[ TRAVIRIE II PARAI.I.lL TO ITOAH TUCK AND 115 O[GR[U PR~H THE' LJNf OP ITRON;[IT WINOI 

Tl~f anu• ItT UP TOT 0 WINO AlTo ftC[ INITIAL WAUR PRfSSURl. TOTAL WATER 
(HOUR II x.co•P, YoCOMP, I[TUP LfY[L LfYll. SETUP UYfL 

1FT ,I - IFT,I (fT ,) (FT, MLW) CFT 0 l (Hoi ('lo HI.W) 

;!0 .,oo ,oo .,oo IloilO o60 •"7 12ol7 
loOO .,oo 0 00 .,oo IloilO o•o on llol' 
lo50 •• oo oOO .,oo IloilO o•o o5il li! 0 ]2 
ZoOO .,oo oOO oOO IloilO o60 o5• IZolU 
Zo!O •• o l oOI .oo IloilO o•o o5T I lola 
JoOD ••O I 0 0 I oOO IloilO o•o ,., UoMI 
So 50 •• ot oOl o 0 I IloilO o•o o61 llo•5 
AoOO .,oz oOO ,Oil I lola o60 oU llo~O 
Ao50 •• os oo• oOS IloilO o•o on 12o,. 
SoOO .,ol ,o• o05 IloilO •• o of' lilo64 
5o 50 .,o• ol l oO' IloilO o60 ol5 lilo T• 
•ooO ••O" ,,a ol' IloilO •• o •• z u,a• 
•• ,o .,o• ,ZT oilS IloilO •• o It 0 I I l,OJ 
T oOO ••O I ,ll tl1 lloiO •• o loll .. ~.~ . 
T,so ,oT ·'" •• 1 lloZD •• o loU lloU 
•• 00 ,,. ·" loOi! IloilO •• o lolT lOot' 
1,50 ,,a lo o• loTi! IloilO o60 lo54 15'o06 
•,oo I·•• lo ]5 loll IloilO ,60 

lo '" 
l •• u 

,,,o Zo ,, ,,., 4,00 IloilO •• o lo'T IT oTT 
IOoOO s,p '•" 1,10 BolO o•o iloiT laoH 
10o50 SoU loZ• o, 75 IloilO o•o loU se,e• 
lloOO lo51 lol• l,b5 IloilO o60 ilt 2• sa,., 
lit 50 Sol 5 ,.] 4o07 IloilO •• o z,oT IT,q~ 

lltOO ,, .. o TO s,u IloilO o60 loU u.as 
u,,o loll ,.a iloil• IloilO o60 loU 15t1l 
ISo 00 loSl ,so lo•l IloilO •• o lo45 14 ,a• 
ISo'D ·" ·'' loll II ,zo o•o loU 1• oZ I 
IAoOO oTl ,oa .n IloilO ,60 lol• llo7l 
lAo 50 ,5. .,os o'S IIIlO ..o loOS lloU 
u.oo oA' .,u ,sz IloilO •• o ••• 1],08 
Uo50 ,,. •••• ,Ia IloilO o•o ,ee u,a. 
u.oo on • 1 l0 0 07 ll 0 il0 .•o ,eil lilo61 
.u.so oll .,zl .,oz IloilO •• o oh lloH 
IT ,oo ,u .,ill • ,oe ll,iiO o•o oTI Jlo4l 
lfo'o oiS .,z, •.tJ IloilO •• o ,u lilolM 
u,oo olD .,2ft ... , IloilO ,60 ,u llo21 
llo50 oOI. .,z5 .,ae IloilO •• o .~ . !loll 
l'oOO ,o• ··'' •••• IloilO •• o ,, . lloiT 
l'o'O 'e• ••l" ..... IloilO •• o ·" lilol• 
zo,oo ,OJ .,zz •••• IloilO •• o o50 li!oll 
lOo50 ,oil .,za •• u IloilO •• o ,u lloiO 
lit DO oOI •• til •olf IloilO •• o ••• lloO' 
u,,o oOI ··" . .,, IloilO •• o ... Uoo• 
u,oo oOI •oil .. ,. lloiO •• o .. , u.o • 
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APPENDIX A-8. ERROR TABLES FOR ACTUAL AND HYPOTHETICAL 
HURRICANES 

Error Actual Hurricanes 
01 The value of NM or LM has exceeded the maximum value allowable for the program. 

02 The card ID in columns 76 through 80 is incorrect. Check 10 FO.{lMAT in main 
program to make sure it reads: 10 FORMAT (8I5, 35X, A5). 

03 ID in columns 1 through 6 is incorrect. It should be DIST starting in column 1. 

04 ID in columns 1 through 6 is incorrect. It should be DEPTH starting in column 1. 

05 Wind-field data card in error. The card should be of the form: three letters of 
hurricane name in columns 1 through 3; card set number in columns 4 and 5; and 
card number in columns 7 through 10. Three letters of hurricane name should agree 
with the value of ITYPE; card set number should agree with the value of N; and card 
number should agree with the value of L. 

06 The values of ALPHA and BETA 0 read in where smaller than 0° or greater than 
360°. 

Hypothetical Hurricanes 
01 The value of NM or LM has exceeded the maximum value allowable for the program. 

02 The card ID in columns 76 through 80 is incorrect. Check 10 FORMAT in main 
program to mal<:e sure it reads: 10 FORMAT (815, 35X, A5). 

03 A hurricane zone (!ZONE) other than A, B, C, 1, 2, 3, or 4 was requested. 

04 A latitude (PHil) outside the limits of the zone was requested. 

05 ID in columns 1 through 6 is incorrect. It should be DIST starting in column 1. 

06 ID in columns 1 through 6 is incorrect. It should be DEPTH starting in column 1. 

07 Relative wind-field data card in error. The card should be of the form: ZONE in 
columns 1 through 4; hurricane zone ID in column 6; hurricane type in columns 8 

. through 10; RR in columns 11 through 15; card number right justified in columns 
16 through 20; and VX values follow in five column fields starting in column 21 and 
ending in column 80. The zone ID (ID2) on the card should agree with the zone 
(IZONE) requested. The hurricane type (ID3) on the card should agree with 
hurricane type (ITYPE) requested. The value of radius to maximum wind (RR) on 
the card should equal ±0.000005 the radius to maximum wind (R) requested. The 
card number on the card (NN) should equal the number of cards read (NC). 
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Error Hypothetical Hurricanes-Continued 
08 Both values of X andY in subroutine QUAD are zero or nearly equal to zero. Ch.eck 

the values of DIST, VF, and R for validity. 

09 None. 

10 The values of X and Y in subroutine QUAD must fall in the first, second, or fourth 
quadrant. The values of X and Y were negative. Check the values of DIST, VF, and 
R for validity. 

11 The value of TH in subroutine QUAD must fall between 115° and -65°. The value 
computed was unreasonable. 

12 The value of RHO/R in subroutine VEL is unreasonable. The value must be between 
0.84 and 29.1. Check the value of Rand RHO for validity. 

13 The value of VX defined in subroutine STRTPT is not valid. Check the relative 
wind-field data given in the main program. 

14 The zone identification defined in the main program does not match the zone 
identification in columns 6 through 10 of one of the header cards of the digitized 
(X,Y) data. Error from subroutine PROFIL. 

15 Final digitized wind-field deck was read without matching zone ID. Check input 
data. 

16 Second digitized wind-field deck was not found for zone requested. Check input 
data. 

17 The value of R on one of the header cards of the digitized (X,Y) data is 
unreasonable. The value must be between 2.0 and 80.0. Error from subroutine 
PROFIL. 

18 First deck of digitized wind-field data [R (KK)] has a larger radius than radius (RR) 
requested. First deck of digitized wind-field data must have a radius [R(KK)] less 
than or equal to radius (RR) requested. 

19 The number of digitized (X,Y) points for one of the input hurricane profiles exceeds 
750. The maximum number of points for each profile is 750. Error from subroutine 
PROFIL. 

20 The last digitized X value for one of the input profiles is less than 30. The value 
must exceed 30. Error from subroutine PROFIL. 
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Error Hypothetical Hurricanes-Continued 
21 The impossible has occurred. Execution was terminated by dropping through the 

loop at statement 40. Check the program deck for correct statement sequence or for 
missing statements prior to statement 40 in subroutine PROFIL. 

22 The end card following the digitized (X,Y) data for one of the input profiles does 
not contain periods in columns l through 80 as it should. Error from subroutine 
PROFIL. 

23 The values of X are not in an increasing order; therefore, data must be supplied in 
increasing order. Error from subroutine INTERP. 

PRECAUTIONS 

l. For detailed output listing, run the program with only one parameter set at a time; 
otherwise run will be terminated for maximum number of lines of output. 

2. When using digitized wind profile dat~ deck, the last card of the digitized data deck 
should have the word FINAL punched in columns 6 through 10. See Appendix A-6., Input 
Coding Sheet for Hypothetical Hurricanes. 

3. Other precautions and general information are given in Appendixes A-2 and A-3. 

4. It is important to fully understand the precautions and to format the data properly 
before attempting to use this program. 
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APPENDIX B. WIND FIELD AND COMPUTED HYDROGRAPHIC 
DATA OF HISTORIC HURRICANES 

The wind field data is voluminous and for this reason it has not been included in this report. 
However it can be provided to potential users upon request. A computer summary of input 
and output computer data is given in this section. The computed hydrographs of storm 
surges have been depicted graphically in Figures 39 through 71. 

APPENDIX B-l. HURRICANE OF OCTOBER 1949, FREEPORT, TEXAS 

SUM~ARV or OPE~ COAST STOR~ SURGE PROBLEM 

OCT 1'1Q9 ~URRICA~E VERIFICATIO~ AT ~QEEPnRT, TE~AS AEC b/73 
C~NTRAL PRESSURE ~ ze,us I~, ~G, PERIP~ERAL PRESSURE = 2'1,95 IN, MG, 

RADIUS TO MAXIMUM wiNO a 15oO fJ. "4' li~~I"'U" ~I'<D " ee,o MI/HR 1 

TRANSLATIO~ SPEED : 11,0 ~r.oTS I"'lTIAL I<ISf " 2,00 rEET 

BOTTOM FRICTION FACTOR ~ .0030 WI~O STRESS CORRECT!O'J FACTOR 11 I ol 0 

Cl : 203,0 cz • 101>,0 Cl : s2eo.o 

TI11E SETUP SETUP · TOT, .p.o AST 1 TIDE INITIAL ~ATEFI PRESSURE TOTAL wATER 
(HOURS) x-co~P, v-co~P, SETUP LF"VEL LEVEL SETUP LEVEL 

(fT.) en,, CFT ol CFT. MI,.Wj en,, CFT 1 ) (FT, Ml.W) 

loOO 1.12 ,uo 1,52 ,n 2o00 ,32 4o21 
2o00 1,90 ,TI 2obl ,i!4 2o00 olll s.u 
3o00 ,,c;z ,'18 ?.,so ,i!i! 2,110 ,44 Set5 
4o00 2oll8 !,OU 3,'12 ,35 2.00 .soo fle78 
5oOO 3,00 loll u,tl ,1>0 2o00 ,65 Tell> 
boOO ,,~3 .~1 IJ,6U ,95 z.oo ,89 Bo48 
7o00 3.~0 ,41 u,zt l,lli! z.oo I, 07 Bel> 'I e,oo 2,56 ,oe <',&u 1,60 2.00 I, 02 7t47 
'loOO 1.~7 •• :so ,'17 1,'10 2.oo ,82 Seb'1 

IOoOO ,1U .,u1 ,zi, .1,69 2o00 ,65 4o80 
lloOO .~5 .,51 ,3u It 741 2o00 .s:s lltbO 
12o00 ,:so -,58 •.?2 le54 z.oo ,43 3t75 
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SU~MAPy OF OP~~ COAST STORM SU~GE PPQRLE~ 

OCT 1quq ~URR!CA~E VE~!F!CAT!ON AT FPEEPQRTt TFXAS AEC b/73 
CENTRAL PR~SSUR~ • Z8,U5 1~, hG, P~R!Pi'<ERAL PPfSSU~f • 2'1,'15 IN, HG, . 

RAQ!US TO ~AX!MUM WIND • 15,0 N1 M1 '1AX!MU~ ~!NO c 68,0 ~1/MQ, 

TRANSLATION SPEED c 11,o kNOTS INITIAL RISE • 2.~o FHT 

BOTTOM ~P!CT!ON FACTOR • ,002'5 wiND STRESS COP~fCT!ON F&ClOR • I, 10 

Cl ~ 20:\,0 cz • \Ob,O C3 ,. S2ll0o0 

T!folf SETUP SETIJP TOT, i<!NO AST, TIDE !NITHL WATER pqESSUPE TOTAL WATE~ 
(HOURS) ~·CO'-'P, v-co~P, SETUP LFVEL LEVEL SETLIP LEVEL 

!FT,) (FT,) (Fl,) nT, MLl'l) HT,) nT,, (FT, HLW) 

t.oo lo\2 ,uo \,52 ,37 z,oo .32 U,i!l 
z.~o 1,qo ,72 i'ob2 ,211 z.oo .3ll 5,211 
3.00 1.sz I , 0 0 2o">2 ,Zi! 2.00 ,uu 5,18 
11,00 z.~e loll 3,'1'1 ,35 i'oOO .sz 1>,8& 
s.oo 3,oo ,,, q U,\'1 ,bO 2.00 ,b'; 7,1111 
boOO 3.~2 .~~ 11 1 71 ,'15 z,no ,ell A,SS 
7oOO 3,7'1 ,as 11,25 loll.! z,oo \o07 8,73 
e,oo 2.~b ,ll 2.~s ,,so z,oo !oOZ r,s1 
11.00 1.?7 .,27 1, no ),'10 2o00 ,S2 ~.12 

1o.oo ,711 •• u~ ,28 1,8'1 2.00 • ~5 11,82 . 
lloOO ,qs •• so ,3q ),74 2,00 .!>3 4ol>l 
\2o00 ·'" •• ~8 •.22 ,,su 2o00 ,113 1o7!> 

SUMMARY OF OPEN COAST STORM SURG~ PROBLEM 

OCT lquq H~RR!CA~S VERIFICATION AT FREEPQRT, TEXAS AEC b/73 
CENTRAL PRESSURE a ze,as IN, MG, P~RIPHfRAL PRESSURF • ?.11,'15 IN, ~G, 

RADIUS TO MAXIMUM WIND = 1s.o N•M• MAY! MUM ·•!NO II e~.o MI/Hq, 

TRA~SLATION SPEED = lloO KNOTS INITIAL RISE • 2,oo FEET 

BOTTO~ ~~!CT!ON fACTOR E .0025 •I NO STRESS CORRECTION FACTOR • t,oo 

r.s ~ 203,0 cz • 10&,0 C3 • s2eo,o 

. TIME SETUP Sf.TUP TOT, •!NO AST, T!OE INITIAL \OIAT~R PR~SSURE TOTAL wATER (HOURS) x~co~P, Y~COMP, SETUP LfVEL LEVEL SETUP LfV~L 
!H,l I~ T, l I~ T, l nr, MLI'I) HT,) (fT,) (FT, MLw) 

loOO t.n2 ,3& 1,18 ,57 z.oo ol2 a,oa 
2o00 1.73 ,bb 2 ,3'1 ,211 2,00 olA !ioOI 
loOO lo36 ,'13 2,3\ ,2.! 2o00 ,au u,'11 u.oo 2.~2 I, ou l,bb ,5~ 2,00 .52 bo~l 
s.oo 2.73 1.!2 3,AS ,bO 2o00 ,b'S 7.10 
boOO 1,uq .~u u .n .~5 2o00 ,8'1 8ol7 
7oOO 3,Ub ,al 3,'10 1,42 ?,oo lo07 8o38 
e.oo z.n .13 2oU7 J,60 z.oo lo02 7o2'1 q,oo lo\b .,23 ,'13 1,'1o z.oo ,8?. SobS 

10•00 ob1 •• uo ,27 Jo6'1 z.oo ,bS q,8o 
II• 00 .17 .,ub .l\ lo74 2oOO .53 u,se 
12·00 .33 .,53 •o20 J,!>a 2.00 .43 lo17 
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OCT 19~9 HURR!CAN~ VER!FICATIO~ AT fREEPORT, TEXAS 
CENTRAL PRESSUR~ : 28,u5 IN, HG, 

R~DIUS TO ~AXIMUM •I~D • !5,0 N,M, 

TRANSLATION SPEED : lloO K~OTS 

BOTTOM FRICTIO~ FACTOR & ,0025 

AEC b/73 
PERIPHERAL PRESSURE : 29,95 I~, HG, 

MAXIMUM ~IND z 88,0 MI/HR, 

INITIAL RISF : 2,00 fEET 

WIND STRESS CORRECTION FACTOR : ,90 

Cl : 203,0 C2 • IOb,O C3 : 52AO,O 

T!t<E SETUP 5E TUP TOT, •IND AST, TIDE INITIAL ~ATER PRESSURE TOTAL WATER 
(HOURS) X•COMP, V•CO~P, SfTUP L~VEL LEVEL SETUP LEVEL 

cn,, CFT ,) ( ~ T' l (Flo I'LW) CFT ol (FT ol CFT, HLW) 

I, 00 ,'12 ,33 1.25 ,H 2,00 ,32 3,9~ 

2.00 I,Sb ,!>0 2.tb ,i!U 2,00 ,38 4,7tl 
3o00 1.25 ,85 2,09 ,2c! 2o00 ,U4 4,75 
4,00 2,37 ,97 3,33 ,lS 2,00 ,52 b,20 
s.oo 2,U7 I • 0 u 3,51 ,bO i',oo ,b5 b,1b 
&,oo l.tb ,79 l,9U ,95 2.00 ,89 7,78 
7,00 3,!3 ,41 3,Su ,,42 2,00 I, 07 e,o.s 
e,oo 2.11 ,14 2,25 t.eo 2,00 lo02 7. 0,1 
9,00 I ,04 •,19 ,Bb 11 9u 2,00 .a?. s,5a 

1o.oo ,bO •,35 .2~ ! 1 8\1 2,00 ,bS u,7Y 
II, 00 ,&9 •,UI ,29 s,7u 2,00 .~3 ~.s~ 
12,00 ,29 •• u7 •,18 t,Su 2,00 ,U3 3,'79 

SUMMARy OF OPEN COAST STORM SURGE PROBLEM 

OCT 19U9 HURRICANt VERIFICATION AT FREEPORT, TEXAS 
CENTRAL P~ESSURt : 28,45 IN, HG, 

RADIUS TO MAXIMUM WIND • 15eO N,M, 

TRANSLATION SPttD : 11~0 KNOTS 

BOTTOM FRICTION FACTOR • ,0025 

AEC b/13 
PtRIPHERAL PR~SSURf : 29,95 I~, HG, 

MAXIMUM WIND : 88,0 MI/~R, .... 
INITI~L HISE ~ 2,00 FEET 

WINO ST~ESS ~ORN~CTIO~ FACTOR:· ,eo 
Cl : 203,0 C2 • IOb,O C3 : S280o0 

TIME SETUP SETUP TOT, •l"'D •sr, TIDE INITIAL WATtR P~ESSURF. TOTAL •ATtR 
(HOURS) X•COMP, v-co~P, SETUP LEVEL. LnEL SETUP LEVEL 

en,) (fl,) enol CFT, MLwl CFTo) en,) (FT, HL•) 

1, 00 ,82 ,29 loll ,57 2,00 .32 3,60 
2,00 1,3'1 ,53 I ,'12 ,24 2,00 .38 4 1 S!i 
3o00 loll ,77 1, as ' ,22 2,00 ,uu 4.~3 u,oo 2 ,II ,89 3,00 ,35 2,00 o52 S,B7 
5,00 2,20 ,'17 3,17 ,bO 2,00 ob5 b,ll2 
b,OO 2,82 ,73 3,55 ,9!1 2,06 ,89 r.H 
7,00 2,79 ,39 3.!8 lo~2 2,00 lo07 7ob7 
a,oo I,A8 ,14 2,03 loBO 2.00 I, 02 boB~ 
9,00 ,'13 •,15 ,76 ,,90 2.00 .82 s.so 

to.oo ,511 •,30 ,2U lo89 2o00 obS 4. 77 
II, 00 ,1->2 •,3b ,?.b t,74 2,00 .53 4e53 
12.00 ,2b .,a2 •.1b ,,54 2.oo ,43 lo82 
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APPENDIX B-1. HURRICANE OF OCTOBER 1949, GALVESTON, TEXAS 

SUMMARY OF OPEN COAST STOR~ SURGE PROBLEM 

OCT 194'1 ~URR!CA•E VERIFICATION AT GALVESTON, TEXAS AEC t>/73 
CENTRAL PRESSUR~ a 28,45 IN, HG, P~RIP~ERAL PRESSURE = 29,'15 IN, HG, 

RAOIUS TO ~AXIMU~ ~IND a 41>,0 "'·"'· MA'XIMUI' ~IND • ee,o Ml/HR, 

TRANSLATIO~ SPEED a II, o K~OT! I'IIT!AL RISE ~ 2,00 fEET 

BCTTCll' FRICTIO~ FACTOR a ,0030 •IND STRESS CORRECTION FACTOR • 1.10 

c 1 " 203,0 Ci! • 101>,0 C3 a 5280,0 

Til'~ SUUP SfTUP TOT, WIND AST, TIDE I~ITUL WATER PP.ESSUPE TOTAL WATER 
(HOURS) X•CQ"P, V•CO"P, HTUP LE'VEL LfVEL SETUP LEV£L en,> cn,l en,, (FT, MLW) en,, CFT ,) (FT, HLifl 

loOO -.37 ,3c •,01 t,i!o 2,00 o25 loUl 
2o00 •,26 ,65 ,3'1 ,87 2o00 ,2e J,Sq 
3o00 ,32 ,9.1 \,23 ol>7 2,00 ,32 4o2i! 
a,oo ,qQ I ,!3 2.12 ,ub 2o00 .~2 s,zo 
5.00 \,'19 loll 3,30 ,, lO 2,00 ,ce b,i!B 
boOO ?.,Ob j 0 U8 3,511 ,u 2o00 .n b 0 U9 
7o00 2,45 1.~7 U,\2 ,20 2,no ,79 7ol1 
~.oo 3,2,! \,b3 11,~5 IH 2o00 ,67 e, o.& q,oo 3,2!> I ,37 4,63 ,sz 2.00 ,qe e,u 

10.00 3,66 ,92 ~~.~q .77 2.no 1.0~ e,uu 
1lo00 3,5\ ,bC U,j1 1o02 ?.,oo. lol7 8,3& 
12o00 \,1>1> ,uo 2,Cb 1,19 2o00 lo2b ·&,51 
13.00 j,'lb .22 2.1 'I 1,29 2o00 lo30 bo 17 
ta.oo t.~e ,Oil \,72 1,2'1 2,00 lo29 bolO ts.oo \, 0 I .,!q .~3 1.25 2,00 t.22 So28 
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SUMMARy OF OPEN 'OAST STORM SURG~r· PROBLEM 

OCT 19/l'l HURR!CAN~ V~RIFICATION AT GALVlSTONo TlXAS 
C~NTRAL PRlSSURE • 26,aS IN, HG, 

RADIUS TO MAXIMUM •IND • ab,O N,M, 

BOTTOM F~ICTION FACTOR : ,0055 

AEC &/73 
PERIPHERAL PR~SSURE 

~~~0 a 88,0 Ml/HR, 

INITIAL yiSE : 2,00 ~EET 

~!NO STRESS CORRfCTION ~ACTOR c !,10 

Cl = 203,0 C2 II 10&,0 Cl a 52110,0 

TH•E. SfTUP S£ TUP TOT, -x~o AST, TIDE !t.ITIAl. •ATtR PRESSU~E TOTAL WATlH 
(HOURS) X•COMP, Y•C()~p, HTU~ LFVEL LEVEL SETUP LtvlL 

nr ,, en,, en,, (Flo ML~l en,, (fT,) (FTo MLw) 

I, 00 -,37 .3~ -.02 lo20 · 2,00 o25 lo43 
z.oo -.21> ,6S ,38 ,81 2,00 oi!6 lo5J 
3.00 .32 ,89 lo21 ,&7 2.00 ol2 4o20 
u,oo ,99 I ,I 0 2,08 ,4& z.no .&2 5,17 
s.oo lo'l'l I ,2& 3,?.1> ,30 2.00 ob8 &,21l 
t.,oo ?,Ob t,ac 3,48 o2c 2,00 o73 &,aj 
7.oo 2,as I ,60 4,05 ,;.>o 2,00 o7'1 7,04 
e,oo 3,;>3 \,52 4,75 .n 2.00 of!7 7,'1, 
'loOO 3.27 \,27 a,su o52 2,00 ,'18 8,04 

ICoOO 5,&1 ,es 4,'i2 .71 2.00 loOA 6,17 
II, 00 3,52 ,&0 a.t2 lo02 ;>,oo lol 1 8, ll 
12.00 \,&6 ,3b ?.oOI ltl'l 2.00 !o26 1>,47 
13.00 \,'lb ,16 2,15 1,2'1 2,00 !.3~ 1>,71 
la,oo 1.~8 ,oo !.~8 1,2'1 2,00 lo2'1 1>,2b 
ts.oo I, n I •,22 ,7Q 1,23 2.00 I .22 5,i!ll 

SUMMARY OF OPEN COAST STORM SURGE PROBLEM 

OCT !9a9 HUPQICANE vERIFICATION AT GAl.VESTONo TEXAS A.EC b/73 
CE~TRAL P~ESSU~E a 28,a5 IN, HGe PERIPHERAL PRESSURE a 2'1,'15 IN, HGt 

RADIUS TO MAXIMUM WIND • Qb,O N.M. M.XIMUM wiNO a e6,o MI/HR, 

T~ANSLAT!ON SPEED • 11,n ~NOTS INITIAl. RISE • 2,00 FEET 

BOTTOM FRICTION FACTOR • ,0035 >liND STRESS CORRECTION FACTOR a t,oo 

Cl = 203,0 C2 • 10&,0 Cl " 52~0.0 

TIHE SETUP SFTUP TOT, •I~O AST, TIDf INITIAL >lATER PRESSURE TOTAL wATER 
(HOURS) x-r.o~P, Y•COMP, SETUP LEVEL LEVEL SETUP LEVtL 

cn,l ( ~ T' l CFT ,) ( F'T' M~w) C f T, l (FT,l (F'T, MLW) 

loOO -·~" ,32 •oOI lo20 z.oo o25 3,Q3 
z.co -.~~ ,S'I ,35 ,87 2,00 o28 3,'>0 
3.00 ,(!Q .~2 loll ,b7 ?.,oo .32 4ol0 
a,oo ,qo 1.~2 lo'll ,4b 2,00 obi! 5,00 
s.oo I,~ I I ,\6 2,'l'l ,30 i!,oo ob6 5,'17 
boOO I • ~ 7 loB 3,2n ,n z.oo .73 b,! s 
7o00 2o?l \,50 3,73 ,20 z.oo .7'l bo72 
e.oo (!,<l!> t.~· ~.H ,n 2o00 ,87 7,59 
'l.oo (!,Q~ lo21 a ol q ,52 z.oo ,'18 1,b'l 

10·00 ,,JS ,Ill a, !b .77 z.oo loO!I 8oOi! 
II • 00 lo?l ,56 3,7Q !o02 z·, oo loP 7,'18 
l2o00 j,<:j ,35 t.~b lol'l 2o00 lo2b bo \2 
lloOO lo7'1 ol'~ l,<le loi''l 2o00 I, 30 boSb laoOO loSl ,oc I ,55 1,2'1 2o00 lo2'1 btll ts.oo ,<l2 - ,j8 ,1a lo23 z.oo lo22 '>ol'l 
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SUM~ARY OF OPEN COAST STO~M SURGE PROBLEM 

OCT IQGQ HURRICA~E VENIFICATIO~ AT GALVESTON, TEXAS 
CtNTRAL ~RESSURE : 2B,a5 IN, HG, 

RADIUS TO MAXIMUM wiND : Qb,O N,M, 

TRANSLATION SPEED • lloO KNOTS 

BOTTOM ~RICTtuN -fACTOR • ,0035 

AEC b/73 
PERIPHfRAL PHtSSURE : 29,95 I~, ~G, 

•IND c 88,0 MI/HR, 

INITIAL RISE a 2,00 FEET 

wiND STRESS CORRECTION FACTOR a ,qo 

C1 c 203,0 C2 • 10&,0 C3 : 5280,0 

TIME SfTUP SET LIP TOT, •lND AST, TIDE It>.ITIAL •ATER P~tSSURE TOTAL dTE~ 
(HOURS) X•CQMP, Y•CO'IP, SETUP LHtL LEVEL SETUP LEVEL 

(FT I) ( F T I) !FT ol 1FT, MLW) ( ~ T' l (F T I) ( F T, ML•l 

lo 0 0 •,30 ,2Cl -,01 1, 20 2.00 ,25 loU4 
z.oo •o21 ,sa .32 ,A7 2,00 ,28 loUT 
3,oo o2b ,7~ 1 0 01 ,1>7 2,00 ,32 a,oo 
a,oo .~1 ,Cl3 I, 7a ,ao 2,00 ,&2 a,82 
5o00 lob3 I ,08 2,72 ,30 2,00 ob8 r,,7o 
boOO 1.~9 I ,23 z,qc ,22 2.00 .73 '>,87 
7.00 2,n2 I • H 3,UI ,20 2,00 ,7<1 boaO 
a,oo Zobb I I 3& ~.02 ,B 2,00 ,87 7o22 q,oo 2obCl I ol ~ 3,ea .~2 2,00 ,98 7o3U 

IOeOO 3,03 ,77 3,80 ,77 2o00 lo 08 7ob~ 
11.00 2,<10 ,55 3,as 1,02 2,00 lo !7 1oba 
12.00 1.37 ,3a I, 71 lei 9 2,00 lo2b bolb 
13.00 leb2 ol q I,~ I I ,29 2,00 I ,JO &,39 
IUoOO 1.38 ,oa loU2 lo29 2,00 lo29 beOO 
l5o00 ,83 •t1Y ,bQ I, 2 3 2,00 loe? 5o1a 

SUMMA~Y OF OPEl< COAST STORI< SURGE PROBLEM 

OCT 1919 HURRICA>JE VERIFICAl ION AT GALVESTON, TEXAS AEC b/73 
CENTRAL PRESSURt : 28,aS IN, I'IG, PtRIPt<ERAL PRtSSURF. c 2q,95 I,.,, HG, 

RADIUS TD ~A~IHUM ~IND : Ub,O N•M• MAXI~'U~ •INrl : 61\,0 "'I/~R, 

TRA~SLAT!ON SPtED : lloO KNOTS P•ITIAL RISf = 2,00 FHT 

BOTTOM FRICTION FACTOR : .oo3s ~I"'D STRESS CORRECTION ~ACTOR s ot'O 

Cl = 203,0 C2 : IOb,O C3 • '52~0.0 

TI"'E SFTUP SfTIJP TOT, •IND AST, TIDE l~<IT I AL 'AHR PRESSURE TOTAL WATER 
I !.fOURS) x-c·Q~P, Y•CO~'P, HTUP L~VEL LEVEL SETUP LEHL 

H T' l n T,> nr,) en, MLw) c F T I) tH,) (I'T, ML•) 

loOO -.27 ,2b •oOI lolO 2.00 ,25 1,4~ 
2o00 •el'l ,a a, ,?.q ,87 2o00 .2~ 3,aa 
3o00 ,?.3 ,68 · o 'II ob1 ?oOO .3? 3,'10 a,oo o72 .~s 1,5b ,at> 2,00 .~? a,~s 
s.oo I, Ub ,9'1 ?.,au ,30 ?.oo ob8 ~.~l beOO lo'51 I, I 3 2,63 ,u ?.oOO 0 7' S,':JH 7e00 I, ~0 I ,2h ~,OH ,20 2o00 ,79 6,01> a.oo 2.~7 1,2b 3,!>a ,31 2o00 ,h7 6,8a 'loOO i' 1 UI 1,n6 3,U8 ,o;z 2.oo ,a A ,,qq 

IOoOO ?.,70 ,73 ~,U3 ,77 2 0 oo I, C• ~ 7,2'1 
II• 00 z,c;q ,'52 'ol! 1,02 ?.oOO loP 7,30 12.00 lo?2 .35 lo55 I ol q z.oo I, iib &,01 13 0 00 I, ua .20 l.~u le?9 ?,oo I .30 b. i'2 IUeOO lo23 oOb \,29 1,2'1 2o00 I ,2'1 5,87 15.00 0 7U -.11 ,oa 1.21 2o00 le2?. 5,0'1 
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APPENDIX B-2. HURRICANE CARLA, FREEPORT, TEXAS 
SUHHARV OF OPEN COAST STORM SURGE PROBLEM 

HU~RICANE CARLA VERIFICATION AT FREEPORT, TEXAS SEP 19& 1 AEC &173 
CENTRAL PRESSURE :a 27,64 IN, HGo PERIPHERAL PRESSURE • 29,92 IN, HG, 

.RADIUS TO HAXIHUH HIND • ~&.0 N,H, HAXIHUH WINO 11: 86,0 HI/HR, 

TRANSLATION SPEED • 3,0 KNOTS INITIAL RISE 2.50 FEET 

.BOTTOM FRICTION FACTOR • , 0030 WINO STRESS CORRECTION FACTO~ = 1,10 

C1 • 20J, D C2 • 106,0 C3 • 5280,0 

TIME SETUP SETUP TOT, WINO AST, TIDE INITIAL WATER PRE~SURE TOTAL WATER 
(HOURS I X·COHP, Y•COHP, SETUP LEVEL LEVEL SETUP LEV~L 

(f! ·' 
(,Y,) en.> en. •L•l (fT,) cn,l (flo HLHI 

1,00 -.o 4 ,07 • 0~ lolb 2,50 ,32 •• zz 
2,00 -,o2 ,14 ,12 lo05 z,so ,33 •• 00 
3, 00 -.o 1 ,20 ,20 ,eo 2,50 ,3 .. Jo8l 
~.oo ,01 ,2& ,27 , 7u 2 .so ,35 3o81 
s. 0 0 -. 02 ,32 • 30 • 77 2,50 .36 J,qJ 
&,00 ~.o s ,37 • 33 ,q7 2 .so ,37 4 olb 
7,0 0 -. 06 ... 2 • 34 1.~~ 2. 50 ,38 '""1 
6.0 o -.o e • 47 ,39 lo51 2,50 ,39 ~.1, 

9,00 -. 09 .53 -~~ lob7 2,50 ... o 5o 00 
10.0 0 -,10 ,59 ... 8 t.t»'l 2,50 ·"' 5o 08 
11,0 0 -.15 ,&5 ,51 lo~l 2 .so .~2 "''" 12,00 -.20 • 71 ,51 1.18 2 .so .43 "•'' 13,0 0 -,2& ,76 ,51 , 7q 2,50 o44 4oZ5 
1&t,OO' -,29 ,65 .5& ,oz 2. 50 ... & hql 
15,0 0 -,31 , 92 .&1 .17 2,50 o47 lo 75 
16,00 -,33 1, 00 ,&7 ol 0 2,50 o48 J, 75 
17,0 0 -.3& 1, 09 ,73 ,21 2 ,so .so loU 
16.00 -.36 1,16 • 60 ,4b 2,50 ... 6 Q t24 
19.0 0 -,40 1, 26 • 66 ,so 2, 50 ,53 4o70 
zo ,0 0 -,ItO 1,37 • 96 lolb 2 .so .54 5ol7 
21,00 -.39 1, 4& 1,07 lt"~ 2,50 .55 ~.bl 
22,00 -,39 1, 55 1,16 lo 72 z. 50 ,5& 5 •• 4 
23,0 0 -.37 1, &3 1,27 t,8o 2,50 .57 bot) 
2'+. 0 0 -,H 1, 71 1,37 I• 70 2,50 ,56 bol5 
25,00 -,31 1, 79 1.'+9 '•"" 2. so ,59 boO I 
26.00 -.3e 1, 67 1, 49 loiO 2,50 .&1 5. 70 
27,0 o .... 8 1, 9& 1,'+8 • 7q 2,50 ,&3 5olq 
26, DO -.sa 2, 05 1, '+7 ,bZ 2,50 .&5 5t2Q 
29,00 -.'+9 2,1& 1.&7 ,u 2,50 o&T 5o47 
30,00 -. 38 2, 28 1.90 • 78 2,50 .7 0 5o88 
J1, 00 -,23 2, 41 2,18 lo Oj 2,50 ,72 bo4l 
32,00 -.22 2, Sl 2. 31 loll 2,50 .7'+ bo87 
33,0 0 -,21 2, &2 2,41 loSb 2,50 .77 7oZ4 
J4, 00 -,21 2,&9 2,'+9 S.bq 2. so .79 7 o4b 
35,0 0 .o 3 2, 78 2, 81 lob7 2,50 ,83 7o81 
3&,00 ,36 2, 90 3,25 I •"~ 2,50 ,8 7 e, oe 
J7. 00 ,72 J, OJ 3,7& loiO 2,50 o93 e ,ze 
36,00 1,16 3,12 4.29 • 71 z.so .92 6t'IZ 
39,00 1,55 3, os it,&D ,SH 2 .so o9Z 6t40 
40,0 0 1,91 2, 86 ... 79 oZI 2,50 o91 e," 1 
.1. 00 2,00 2, 74 ... 71t .z• 2,50 ,91 8o3q 
42.00 2, 08 2, 56 ~.6S .. , 2,50 .9D 8o47 
,3, DO 2,15 2,43 •• 58 • 70 z.so ,90 6obq· 
44, DO 2,40 2, 33 ... 74 1.0~ 2,50 ,95 q,zJ 
45.0 0 2,&7 z. 22 4,69 !oH 2. so ,99 q, 78 
46.00 2,92 2, 04 ... 95 lobS 2. 50 1,0 4 10." 
47,00 2,94 1. 81 ... 7S lo 7q 2,50 1,03 IOo07 
.8. 00 2,94 1, &2 4.56 loh 2,50 1,03 q,e5 
49, DO 2,92 1, 40 4,33 1.~. z. 50 1,00 q,H 
50,00 3,0 6 1, 41 ... so lolq 2, 50 1,01 q,lq 
S1,0 0 3,2& 1, lt4 ... 70 ,81 2,511 1,02 q, 04 
52.,0 0 3,'+1 1, 46 4.89 .~7 2,so 1,0 3 e,q~ 

53,0 0 3,S3 1, 41 4,93 .~o 2,50 1,07 q,oo 
54.00 3.59 1.18 4.77 ,bO 2,50 1,13 q,oo 
55,00 3,&7 • 96 4. &5 ,81 2 .so 1,16 q,,. 
5&. 00 J,6 0 • 75 ... 55 lo OY z,so 1,Z2 q,]5 
57.00 J, 65 .51 4,J6 lol7 2 .so 1,24 ~. 117 
58,0 0 3,89 ,26 4,14 l.~q z.so 1,ze 9o51 
59,0 0 3,& 1 ,06 3,&9 lobY 2,50 1,2~ ··ll &O ,00 J,3& •,09 3, 27 lob~ 2,50 1,21 &ob4 
&1, DO 3,10 -.25 z. 54 I• •z z.so 1,16 '•'" 62,0 0 2,84 ... 41 z. '+3 lo08 z.so 1,13 7ol~ 
&3, 0 0 z.&2 -,so 2. 06 • 73 2,50 1,0 8 bolT 
6'+. 0 0 2,39 -. 69 1, 70 ,oe z,so 1,05 5o7Z 
65,00 Zo17 -,81 1, l& ,40 z ,so 1,00 5olb 
66,00 1,9& -,91 1, 04 ,4q 2 ,so ,9& Q,qq 
&7,00 1,7& -1, 00 .1& • 71 z. 50 .92 o,n 
68.00 1, 70 -1,06 ,&2 loOO 2,50 .87 5o00 
&9. 00 1.&6 .-1,16 ,so lo il z. 50 o54 5ol5 
70.00 1.59 •1,Z3 ,J& ,~. z,;o ,eo 5oZ5 
71,00 1,34 -1,29 • 05 loh z,so o75 5 .o. 
72., 00 1,10 •1, Z6 -,16 lo 79 2,50 ,72 ~.es 
73,00 ,90 -1,21 -,32 lob4 2 .so .~a 4o50 
74,00 o71 -1,15 -.44 loll 2,50 o66 4o04 
75,00 ,55 -1,10 -.ss •'l z,so .6~ Jot I 
7&,00 ,43 -1, OJ -.~o ·" z,so .~2 loll 
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SUMMARY OF OPEN COAST STORM S,URGf PR08L~M 

HURRICANE CARLA Vt.Rir!CATION AT FHEtPORTo TtXAS 
Ct.NTRA.L PHt.5SURf. • i:!7 1 6LI lN, HG 1 

RADIUS TO M&XlMLH4 WINO • ub,O N,M, 

TRANSLATION SPHO • 3,~ KNOTS 

ROTTOM rRICT!ON FACTOR • 0 0Q50 

HP 1901 HC o/73 
Pt.RIPHEHAL PR(SSUHF' • ,2q,q2 1111, HG, 

MAXlf4lJM 

INITIAL RISf • 2,50 HtT 

WINO STRESS CORRECTION FACTOR • 1,10 

Cl • ?01,0 C2 • !Ob 0 0 C3 0 52Mo0 

T !Mt SF.TIJP HTUP TOT I ~'~ ~ '<D AST 1 TIOf INITIAL WATER PRt SSURE TOTAL •• HR 
(HOURS) X~COMP,. Y•COMP, HTUP LFVEL LnEL SETUP LEHL 

CFT,l CFT,) CFTol en, •LW) en,, lfTtl (FT, Ml,.llt) 

t• on •, n" • 01 • 04 loh ?.,~o ,l?. ... zz 
t»,OI) •• 02 . , " ol2 s.o~ >.~o ,)l ),CJq 
3, no • ,n 1 ,zo o19 .~o ?,r;o • 3• l,e, 
1.1, on ,n I .?~ ·, ?b • 70 ? ,5o .3~ ],81 
s. on •,n2 • 30 ,z9 ,71 z.so • 30 J,9, 
beOO •, n~ • 3~ 'll ,97 z,so ,37 a.tu 
7 .oo • ,I'IH • •o • 32 t.l~ 2 ,!:10 dA "·"' R .on • ,ntl ... .n ,,s, 2 ,'30 .:Jq "· 75 q I 00 ., nQ • •6 ,19 ,.~7 ~ .~o • •o 4,Cfb 

10 .oo .. ,, 0 .~3 .. , lt~9 2.5n .. , ,, OJ 
t I tOO .. ~~ .~a ••• It 51 z.so •• ? .Q, 87 
t ?.. on •,?0 ,03 •• 3 ,,,~ 2.so •• 3 1Q,5Q 
t ltOO •,20 ,•a ,uz • 79 2e'l0 ••• Qol5 
Hh 00 .,;tq ·'"· •• 5 ,QZ tt.'ln ••• Jo&2 , r,, 00 .,·H • 79 ·•e ol7 z, ~0 ·,u? '• •z t b,oo •.3.! ••• ,sz .so z.so . ·~ lobi 
l7o00 •tlb ,9~ ,•n ,z I z.so ,so s,n 1 R,oo "'• 'H t ,oo ,b?. ,.b ?oSO ,uA '~ .o~ 
1·•· 0 0 •• uo t. 07 •• 7 ,eo z,so ,5] o,5o 
20 ,oo ... uo t. ,s ,75 1olb ?. .so .s • Uo95 
2 t ,no ... 'q t ,21 ,S2 lt"CJ ?.50 .~5 5, Jb 
2?. 00 "'. ]9 h?.t\ ••• lo1l ?.,so .~ . 5 1 bT 
23o on .,:H t.l• ,97 ,,eo ;:-,ISO ,sr ,,8~ zu, 00 .. , 'u t.uo t,Ob ,, 70 2o50 o5R 5,&) 
25o 00 •• '1 t 1 Ub I ol5 It" .. z.so .~. 5,bll 
?.b,OO .,]8 , ,52 t. t u loiO z.~o •• 1 5, 35 
27.00 .. ,l.IB lo ~8 1ol 0 • 79 2.50 •• 1 ~.oz ze, on .,"iQ t.b~ t. 07 ,bl ?.,c;o .. ~ "·"" z•. oo .,uq I • Tl.l t. ?') ,u 2o50 ,b7 5 eOb 
10 .oo •,1f' t.~u ltl.lb • 7~ 2.50 • 70 5e4l 
Jt, on •,21 ,,Q4 1. 71 j,Ol z,so • 72 5,•e, 
12o00 •,zz 2. 03 t, R 1 lol2 z,..,o • 7Q bolT 
llo 00 •,21 2, OQ I ,1;\8 ttSb z.~o o77 •• 71 
lu, oo .,,, 2.," 1 ,Q] lob9 2 .so t79 6,9, 
3c;, on • 03 ?,20 ?,23 lttt7 2,50 ,81 Toll ,,,on , 's l,JO z,,.,., 

'' •s 2 ,so ,R7 1 1 4~ 
11, on • 7~ ? • u 1 loll loiO ? ,50 •• J 7 ebb 
,8,00 1,17 ? ,ub '· hl • 71 2,50 ,qz 7, T5 
'\Q ,on , .5~ 2,31 "J,qz • ]8 2.~0 ,9z hT2 uo, no t. Qi 2,21 • ol ~ o21 ?. ~0 ·"" 7, 77 
41,00 ?., 01 2,1~ u .t j ,zu z.~o ,91 7o79 uz, on ?, 011 ?. 00 "· 0~ .. , ~.so ,qo 7 ,•o 
U3,00 2,1 b t,8b "• nr, • 70 ? ,50 ,90 e ol5 
l.ll.l .oo ?,a~ 1·"'' a,??. lo 05 ?, '>O ,qs e, 12 
l.l'St 00 ?,I,H 1o 72 tl,£11 lo ]9 z,1jo ••• CJ,29 
l.lt'lt oo 2,Q] t,'>B ,.,..,, ltb~ 2 ,..,o t 1 0tl '•"O u7, on ?,Q';l t, l.IO l.l,lS I• 79 z.~o loOl ... , 
Ut\, 00 z. Qljo t.~~ tl,?t "76 ? .so loOl IJ. QQ 
UQ, 00 ?.,en t,(IQ u. 02 j,Su z,..,o 1,00 q ,Ob 
'>O tOO l,nq t ,oQ "· t q lol q ? ,-;o I• 0 I e,e" 
"" oo },?7 t .tz 1.1,'18 ,8} ? .so It 02 8,73 -;z, on l, Ui lot~ a ,S7 .~7 2 ,r;o I• Ol 8,111 
S1, ~0 3 ,c,u 1 ,oY u ,,z ,so ?,';)Q t.o7 e,., 
'iu, oo 1 ,hO .. , tl,c;, 0 b0 ?,"iO t.t' e,TJ 
~~.no '· ,6 • 7~ U 1 UJ ,81 2.50 lolA a,•z 
-;b,t)O j,A 1 ,!'b ". 1b" lo09 .? ,I;)O lo22 9,tT 
~7, on 3 ,Ab • 35 ".zt lol7 z.~o t.ZU '• JZ c;H, (I {'I J, ~q ·'" u,o l ,,5~ z.c;o t.~B 9,uo 
r;q, on 3 ,h2 •• o' J,SQ lob9 ?..~o 1 ,zu •• 01 bo, oo },}7 .,,9 '1,17 lob5 2 .so t .21 e,s. 
61 ,oo 3.' 0 ... 1'> 2. 7~ lo~i z,-;o t.tft T,e, 
b2o 00 z. ~" .. ,QQ l. 1b lo08 z.so "" 7. 07 hJ,on ?,ol .,,..z 2,rq ,n ? .~o 1 ,oe b, '? flu .on z. 3q • ,11 ,,,8 

.~~ ?.5o ,, 0~ 
~,To bS, no ?, t 1 •• 7Q \ tlH .~o ? .~o 1o00 ',2~ ••• 00 1,q'5 "•Ab lot n ,.9 ;>,t;o ,9. 5,ou h1 ,no '· 7~ .,q 1 ,AS .71 z,so ,9z ~ ,..,e 

b6, 00 ,, 70 • ,9~ • 75 loOO 2t'i0 ,87 5.12 bQ, 00 \,bb •t, no obb loll z. ~0 oRO 5,Jo 7o, oo t.~q • \ 1 Q~ .~. ,,59 ?,~o ,Ro ,,~] 
7t .oo loll •lo 06 o?b lo 7b ?.so • 75 5,27 72.00 t. t 0 •1 I OJ • 07 1t 79 2,50 • 72 5,oe 71,00 .~9 .,fl7 •• 07 ,.~. ?, ~0 obR Oo75 7q .oo .71 .,qz • ·20 loll z.so obb ~.21 75o00 ,&;'5 •• ~a •·32 ,9z. 2 .~o ••• ),h 7bo00 •• l .,!1'-1! ••40 ·" z.so •• z J,Jz 
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StlM"1ARV OF Of'iN COAST STORM SURGE PR0ALEill4 

t-IURRICANE CARLl Vt.HlFICaTIOIII AT F'kEfPQRTt T£)1A5 
Ct.NTRAL PH[SSURl • 27,1't~ IN, MQ 1 

RaDIUS Tn M&WIMUM WINO • utt,(l ~,to!, 

TW&NSL&TlON SPEED • ],(1 I(~OTS 

HOTTOM r•ICT!O~ rAtTOH • o0050 

Cl • l01,0 

T !HE HTIJP SETUP TOT, I'I'INO 
(MOU~Sl v • .-nto~D v.rn"'P !\~TIIP 

(f!,) CITol en,, 

1 10() ., I'll , Ob ,0) 
2. 00 •• (ll .1.1 oil 
3' "0 -. f\1 .16 ol6 
u. 00 • ~0 ,H .2• 
lj. 00 •• 02 ~~6 ,?b 
bt 00 • 1 1"144 • ]l ,28 
7 .oo -. 1'17 ,H ,?0 
~.oo • I t\6 ,uo oll 
q,oo .. ~~~ ,us • ]b 

I 0 .oo • ol 0 ,uo • •o 
lloOO •oil .~· • •t 
12.00 ··1 ~ .s• ·•l 
llo 00 ··-'" .~44 , •o 

'"· 00 
•• ?b ••• ·•1 

!SoOn .,;tS 'Tu ••• 
tf»tOO .,,o , eo .so 
11 .on •• 'l • ~ 7 .~. 

1 ~.oo •• ]5 ,ow ,so 
to.oo •• 3b lo 01 •• 5 
zo. oo .,]b lo 06 , TZ 
Zlo 00 .,]b 1.1" ,10 
22o00 •• '5 I ,21 ,1!1'5 
21.00 •• 3l 1 ,lb ,0] 
~u, 00 .. " '. ]2 t. n l 
25.00 •• ?8 1. 3~ I ol 0 
26.00 .. ]~ t. uu t. (IQ 
27. oo -. uu I, 50 t ,1'16 
z~. oo •• ~1 t.57 t. 01 zq, on . ·"" t ,tiS t. 20 
H.oo •' ]U 1 t 7M t ,l'i 
1!. oo •• 21 1 1 liM ,,,] 
32.00 • ,?0 t,o2 !, TZ 
B,oo •,?0 1 ,Q"' 1. 7Q 
lu .on •• t q ? • nl 11"" 
15,00 • 0] 2, OQ ? ol2 
16.00 olZ 2,!8 2 oS! 
l7. 00 ... il,?'i ~ ,crs 
l~, Ol') t ,fib ~ 1 JU 3 •"~"~ 
lQ,OO t,tll ?.2• 3. ~1 
40, ~n loT~ ~oil l. llfl 
tq ,O() 11113 2. nz J. P.f'l 
•2. oo 1, QO t ,qo 3, litO 
4], 00 t,qT t.~o ], 77 
4tl, oo ~I ~0 J, TZ 1 ,qz 
ur;, oo 2. "~ '·"'" u, O'i 
u~ 1 oo ll"' !.51 (,1 I 1 ~ 
U7, 00 z,,.q t.Ju c:~, ('I] 
u11,on ;J .~q 1 't Q ] ,,.;q 
I.IQ, 00 2 ,,..7 t.ou ], T I 
~0. 00 1. ... z 1 ,l'lu ],~tt 

Slo 00 z,Qe loOT "~ nu 
5,?,00 ], '2 t.' 0 •.n 
51.00 loll t~nu U,Zb 
su,oo ], ?~ ,•T "•I!J 
55.00 l. ]b , T I U,(\7 
'ib,OI') ],UT . ~~ 4.1,0 1 
57.00 ,.~z ,Ju 1.~7 
s~ .oo J,t;S .t• ],bQ 
So, oo 1,10 • , n 1 3 ,?q 
60.00 J,n7 •• t b z,o 1 
blo on z. 113 • ,]0 2 ,r;z 
b2 .oo 2. ~Q .,4.144 2.' b 
b], 00 2.1• .,!l:t t .~u 
"'". 00 z.ts .,,.,., !.51 
b5, 00 ,,Q7 ... 'J t. Zu 
bo,oo ,,.,8 .,T'i ,qo 
h7 .oo loM ., .. u ,rs 
bA1 01"1 loSS •• ~q ••• 
bQ. 00 loS! .,qu o5T 
TO ,00 1 ,us .,qq ••• Tt,oo lo21 • t ,02 .zo 
72,00 t, no .,q7 ,OJ 
T], 00 .~1 .,oz • ·' 0 
'" .oo .. ~ •• ~7 ... zz 
75,00 .so .,1'3 •• :n 
TboOO • ]9 ., TfJ .,3'1 

Cl • 

AST, TIDf 
I IE'VJ'I 

(flo MLW) 

le ]b 
lo 0~ 

,80 
,10 
oT7 
,9T 

1ol~ 
1o~1 
loOT to•• 
lo5l 
lol e 

• T9 
, •2 
ol7 
olO 
o21 ••• ,eo 

lolb 
""q 
loll 
,,eo 
I• TO 
1fU,. 
lol 0 ,n 
,oz 
ob.l 
• 78 

lo OJ 
lol2 
toSb 
t,t..., 
ltb7 
l·"" 
lol 0 

• 71 
,]b 
oll .z. .. , 
, 7u 

s.o~ 
tolO 
J-b., 
lo 70 
l• 7b 
loSO 
lol~ 
,8) 
,57 ,so 
0 b0 
• el 

t.O'i 
lol7 
t.!JQ 
s ••• 
lobS 
t.4l 
loOb 
,1] 
,.b 
,uo 
••• , T l 

loOO 
loll ,,sq 
loh ,,n 
•·'" loll 
,92 
.~. 
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6fP lObi Ht oiB 
PERIPHERAL PRESSURE • ?91'12 1~ 1 MG, 

MAl( IMU"' WINO • 8ft ,o MJIH"• 

!~IT !AL NIH o z.~o HET 

Wl~D STNESS CDRHEtTID~ FACTOR o t,no 

1 Ob,O Cl • 5zeo.o 

I~ITIAL WHER PRESSURE TOTAL ••TER 
I ,\1~1 ~FTllP LEVEL en,> H T') (,T • •L•) 

~.~o ,)2 l,lt 
z.so oH ),98 
z.~o ,]. ]o8l 
z,'jo ol5 ]o T8 
?.~o ,]6 ~.e• 
lo50 ,]7 a,tz 
2, r;o .l~ "h"2 
?.so ,)0 "' 71 z. 50 ,uo 4,1J} 
2 ,so ·•1 5o00 
?..5o •• z Q,84 
2.'50 •• l a ,'5z 
?o50 ••• loiJ 
2o50 ••• ,,eo 
;t .so ,uT lebO 
z.so ,ue ],58 
?.o50 o50 ]o T5 
2o50 .. ~ 4o Ol 
?.o50 .~1 "·"' z,so .s• ••• l 
2.50 ,55 ,, ]2 
2o50 .s. ~.·l 
2o50 o5T 5,80 
2oSO .se s,T9 
2.50 .so 5obl 
~.so obi 5,lo 
~.so obl u ,qe 
z.so obS 41,81 
2o50 obT 5o01 z. so • 70 5oH 
Zo50 .rz 5o8e 
~.so • 7• .,zq 
2o50 ,n bobl 
z,so ,n •• ez. 
2,50 ,8] Tol2 
2o50 ,87 T ol.l 
2o50 ,o] '·"1 
2' ,'in ,q? ToSl 
~.so ,q2 '•"' 2 .so ,q, To 50 
2,'50 ,ql To 51 
z.so ,qo TobZ 
2,50 ,oo To81 
;.,so ,05 ~.uz 

z. 50 ,oo e,q7 
2 .so lt 0'1 q,)7 
?.so lo03 ,,lu 
l.5o loOl CJ~,l7 

?o50 loOO ~. T5 
z.so •1,0 I ~.s• 
lo50 !oOl e, Jq 
?oSO loO 1 ~. 31 
? .so loOT ~.ll 
2 .so lo.!1 8,}8 
z,r;o lol ~ e,!lb 
2oSO loll e.&l 
2 ,'.io S.2U ~ ,fll; 
2.50 lo28 •·o• 
z.so loZU e, 7l 
2o50 lo21 e,n 
2,50 lo I~ 7eft2 
2oSO loll •• ar 
2.50 loOe bol5 
z.so loOS 5o5S 
2 .~o loOO 5o IS 
2 ,so o9b It'll 
2o50 ·"' u,ee 
2e'50 ,81 ~.OJ 
2 ,so ,e• 5oZI 
2,50 ,eo 5ol5 
2o50 • 75 5oll 
2o50 oTZ 5o0] 
? .so ,oe a,Tz 
2 .so ••• a,n 
z.so ••• 3o1J 
Zo50 •• z S.JI 



SUMMARy 0~ OPEN COAST STORM SURGE PROBL.EII 

HURRICi'E CARLA VER!FICATiO' AT FREEPORTo TEViS 
Cf':NTRAL PRESSURE a Z1,bl.l IN, HG, 

TRANSLATION SPEfO • 3,0 KNOTS 

BOTTOM FR!CT!U~ FACTOR • ,0050 

SEP 10•1 Ht o/1l 
Pt.RlPHfRAL. PRESSURE a 29,'12 U1, MG, 

!N!TIA\. RISE o 2,50 ntr 

wiNO STRESS CORRECTION FACTOR • ,oO 

Cl • 201,0 Ci • 10b,O Cl • 52~0.0 

T IHE SrTUP HTUP 10T 1 "'INO AST 1 TIDE INITIAL •ATER PRESSURE TOTAl. wATER 
(HOURS) 'IC•COMP 1 Y•COMP, SETUP L.FV!L. L.EYEL. SETUP LEVEL. en,, en,, !Po) en, M\.W) cn.1 '"·' en, "L.•l 

), oo •' n.J , Ob • 03 Jtlb 2,'50 ol?. ~,~,21 

2. on •• 1'12 .11 ,oo 1· 0!!. 2o50 ,3] ],07 
1. no • • 01 ,lb . ) . ,eo ?.o50 .3 • ],80 
IJ. 00 • 00 .n • 21 • 70 z.so ,35 ], 7b 
5,oo .,n?. • 2S; ,?• .77 ? .so olb 1,67 
,, 00 ··~'~" ,lO ,?.b ,97 2 ,s·o ,J7 ~,~,, 0 
7. oo •• (,')b ,H ,27 lo2~ 2 .so ole "•"0 
". 00 •• n7 ,H • 30 lo51 2 .so ,30 a, 70 q,oo •• !'18 .. , ,H l 0 b7 2 ,so ,uo u,qo 

I 0, 00 • I ('IQ ... ,H t,b9 ?.,50 • •I ",qy 
II, 00 •' I~ ,50 ,le It 51 2o50 ,uz u,e1 
12.00 • ,17 .~5 ,B lolij 2,50 •• 3 "•"' )3. 00 •. u ,59 ,37 • 79 2,50 ••• •• ll 
t u. 00 . ·'" ·'" • •o •• l 2oSO ••• J,n 
15. on • 'i'b .~· ••• oil 2,50 •• 7 J,H 
1•, on •,?1 • 7~ •• 7 oiO 2 ,so 

··~ 
l;\b 

17.00 •,29 .~1 .st ,l) 2 ,so .so lo 72 
1 e, oo •,]) ,1:'8 .s. ••• 2,So ,ue IJ .o 1 
I o, 00 •oll ,o• ,bl ,eo 2 .so ,51 "•"" 20 ,no •• '2 1,01 ,oo It 1b 2 .so .s• a,ee 
2lo 00 •• ~l ,, 1'17 • 75 S.U9 2' .so o55 5,29 
22.00 •.32 loll •" I loll 2 .so o5b IJ.~Q 
23,00 •,H 1. ,, ,•o J,60 2 .so ,57 5o 75 
2'h00 ., ;.a 1,24 ·"· I• 70 ?,so .s~ 5 1 7U 
2S. 00 •,25 ),30 ),OS '•'"' ?. ,so ,so 5,57 
2b. oo •• J1 I I 15 1 1 CIIJ I ol 0 2oSO obi 5,25 
27.00 •• JQ l,Lil t, l'IZ ,79 2.50 obl u,9l 
Zl', 0!'1 •,LIB 1 ,a7 I, oo obl 2 ,so •• s "• 77 
29,00 .,uo t,liS I ,)5 obl 2 .~o .. , t~,9S 

H.oo •• 'I t,b£1 I,H • 78 2,50 • 70 ~.30 
llo 00 .,, q 1,7l t ,r;u loOl z.so .72 5o 7Q 
12, on .. , ~ I ,•1 1 ,h] lo 32 z.so • 7U '•''~ 33.00 •• 16 lo ~7 t. 70 t ,Sb z.so .77 bo52 
]U, 00 •• t 7 I ,Ql I, 75 t.b' 2,150 • 78 boTl 
JS .oo • 02 t ,QS 2. 1'10 ltb7 z,so ,BJ '. 00 
lb. on ,?.Q j' 1 (lb 2. 35 lt4~ 2oSO ,87 To IT 
37 .oo ,5q t' I I b 2, 7., lol 0 ?,so ,q3 Toll 
"5~ ,01'1 ,o. ? ,?i l,17 ,71 ?e'iO ,qz 7 0 30 
19.00 I,Z7 2 ,1'~ ),'li ,36 ?.~o ,qj! 7 o21 
IJO I 00 tlli7 2, Oi \,50 oil ? .so ,q I 7oll 
1,11 I 00 l,fl5 ),OZ ','i7 .2. 2 ,so ,q) 7,U 
1.12 .oo 1. 71 '·"' ],52 ,u) 2.50 ,oo 7oll 
IJ]. 00 I, 76 I, 70 '·"~ • 70 2 ,so ,oo 

7 ·""' UU I 00 1 IQH 1, bl 1 ~~'~Z ,, 0) ?.,50 ,os e, t l 
•s. oo 2.21 t.~b ~ 17b "JQI 2 ,so ,qq e,b~ 
1Jb100 'IIJ 1 t IIJ] 3 ,Au lob5 le'iO 1,01.1 ,,0) 
U7 ,Ot) ? ,Lil 1.?7 J, 70 ,, 79 2,'i0 lo Ol '· 01 
IH~ I 00 ?,1.13 I • I 3 3 .~. "'' ?. ,'50 loOl f',l!l~ 
uq, 00 ?.,u 1· .... q~ l,1Q t.SI.I ?.,so loOO I!I,I.IJ 
50. co i',~u ,oo 1,t;} 

t ·'' 
~.so lo 0 I Pl,ll 

-..,,on ?..,~ I, o I 3, 70 ,6J ?,liQ t. 02 ~.o., 

r;l, (It') '· ~~ ' 
t,lll.l ] I ~!I .~7 ?,50 lo Ol 7,05 

S3,CO ?.,Ql ,oo ~ ,qo .~u 2.~0 t. 07' 7,•7 
~Jtu, on ?. ,Qb '~C! ~. 7Q •• o ;a .'io loll ft, Ol 
~5. oo 1, nl ••• J, 7) ,O) t'eliO I •1 1!1 ft,lO 
"".on '· t 1.1 .~1 3 ,,s t.Oq 2 .so loU e,uta 
~;7, on 1. pi .n ] .~l lol7 2.~o 1tc!4 e,bl 
--~ .oo ,,,, ,15 :\,]til lo~q z.so loZft &,72 
t;;Q,~O ?, ru~ , no ji',QQ lo&Q 2 .~o 1·2" e,uz 
60 ,Q(') ?,11 •• t l "·"" leb~ 2oSO lo2l •, o I 
bt,no ?..~~ • ,?b 2,?q ltl.ll 2,50 lol. 7. 'q 
f'>2t 00 ?, '11.1 •• '1~ 1 ,qb loOij 2 ,5·0 loll .,,, 
bloOO 2,,, • ,50 lobb ,7] ?.oSO I· oe 5,Q8 
bU,OO , ... • ,5'1 lola ,ua Z,'iO lo05 5,1.10 
•s.oo 1. 76 • ,f.b 1,12 ,uo 2,50 loOO 5, Ol 
1'16.00 1 ,1'10 •• 7l ,A6 ,uq 2,50 ••• 1.1,8i 
~7 .oo t,uu •• 76 ,bb o71 2,SO ,qz "· ,, 
b~ ,oo lolO ••• 2 .~7 loOO 2.50 ,e7 41,, .. 
lo!Q, (10 1, ]b •• ~7 •• 8 loJI z.~o ,eu 5oli 
7o .eo I ,10 .. ,qi ,36 lo59 2o50 ,so 5o27 
7).00 t, nQ .,Q5 ,,. loh 2o'O • 75 IS,11t 
72o00 .•o .,ql •• oz It 7q 2o50 o72 "•''~ n.oo ,7} .,,.b •ell "'" Zo50 •• e "·'' 741 .oo ,56 .,ez .,zu loll 2o50 ,b~ u,za 
75.00 , u5 •• 79 •• 11 •• l 2o50 .~· JoU 
h.oo .35 •• 71.1 •,19 oS9 2,50 .u s.u 
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MURRlCl~E C••L• vERIFICATION aT FRElPORTo Hx•s 
Cf~TQAL PRESSU~f & Z7,e,li PI, MG, 

RAOttJS TCI t.IAWI""UM ·I~D • "b,(! N,M, 

TRlN!LAT!ON SPlED •· loO K~OTS 

AOTTO• FRICTION FaCTOR • o0050 

SEP I 9ol HC o/73 
PERIPHERAL PRESSURE o 29,92 IN, M(;, 

!N!Tl•L RISE • 2 0 50 FEEl 

•l•o STRESS CORRECTION FlCTOR o ,eo 

Cl • 203,0 C2 • too,o Cl • Heo,o 

TI•E srru• . HTUP TOT, •I NO .&ST, TIOE INIThL ••TtR PRESSURE TOTAL •HER 
(MOURS) 'II•C.,MP' Y•COMP I SETUP LEHL LEVEL SETUP LEVEL 

en,, en,, en,, en. ML•I "T I) enol e'T' •L•) 

,, 00 • ,o l • 0~ • ~J ,,, .. 2,50 ,32 I,Zl 
z, (IO •,I'Ji! ,I 0 ,OB t.o~ 2,50 ,]] ,,,, 
loOO •' t'IO .I~ ,, ~ ,eo 2,'50 ,]4 3 0 7e 
/,1 I 00 • 00 ,,. ol9 • 70 2,50 olS lo 7~ 
s. 00 •, o I ,23 • 21 .17 2o50 ,)0 3,ea 
~. 00 •, Ol .n ,n ,97 2 .so ,H 4, 01 
7 .oo •• t'lb ,30 ,24 ,,25 2,50 ,]ft 4,]1 
~I 00 • I Ob ,14 ,2e loSt 7.,50 ,]9 GoH 
q. 00 •• 07 ,H oll loOT 2 .so •• o o,er 

I 0, 00 •,08 ·"' • l• loU z.so ,41 "•'" t.loOO •oil ,4b ,35 loS I 2,50 o42 •, Te 
lloOO •• t 5 ,so ,35 loiS 2o50 ,u 4ltllb 
lloOO •• t q ,54 , 3S ,19 2 .so ,4. o,oe 
t•. 00 •• 21 ,59 ,H ,42 z,so ••• ]o 75 
15.00 •• 2) ,ol • 4 I ol1 2 .so ·"' So 55 
I~, oo ··2" ••• '•5 .tO l .so ,4~ lo5! 
t '7. 00 .,;tb • 1~ • 4~ ,21 loSO .~o , ... 
tA ,Qt'l • • ~e .. , ,5] ,40 loSO ,•A ],97 
t c;. on .,,q ,•7 ,se ,eo 2,'50 .53 •••• lO .oo • ,2q ,o• ,os t.lb lo50 .5• a,e, 
i! 1t 00 •• 2q ,09 , T I ,,qq lo50 o55 5ol5 
n.oo •• ?li 1 .~!1 ,77 lo 72 2o 50 ,so 5o5~ 
23.00 •,?7 totO .~. 1o eo loSO .57 5o 71 zu. 01) •,25 , • 1 b ,ot I• 70 2.50 ,5e s,oe 
l5o00 •,22 lo21 ,oo •·"" z.so o59 5o 51 
2f'lt00 • ,ze t. 2b .o~ lol 0 i!tliO obi '!,1, 
2To 00 •• '!I 1tll ,or ,19 2 .so ,03 a,ee 
2•. 0 0 • '1.1] ',)t' ·'~ ,.l z.so •• s a, 72 
2Q, 00 • I)~ t I '*5 t. OQ ,OJ ,,so .. , ",qo 
:H,OO -.~ll ,, 51 lo25 ,7~ z.so • 70 5o2l 
'H•CI') •• , 7 t I I-Ii t,us I• OJ 2 .~o • 72 So70 
ll. 00 •.to lo TO lo5l loll 2 ,so . '" bol 0 
BoOO ··1 to t. 1~ t,~o~o ,,so loSO ,77 ··"i 3•. oo • ,, s t. 111 0 t ,~rt5 "bQ lo50 ,79 .... z 
35.00 • ~2 t. !'~ t. ~7 I•"' 2o 50 .el •• 87 
,. • 00 .2• t.'H Ztlll I• U'; l ,5o ,er ToOl 
37.00 .~l ?,(1) t' ,";5 !oiO z .so ,q] ,, 01 
'".co .. ~ z ,n6 l,9] ,It ? ... ~ ,q; .,,o. 
lll 1 00 t .tl z. 02 3,15 ~le 2 ,'50 ,ql ••• 5 
uo .o 0 t,uo t ,QO ], )0 .lt 2,50 o91 ,,Q] 
t~t,OO 1. u1 t. ~ 1 1, ?ll ,2• 2,50 ,91 ,,QJ 
IJ2. 00 t ... 3 ! 0 10 loll .~t l ,so ,90 J,oa 
U] ,C\0 t,~K '·"'' 3. t Q • 70 2, 50 • 90 7oZ9 
"". 00 1,!7 t .~'~ ], 31 t.o~ ?. .~o ,95 7 .et 
us. 00 t ,q7 t,u7 ], U] lol9 2.50 ,90 e,ll 
ut~.cn 2 It IS lo 3~ l. Ll~ lob5 2o50 1, oa e,., 
J~1 1 on ,,,b t.zo l. 3"" lo 79 2o50 lo Ol "··8 ail'. 01'1 2.t7 t. n7 l.Zl loh lo so t.o J 8,52 
l,jQ I 00 loiS ,o] 3,(1~ I•~• ~.so t.oo e,u 
50.00 ? ,?7 ,Ol ], 20 lolq ?,so loO I T 1 90 
'51· 00 ? ,u('l ,95 ], )~ ,83 2o50 I, oz ,, .. 
5?.. 00 l .51 ,08 ],UQ ,57 2 .so lo Ol 7o58 
5). 00 .?, 1\0 ,93 J,sz ,so 2o50 loOT 7.5. 
51.1.00 2.b" . ,. ],£12 ,bO z.so loll 7ob5 
55 .oo 2,10 ... lo 35 ,81 2o50 lol ~ T,ea 
5t- .n() ~.~~~o ••• ),29 lo09 z.so lo 2l e,oq 
57.00 2. ~" ,]2 l.to ltl1 loSO s,zu e,n 
58.00 ~. ~f:l ,, ~ 3,0 I t,59 z.so 1.2~ eo3e 
I§Q,OO 2,folb ,oz z.•e t.O~ 2.50 lo24 ftolt 
~0 .oo z,u7 •• t 0 2,17 lob5 . 2o50 loll "·'" ~~. 00 2 ,?7 .,zt 2,1)b t.•z z.so lot e Tot• 
o2. oo 2, nQ .,·n t. 7b lo08 2o50 loll ··"' ttl. 00 1 ,qz .,u1 t,uq o1l 2o50 IoOft s,eo 
foJLI, 00 t. 75 • ,152 loll ,48 lo50 loOS 5olb 
~5. 00 t .~6 •• ljQ ,09 •• o 2o50 t.oo a,eq 
l)f, I 00 t. til .,f-15 ·'' ••• lo50 ••• •• rz 
b7. 00 1, ?.8 • ,11 .~7 I 71 2o50 ,9l ~.ro 
~~~~,on t, ;-u •• 1'!> • •e loOO 2o50 ,er a,e. 
bCI, 00 I, 21 • ,l!iO •" I loll lo50 ,eu 5o05 
70.00 I ol o • ,e') oll lo~9 z ,50 ,eo 5o20 . 
71o00 ,97 • ,ee 109 lo1b l ,50 175 5o II 
72.00 I ~0 .,eb •• 06 l'o19 Zo50 o7l ,,.5 
7lo 00 .~5 •,f'l •,\b "'" 2o50 ,oe ..... 
1a. 00 • ~l •,17 •,?.!; toll lo50 ... o,zz 
75.00 '•o "'•'" •.ll ,92 Zo50 ••• lo7l ,,, 00 ,]I ••• q •,le ·" Zo50 .u s,n 
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APPENDIX B-2. HURRICANE CARLA, GALVESTON, TEXAS 

SU""ARy or OPEN COAST STORM SURGt PROBLfH 

HURRICANE CARLA VERirltATIO' AT GAL\'t:STOt-q nus 8£P lObi AEC bl73 
CENTRAL PRESSURE • 27,e,u lN, ~G, PlRIPHE~AL PRESSURE • zq, qz 1•, HGo 

RADIUS TO MU'lMUM "'-1~0 • ub,Q, N,t-~, H.XIHU" 111lP11D • 8~. 0 Ml/1'4R, 

TRANSLATION SP£!0 a 3,n ••ots I'ITIAI. RISE a 1,00· FEET 

SOT! OM rRICTIO" 'ACTOR • o0030 WIND STRESS CORRftT ION FACTOR a lol 0 

Cl . zos,o cz • I Ob, 0 Cl • 5Z~o.o 

TIME SETUP SETUP TOT, •I•O AST, TIDE INITIAl. •ATER PRESSURE TOTAL wATER 
(HOURS) X•COMP, V•COto~P, SETUP LfVfL LEVEL SETUP lEVEL 

lrT ·' '" ,, 1fT') lno ML•l Crt,l IFTol ('T 1 ML,W) 

loon •ol2 ,I 3 ,o I I,OT t,CJO ,)2 loll z. 00 •• , 1 ,?.tl ol~ ,e, \,90 oH lo2T 
3 ,oo •• t 0 ,H • 27 • 75 t ,CJO ,)U ltlb 
".oo •• (IQ • us ,JQ , TO t.CJO ,)5 '''" 5. 00 •,1')1:\ .~7 ·"' • T5 t,CJO ,3b s,5o 
bt 01') •,(18 ,b. .~6 ,e, t,CJO ,H ], 7" 
7. 00 • ,1)7 • 7• obi I,OT t,90 oH ". 02 
e. oo "ol 0 ,PI • 71 1,22 ·t,CJO ,3o GoZI q,oo •• t 'j .~· o 1U lolO t,CJo ·" ~.ll 

I 0 oOO -.;»('I ,oe ,TS loZb t ,90 ,un a,n 
lloOO •.2~ , • (\b .~I lol 0 1 ,CJO •" I lloZ2 
12• 00 -,:n lol~ ,82 ,e• t ,qo ·•2 ,,qe 
llo 00 .,,. 1, 2U .~. ,5b loOO ... )o 711 
1 "· 00 •,uz lo l3 ,•o • )0 t,CJO ,us ),55 
!So 0 0 •• uu ! ,U] ,oo ,I" t,CJO 0 Ub '·"' I boOO •,u1 t,'iU loOT ,I 0 t ,CJQ ·"' ],511 
17.00 • ,ljO t,bb t. t b ,20 t ,CJo ,ue lo75 
18.00 •,uq 1. 7\1 t. 30 ,Ill 1 ,CJO .sn lloiO 
1 CJ,oo •,51 t,'U 1 ·"2 ,&o ,,,o oSI a o51 
20 .oo -,r;l 2, Ob l,')u ,qe t ,qo o51 a •'' 21o 00 •,152 2,18 \,66 1,?.3 lo oo ,52 5o ll 
22.00 •,13.1 ?,30 \,77 loH loOO o5l 5oH 
2lo 00 •,15?. 21U0 t~es 1,39 1,QO ,sa 5o T1 
20100 •,lj2 z.~o tlqq I,H t,flo .~s '· T2 25.00 •,•n 2,,.,0 2, OQ 1,11 loOO ,Sb '!i ,66 
2&o 00 •• us 2, TO 2. 2& ,a, loOO ,57 ,,bl 
27.00 •,17 2 .~ 1 2. tlij • 70 lo qo ,50 5o b) 
2P. 00 ··2" 2 ,oJ 2,b~ ,bl loOO .. , 5o 7T 2q,oo -.~J '· 0~ 3.~2 ,ol J,oo ,b) bolT 
lO .oo ,zo 3,17 ),U) • T• 1,qo obU •• Tt 
J loOO o58 ), ?6 3. ~6 ·" t ,qo ,&b 7ol2 
l2o 00 obO 3, 3b 3 ,Qb loiO J,oo ,&7 T ,b) 
HoOO ob2 3,Ul u, nu 1,211 ,,qo ··' ,,ee 
]U, 00 ... 3,1.17 U eli 11 ]0 leqO oTI e, 02 
35.00 1. ~" 3,'54 u,!tt:l 1,2U 1,oo • 7• e,a& 
lb .oo 1,1§0 ],t-l.t IS,tu ~-~Ob ,,,o ,n e,e7 
l7. 00 ~ 1 ") 3. 7~ 5. 76 1 ft0 t ,qo ,61 ,,z, 
HoOO l,zq , .. ~ S ,qu .~l t,'ln . ~· '·" )o, 00 2. )0 ,,18 5, 77 ,11 t.oo • 70 ft, Te 
1.10 .oo ?.,uq ,,oe s.~7 ,21 ,,qo o76 "•"b 
"" 00 "·"'' 2 I Qij 5,';;5 ,2• ,,qo • 75 e,u" 
"2. 00 2,7) 2. 79 5,52 ,3Q ,,qo ,7) e,5a 
UloOO 2,~2 ?,bl li. u.s ,&2 loOO • TO ,,e.e 
IUh 00 2 ,q7 2,57 5,'B ,,o t,QO • 7• Q I 07 
us. 00 J. OT 2.~ I s, 5e 1,1 b loOO • TO 'i,UJ 
Ub,OO 3,1 q 2 1 Ub 5,,.,s loll 1,00 ,e• ,,,, 
U7 ,00 J, nb 2125 5,)0 1, uo t.oo .~l '· ij] ue,oo Z,'Sb 2. 0~ U,t)1 1,3• 1 ,qo ,61 e,oT 
UQ,Q('I 2. 1b I. 7U ",so lolb 1 ,qo .~o e,h 
50 .oo 2 ,qb t. 1b ",71 ,,2 ,,,o ,e 1 e,lu 
5!o00 3 ·' u '·"' u IQij ,bq t,qo ,e 1 e,H 
52,00 ~.12 1, QO s.n • 5• t.Qo ,61 e,IIT 
5),00 3,)3 1 'lib lj .t q ,50 t,QO .~5 e•"l 
1}1,1 ,oo 3,?9 t,So u ,es ,58 ,,qo .a~ e,z, 
55.00 l,IB 1,10 "·" • T• t,qo ,02 '•'h 
5&. 00 ), ~~ loOl "• :57 ,ol ,,qo ,oo e.'" 
57.00 ],'it ,oo u,uo 1,12 t,QO ,o& e,le 
58 oOO ),71 ,77 u ,uq 1,2& ,,,o ,07 e,oz 
5o,oo l,l!'iO ,ol u. 1 l 1,30 t,qo ,o5 e,2e 
bO oOO J,?.b ,.6 ), 7l 1,2) loOO ·'" ,,eo 
bloOO l,O~ ,)7 ) 11.12 1,05 loOO ,ol T ,ze 
•2.0~ J,o2· .2T '· 2o ,e2 ,,,o ,eo '•'O &3. 00 z,qu ol q ),12 ,5, loOO ,ee •• ~o 
6U tOO z,oo ,oo 2 ,oq ·"" ,,,o ,eo "·" b5o00 z .~o .,ou 2,a •• o 1 ,oo o65 5oOI .,,,on Z,frll •• t u 

2 ·"" 
,118 loOO ,e• 5o To 

&7 .oo 2,51 ., i'l 2. 30 .. ~ ,,,o o8l ~ ... 
b6o00 2,5T •,15 2,22 ,88 ,,,o • TQ ~. 79 
bOoOO ?.",11!3 .,si Zoll 1,11 t ,oo ,,. 5o8T 
10 oOO 2,~J •• 7i. 1,01 1,2, loOO .n ,,., 
71o00 2,28 .,Ql lol7 I,H ,,,o oTO 5oh 
u.oo 2, 00 •t. ou ••• l,l7 loOO ,o7 u,e• 
n.oo loTI •t.t) .~e loll ,,,o obU .. , 
71.1 .oo \,U) .,,,, ,zu ,,9 t ,oo obl loh T5o00 I ol8 •1.11 •• 05 ,n ,,oo ,bl SolO hoOO ••• •1,25 • 1 Zff •" loOO obi loTJ 
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IU~M4AY OJ OPEN CO•ST 5TOR~ IURG~ PROBLEM 

HURRICANE CAOLA VERIFICATION AT OALVESTONo 
CENTRAL PRESSURE • Z1oU IN, HG, 

TRANSLATION SPEED • 3o0 ~~OTS 

BOTTOM ,A!CT!ON ,ACTOR • ,0030 

Cl • ZOloO 

T !HE snuP SETUP TOT, •!NO 
(HOURS) X•CO"'P, Y•COMP I lETUP 

(fT,) !Pol (fTo) 

lo 00 •oil ol Z ,n 1 
2 I Q(J .. '0 ,23 ol4 
lt 00 .,o, ,3• .25 
"· 00 • ,ne ••• ,lb 
s.oo •• 08 ,52 • •5 
boOO • ,('17 ,bl .s. 
7 .oo •• ~b ,bti .~z 
~ .oo ••I 0 • 75 ob5 q,oo •• t" ,e3 ,n 

1 o .no .,,e ,9 I ,1l 
II• on •,l] .~q ,Tb 
llo on •• ]0 t, n7 .77 
lloOO •elb lo t5 ,fto 
I 'I tOO •• l9 ~-~" , Bb 
!5o on • ,uo lol4 ,q • ,.,.oo .,ul '•"" lo 02 
t7 oOO •,u5 t. 5b loll 
I BoOO •, u5 t.lt8 loll 
t '·00 •• u~ t .~ l lol5 
20 oOO .,Q8 

t ·'" lo .b 
lloOO .,u1 lo 05 loSB 
lZoOO • ,l.l& i!. tb t,~te 
n.oo .,u1 2.27 loBO 
ltitOO .,u1 2.31 s,eq 
Z5o00 •, Ub 2,tlb z. no 
lbtOO .,ca t?,l!ib 2ol5 
27 .oo ··l" ;t, bb loll 
25.00 .,j'b l. 78 2,52 
2~o00 ., nl z.e~ 2, ee, 
30.00 .z• loCO lo24 
lloOO ,H l o11 loU 
llo 00 . ~· 3ol ~ l, 7" 
13.00 .~, lo?5 1.~2 
l•· 00 .~9 lo30 l,eq 
l5o 00 ••• 1.37 "·· ll Jb,OO ,, l6 ], Qb 11 1 8] 
37.00 t.~s ],57 5,41 
35.00 z, "e 

] . "" 5,57 
]Q. 0!) 2 I, 8 3,22 5,uo 
un,oo 2,?7 2 ,qu 5,20 
•toOO z ,]8 2,80 5 ol8 
42.00 z,u, l,flf) 5,15 
4lo00 loH 2,51 5, oe 
uu .oo z. 71 l,U5 5,15 
~5. 00 z,eo 2. 40 5,20 
hoOO z,o s 2,]5 5,2b 
"7, Ot'l ,2, 79 Zel ll U,Q] 
ile .oo z. l4 ,,~5 u ,zq 
·~·00 2.~2 ! ,bb "·• e 50 .oo 2.~9 lob1 U,]J 
5lo 00 z,"b I, 72 U,!i9 
52.00 le Ol t.eo U ,II) 
53o00 1. nl lo 77 u.~o 
5• .oo ], 00 

t ·"' "·"" 55,00 2 .•o ··'" ~ ,n" 
5bo00 J.o~. .~8 ". 0] 
~7. 00 lo?O ,Bb u,n5 
~~. 00 lolO ,74 4,1J 
59oOO 3 ,,9 •• 1 J oft! 
bO oOO z.~T • ijb 3,4] 
61o00 l. 78 ,]b lol4 
62o00 2o75 ,H l.nz 
u.oo 2o65 ,!9 2, 87 
hGeOO z,e,u .I 0 z. 7ij 
65o00 2o55 •• Ol 2,5] 
bboOO z. 19 •• t2 loll 
u.oo lo 11 • ,20 loll 
bBoOO 2,]4 .,]1 2,0] 
6~o00 2,39 .,u1 1,9] 
70 .oo z,uo .,65 lo75 
11o00 2. 08 .,el lo25 
?ZoOO lo ~2 .. ,. oh 
TloOO lo55 •l• OQ o51 
T4o00 lolO •t,tO .zo 
?SoOO lo07 •t.l" •.07 
hoOO .&7 .,, t1 •• 10 

nos SfP 19bl •EC b/73 
PERIPMER•L PRESSURE • 29. qz IN, HG, 

MAXIMUM l'llND • ae,o Mli11A 1 

!NIT IAL RISE • 1 .~o 'EET 

WINO STRESS CORRECTION , ACTOR • 1,00 

cz • IOb,O Cl • 5ZBOoO 

AST 1 TIDE INITIAL WATER PRESSUHE TOTAl. WATlR 
LEVEL LEVEL SETUP LEVEL en, ~t.•l (fT,) UT, l crT. MI.Wl 

I, 07 ,,,o • 32 3,30 
,aq ,,,o ,3] 3,2& 
• 75 t ,90 .3. lo24 
• 70 s,qo • ]5 loJO 
,75 t ,90 olb l,'lb 
.e~ lo90 olT lo TO 

I, 07 lo90 ole ),qy 
I,U l,qo ,)q 'l,lb 
l,lo l.~o ,]9 ".ze 
I,Zb ,,qo •• o q,ze 
1,10 l.~o ·•I •·11 ,ft. t.~o ·•l J,9] 

,5o ~.~o ••• J ·"'' ,so lo90 .. , 1,50 

·'" t.90 ,.b J,qq 
,I 0 lo90 .. , s,a• 
,?0 lo90 ·•e ] 0 b9 .. , t.~o .so 41,0'1 
,b9 ~.~o o51 ... '"~ 
,98 1 .~o o51 4 ,Bb 

1,23 t.~o .sz 5,24 
1,37 t.~o o5l '·"8 
I,H lo90 .s• 5o0l 
1,2~ !o90 .~5 ~.u 

loll ,,90 o5b 5,U 
,89 t ,90 o57 S,SI 
, TO 1 .~o o59 5 .sz 
,bl l.~o obi 5,b~ 

,bl t.~o o6l bo 0 I 

·'" t.~o ,6ij h,H 
.~1 lo90 .• b~ 7 ol 0 

1.10 t.90 obT 7 o41 
S, 2U !o90 .u 7,65 
l,lO t.~o o71 7,?9 
t,z• s.oo .1~ e,t9 
1,06 s.oo ,17 5,5b 

,eo t.~o ,et 8 0 9l 
.~J t.•o ,eo 8, 79 
,11 ··'" oT~ e,u l 
,21 t.~o ·" 8,oo 
.2• t.•o ,?5 e,oti 
,]9 t ,90 ,n 8,17 
,b2 t,oo o10 Boll 
.~o l.~o • 74 5,b9 

1',16 ,,90 I 79, 9, 05 
1,33 t.•o ,e• 9oH 
1,~0 lo~O ,83 o,oh 
I, 34 lo90 ,81 5,]4 
l,lb l.~o ,eo e, o• 
,•2 t.~o ,et 7 .~9 
,b9 t.~o ,et' 7,99 
,5• t.~o 'oBI e,oa 
,50 t.~o o55 e, o~ 
,55 lo90 ,8& ?,5~ 

• 7• ,,qo .~2 7 o60 
,n t.~o o94 1 ,eo 

1,12 !,90 .9. H,OJ 
1,26 l.~o o97 Bo2b 
I, lO ,,90 ,95 1o~b 
1,n lo90 ,9~ ?,50 
1,05 t.~o .~t 1,0 I 

,52 lo90 ,89 boU 
,5~ t.•o ,ee bo2ij 

••• lo90 oRb 5,04 
,uo !,90 ,&5 5,bb 
,•e t.~o ,e• 5,49 
,u lo90 oBl s,u9 
,58 I ,oo o79 ,,.o 

1,11 l.~o • 7b 5o70 
1,29 lo90 .n 5obb 
l,l9 t.•o o10 5,24 
I,H loOO .u u,eo 
I,Zl lo90 .u u,ze 

,99 lo90 .u lo1l 
.n .!o90 .u Sol& 
.51 lo90 ··I loU 

236 



SUMMARY OF OPEN COAST STORM IURCE PROBLEM 

HURRICANE CARLA vtRIFICATIO' AT GALVf.STONo TlXAS SEP I Qbl AEC bl7l 
CtNTRAL PRESSURt a Z7tb" lN 1 HG, PERIPHERAL PRESSURE a lQ,Ql t~, H(i. 

R.t.OlUS TO "'.lXli''IUM i'lllNO a "b ,o N 1 M1 MAXlfo!UM r.tND • 8&.0 Ml/t1R 1 

TRANSLATION SPEEO a 3. 0 KNOTS INITIAL H!SE a l.•o FEET 

~OTT OM FRICTION rACTOR a • 00)0 WINO STHESS CORRECTION FACTOR a ,QO 

C I a 203 .o C2 a I Ob,O CJ a sz~o.o 

T !ME snu• SP.TUP TOT, ~o-tt.~O AST, T !Of. INITIAL WATER PRESSURE TOTAL WATt.~ 
(MOURS) :C•COMJ' I V•CO,..P, HTUP LEVfL L! VfL ~fTUP LHtL 

CH,l CHol Cllo) I'T' ML•) nt,l Cflol en. M~W) 

1. 00 •,1 0 oil ,o I 1,07 t,QO ,32 J, ]0 
2. oo -,nq .21 oil 'SQ t,QO ,n l,zu 
ltOO .,('18 ,]1 • ~3 • 75 t,QQ ,ll.l. loll 
•• oo ·, n 7 • 39 ,]2 ,70 ,,qo olS lo?.7 
5. oo· •• 07 ,.ij • •I • 75 I.QO ,]b lo4l 
b I QQ •,nf:l .5~ ,uq ·"q lo QO ,)7 ],b, 
7. 00 •,nb .,~ ,5b 1,07 t,QO ,H 3,,, 
~.oo •• ('IQ ,.Q obO l,lZ I. oo ,.!0 "·" •• 00 •oil ,Tb ••• 1,10 t,QQ • 30 u,n 

10.00 •• t 7 
··~ ,h7 l,ltl t ,qo •• o 4,ZJ 

"' 00 -.~1 ,01 • 70 l,t 0 i .•o ·•I o.u 
12.00 •.?7 ••• ,72 ,84 1,90 •• l lo88 
I J, 00 •,3.? 1. 07 • 74 ,Sb t,QQ ••• lob4 
11.1 .oo •• 35 lol ~ •• o ,]0 t,QQ • •5 lo 05 
15.00 • t Jb t ,21.1 .~8 ,14 1.oo ,Qb lol8 
II>· 00 •• 36 t ,ll.l ,Ob ,I 0 t ,QQ •• 7 l,a] 
17 .oo •,IJt f,IJI) t. 01.1 ,20 t ,qo ·•8 lobl 
1e.oo • ,IJ 1 1.57 1 't b • 41 1 ,QQ .so loH 
10 .oo • ,uz t,fJQ 1,27 ,bQ t ,qo o51 4,17 
20 .oo •,'ll lo •I I, Je ,oe t,QQ .s1 a, T& 
21o 00 • ,(12 ,,qz t ,'\0 1,23 1 ,IJQ ,52 5ol5 22.00 • ,u3 2. ()] t,ljq 1,37 t.qo ,53 5, ]Q 
23oOO • 1 Ul 2e1l 1. 70 I, ]0 t,Qo ,54 '•H zu .oo •• uc ~.22 l.eo 1,20 t. QQ o55 5,5) 
25.00 .. ,uz ? • ]I 1,8Q 1,11 t.qo o5b 5 I Gb 
2b. 00 .,'\7 ?., •I 2 t ('IU ,aq 1.00 ,57 5,uo 
27 .oo •• 30 2o51 ?. • ?0 • 70 t ,qo ,sq SolO 
2Bo00 • • ~l z,& 1 2. Je ,bl t,qo obi ,,50 zq,oo •• 02 2. 72 2. 70 obl t. QQ obl 5,e5 
30.00 .22 2 .~l ],05 • 74 leiJO ,b4 &oH 
3 loOO • 47 2e'H 3. "1 ,OI loOO obb •,er 
32.00 ,uQ 3. 01 l,so 1,10 1o00 ob1 T,IT 
]J, 00 .~t 3, 0 7 3, 58 t ,zu t t IJO ,bq 7, •I 
11.1. 00 .~3 3ol2 :hb5 1,)0 t ,qo • 71 7 .~& 
35.00 .~s lol q u ,au l,l• l.qo • 74 T 0 Ql 
36.00 lo 2] ] .?.7 ",50 l 1 0b loOO .n e,ZJ 
37 .oo t,bb ],J7 15, ou • 80 l,qo o81 8,55 
3A, 0~ t.~e ], '\1'1 l!i,, e ,sl t ,q,. • e• e, us 
HoOO 1.•7 l,Ob 5,02 • 31 t,IJQ • 70 e,ol 
uo, Ofl 2. ou z.n U,f'] oll loOO .7~ 7. 1l •n.oo 2.15 ?.,,b ",t' l ,z• loOO • 75 7. 70 
42.00 2 .2~ ?,Sl ". 77 ,]o t ,qo ,7] 7,TQ 
Ll]. 00 2. ]2 ?.,]B LI,TO obl loOO • 70 7 tOl 
UU 100 i! ·"" z:H u,1& ,oo I ,oo ,74 ~.ll 
U'), 00 2,53 2.27 u,I'O 1,1 b l.•o • 70 6,b~ 
Lib. 00 ?..~3 z.~3· t1 1 A& l,l] loOO .e• 8 ,QJ 
U1 I 00 2 ,-;z 2,03 u ,ss 1,40 t,qo ,el e,~e 
4A,OO 2.11 1.·~ 3,07 I, ]4 loOO ,81 e,oz 
uq, oo z. ?6 lo57 3 .~5 l,lb 1 ,qo ,ao 7. 71 
so. 00 2,43 1 ,'5Q ".oz ,oz 1o00 .el T,b5 
51.00 2 ,-;9 I ,1>3 ".22 ,bq lo90 ,81 1 .~z 
52. oo ?. • 741 1. 71 u,au ,54 loOO ,el 7 ,bO 
53.00 Zt 1U 1. ,.,8 u,uz ,50 t ,qo ,65 7 tbt. 
54 .oo 2. 71 lo •I u,tz .~e loOO • e~ . 7 ,ue 
55 .oo 2.•2 t. 0~ 3. 70 'T• lo90 ,oz 7 oZb 
IS&, 00 2. 1b • 0] ] ,bO ,ol loOO ,04 7, U5 
57.00 ~ .~Q . ~~ ], 70 1,12 loOO ,Ob 7 ,be 
58.00 ] 1 fib • 71 3,17 1,2. ltQO ,07 7 oOI 
so.oo z,.aq ,sq l, 47 I, 30 t,QO ,os 7 obl 
bO, 00 2 ,':-8 .. ~ loll 1,23 t,QQ ,q. 7 .zo 
blo 00 2,'it .3~ z.A~ I, OS loOO .o1 b, 7] 
b2 .oo 2, L18 ,?7 2,75 ,ez I,QO ,eo b,H 
b] .oo z,az ,20 2, bl .~q loOO .ee ~.oo 
~lJ .oo ~. ]q oil ?.,aq ••• I,QO ,eb '. ?0 b5. 00 2,H ·.no 2,H ,•o loOO o85 5,45 
bb. 00 2,1b • • O·Q 2. 07 ,48 1, QO ,e• 5,20 
b7. 00 z,ns •ol7 lo02 ,bS loOO ,83 5,20 
b& .oo 2,12 -,27 t,AS ,ee loOO o70 5,41 
&Q,QO 2.1 b .,ul I. 7~ 1,11 l,qo • 7b ~.~l 70.00 2.1 b -.~8 I. 58 1,2• l,qo ,73 ~.,o 71o 00 1.~7 •• 74 loll 1,30 loOO • 70 5,U 
n.oo t, ~u • ,etJ ,77 1,37 loOO ob7 4,71 n.oo t,ao •• o5 ,45 1,2S loOO ,b. 4,l2 7•.oo "17 •1. 01 olb ·" 1,00 obl s, b6 75o00 ,o7 •t ,os •' OQ ,n loOO ob2 l,l. 1bo00 'T& •t ,oe •,lo ,51 l.•o obi loU 
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SUMMARY 0~ OPlN COAST STORM 'SURGl PROBLEM 

MURRICANE CAR~A VlRIF!CATIO" AT GA~VESTONo TEUS SEP lqbl •Ec bl1l 
CENTRA~ PRESSURE • 27,b4 1"" 1 ~G, P~RIPHERAL PRESSURE • 2 •••• 2 1.,., ~G. 

RADIUS TO MAXIMUM WINO o 4bt 0 ~. M, MAXIMUM ~J~INO • ee,o MIIMR, 

TRANSLATION SPEED • l,n K~OTS INITIAL RISE o l,qo HET 

BOTTOM fRICTION fACTOR • ,OOlO WINO 8T~E6S CORRECTION fACTOR o ,eo 

Cl • 203.0 C2 • I Ob,O Cl • 5280,0 

TIME SETUP SETUP TOT, ~ INO AST 1 TIDE INITIAL WATER PRE>SURE TOTAL ••HR 
(MOLIRSI 'IC•COMP I Y•COMP, snu• LEVEl. I. EVE~ SETUP LEVEL 

CfT, l cn,s CfTol en. MLW) (fTol CfT, l "T• •L•l 

lt 00 .,nq ol 0 , 0 I 1,07 1 I QO ,JZ '· 30 z. 00 -.na ol q oil ,e• t ,qo .n ],2] 
3. 00 -. ()7 ,27 o20 • 7~ t ,qo ']U l ol q 
".oo •,Ob • 3~ .2• ,70 t,QO o35 Joiu 
lj ,oo •• f'lb ,U3 .37 • 75 t,qo • 3b ],]1 

b. oo •, OS .so • •u ,e• s,qo o37 lobO 
7. oo • • r>S .~. o51 1,07 1, qo ,]6 lo!b 
e, oo •• ('18 .~2 o5U I,U s.•o ,3q u,os 
q,oo • oil ,bq ,se 1, 30 s,qo olq 4 ol7 

I 0 .oo -.1~ • 7b ,bl 1,2b lo qo • uo G oiT 
llo 00 • t f 8 ,R3 

··~ 1,10 s.•o oUI "• 06 
12o00 ··2" ,qo obb , e• s,qo •• 2 ),62 
13.00 •• 2Q ,q6 .~q ,5b s.•o ••• ],5. 
IU .oo .. '1 s.o5 ,75 • 30 1.•o ,05 3t J' 
ISoOO -.12 1·1" • •2 ,I• s,qo ,Ob h32 
1 b. 00 • 'JU 1.?3 • ~q ,I 0 lo qo ,u1 ]o lb 
11 ,on •,11.:1 t ,:JU •• 7 ,20 1, qo .u~ lt5b 
18. oo •elb 1 1 US 1 ,oq ,us 1 ,qo o50 ,,e, 
I q, oo •.37 t,ljb 1. tQ ,bq l, QO o51 4o2q 
20 .oo ., 'e t ,b7 t.zq ,qe t ,qo o51 Q,bq 
21· 00 •• 38 lo 76 t,uo 1,21 s.•o .~2 5o0b 
22o 00 .. "'~ s.~a s.~o 1,37 lo •o o53 ~. lO 
2l. 0~ . .. ,6 t ,Q6 1 ,oo 1,3. t,QO o5U '' Ul 2U o00 •.3~ 2 ,1'11 t,6Q 1,29 t ,qo o55 5,U3 
25.00 .. ,·n lol ~ I, T8 1,11 1, CJO o5b 5oH 
Zb, 00 •• 3l ?.,?.U t.Q2 ,59 l,qo o51 5 o28 
27 .oo -.27 2. 30 z. 01 ,70 1.•o ,sq 5 .lb 
28.00 • t2l 2. "" 2,23 ,bl t ,qo obi 1lt'5b 
2•· oo •• nl 2, r;u 2 .sz ,bl s,qo obl ~.H 
lO ,oo ol q 2.6~ 2 .~u ,1U t,QO obU btlZ 
31.00 ,uz 2 ,7&1 lo17 ,91 t, QO obb bobl 
l2. 00 ,u. z.ez 3,2b 1,10 s,qo obT be 1U 
n,no ··~ ? • ~8 !1, ]3 1 ,zu t ,qo obq 1oiT 
,~.~,oo ,U1 z,oJ 3. uo I, 30 t ,qo o11 7o 31 
'~. 00 • 7b z,qq ',15 I,?U s,•o ,1U 1ob3 
l~ I 00 t, nq 1. n7 • ol7 I,Ob ,,qo ,77 To•o 
37 ,no t,Utl 3, t 7 U,h., ,M l,qo o61 e,u 
,~.oo 

t ·"' '., 1 U,7Q 0 5S t ,CJO ,eo 8,01 
39,00 1.7~ 2. ~6 U,b&l ,31 t,QO ,rq 1tf»4 
uo. oo lo ez 2 ,b] u ,ut; oll s.•o oH To lu 
"t.oo t,qz z,-;t t1 1 LIZ .2• t,QO • 75 1 oll 
uz,oo 2, n t 2 ,lf' U,]q . ,. t,QO .n 1tUI 
1.1) I CIO 2. 07 2. i?5 l.lf32 ,62 t,CJO o10 7o 5u 
"" ,oo 2, t e 2 .I q u,:n ,qo s, •o • TU 7,., 
tal), 00 ?. • ?5 2 .t"' ij I 1.10 l,lb 1 ,qo • Tq e, zs 
Ub,OO 2, 3S 2 ol 0 lJ,tHI 1,33 s.•o ,eu 8tl52 
1.17 ,Q() ?.,?5 t. qz "·'"' \,tl(l s,qo ,Bl e,zq 
ue,oo t. ~q s·, 75 l, folj I,Ju s.•o ,81 T,b& 
I.IQ,OO 2 0 03 t I t16 lo~l 1,1 b s.•o ,eo T. ]7 
~0 .oo 2 ol7 t, uq 3,6b ,qz t,Qo • 61 7 .z. 
~lo 00 2o 31 t.su l, eu ••• t,QO ,61 1ol5 
52 ,oo 2 I tl&l \, bO u,ou 

.~· t,QO oBI Tole 
53 .oo 2 ,us 1,151:! u,oz ,so t,Qo ,es T .l7 
5&1, 00 2. 1.12 loll l. 70 .~8 1,90 ,ee Toll 
ss.oo 

?. ·'" 
t I Oi lol~ ,TO t,qo ,q2 •·•z 

5bt00 ?.,l.ib • ~8 ) • )tl ,ql s,oo ,qu 1ol 0 
57o 00 2. 58 ,77 3. 3~ 1,12 t ,CJO ••• 7oH 
~6. 00 ?., 71.1 ,b 7 loU I 1,2b s.•o ,q1 7 ,su 
sq,oo ?.,li8 ,5b l,tl.l I; SO t. qo ,q5 7,Z. 
bO, 00 2, uo ,ul 2,1'11 lo 2J t,qo ,qo •• e~ 
bloOO ~ ,24 • 30 2,'5e 1, o5 lo90 ,qs e.,a~ 

bloOO 2.22 .27 z,ue ,82 s,qo ,eq •• 1 0 
bloOO 2olb • 20 2oH .~~ 

t,qo ,ee 5o73 
bU ,QO 2 oil .12 2o2U ,u~ s.•o ,e• ~. 45 
~5. 00 2,ns ,o I 2,t17 ,uo 1.qo ,e5 ~.22 
bb, 0 0 lo Ol •• 07 t.so ,ue t,CJO .eo ,,oe 
h7 .oo '·"'" •• t l s.n ,b5 t ,qo ,e, ,,, 0 
btl, 00 t,R8 •,2l 1tbb ,ee s. •o ,,,. 5t2J 
bq. 00 1,q2 ., l~ 1 •. ~7 1,11 1,qo • Tb. ~.l'i 
70 .oo s,ql .,51 1, Ui 1,2q s,qo ,1) ,, ]Q 
7lo00 lob1 •,M, lo 0 I s,s• 1,qo • 70 ~.oo 
12.00 t. Ub •• 77 ,b. 1,37 lo90 ob1 Gobi 
n.oo 1.25 .,e5 ,]q I,ZS s.~o ••• Golb 
T•. 00 1,04 .,en oil ·" s,•o ,u lob' 
75o00 ,eb .,qb .,, 0 ,71 s,oo ob2 Jol5 
h.oo • 70 ..• ~ ··2~ ,51 s,•o obi z.TZ 
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APPENDIX B-3. HURRICANE AUDREY, EUGENE ISLAND, LOUISIANA 

SUHHARY OF OPEN COAST STORM SURGE PROBLEH 

HURRICANE AUDREY VERIFICATION AT EUGENE ISLAND LA, 
CENT~AL PRESSURE 27.95 IN. HG, 

RADIUS TO HAXIHUH WINO 19.0 N,H, 

TRANSLATION SPEED 14.0 KNOTS 

BOTTOM FRICTION FACTOR .0030 

C1 = 203.C C2 

TIHE SETUP SETUP TOT, WINO AST, TIDE 
IHOURSI X-COHP, Y -COHP, SETUP LEVEL 

cn,l CFT ol CFT tl C F T, ~LW) 

2oJU 3.29 .95 4,24 ,32 
4.00 2.92 1.1& 4.08 1,00 
e..;;o 3.85 1.30 5.14 t,QO 
8. 0 0 4',27 1.3& 5.&3 1,27 

1U ,uo 6,13 1. 35 7.49 ,82 
12.00 ... 78 ,&9 5,47 ,eo 
14.JO 3,51 • 48 3.99 ,'18 
1&.00 J.13 .20 3.34 ,'10 
18,u0 3.62 ,U7 3,70 ,30 
2;.oo 4.09 .12 4.22 •,bO 
22.~0 3.22 -.t4 3.16 •,88 
24.00 2.29 -.08 2o21 -.~8 
2&.u0 1o81 -.18 1.&3 ,07 
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JUN 1957 AEC 7/73 
PERIPHERAL PRESSURE 

HAXIHUM WINO 

INITIAL RISE 

WINO STRESS CO~RECTION FACTOR 

29.70 IN. HG. 

95.0 HI/HR. 

1.00 FEET 

1.10 

10&.0 C3 = 528ij,O 

INITIAL WATER PRESSURE TOTAL HATER 
LEVEL SETUP LEVEL en, l CH,) !FT. HUll 

1.ao .24 So60 
1.~o .25 bol41 
1.00 .27 7oS! 
1.00 ,28 6ol7 
1.0.:; .3 0 9ob0 
t.oo .29 7,~., 

1.00 .28 bo2'> 
t.uo .26 s.so 
1.00 .23 So2l 
1.ou .21 Q,83 
1,ijQ .20 },419 
1,0C .18 i!o61 
1,JO .1b 2o6b 



HURR!Cl~E AUnNEY VENIF!CAT!O~ AT ~UGENE jSLAND Llo 
C~NTRAL PN~SSUR~ • 27 1 QS IN, HG, 

TNA~SLAT!ON SPtED • IU,O KNOTS 

AOTTOM FRICTION FACTOR • 1 002~ 

JUN IQS7 AEC 7173 
PtR!P~F.~AL PNtSSliNt = 2'1,70 IN, HG, 

l~!TIAL ~ISE: 1,00 fEET 

•1~0 STKESS CORkECT!O~ FACTOR a 1,10 

c~ = IO&,o C5 : 5250.0 

T!Mf SFTUP SETUP TOT, ~!ND AST, TIDE I~IT!AL •HER PRESSU~E TOTAL lo.ATER 
(HOURS) X•CO>'P, Y•CO>'P, SETUP LfVtL LEVEL SETUP LEVf.l 

CFT ,) en,, n r ,, (FT' ML•) C ~ T') cn.l ( FT, ML•) 

2.00 >.~q ,'1'1 U,26 ,Ji! 1, no o2U s,eu 
4o00 2,Q2 1.24 4,15 loOO loOO oi!S &,4, 
&.oo 3,Au 1,36 5.22 1,40 loOO .27 7,8q 
e.oo a,2b l.a~ 5,70 lo27 I, 00 ,ZA 8i2':> 

IOoOO &,II 1, au 7,Sb ,8i! I , 0 0 dO 'I,, b7 
12.00 4,77 ,74 s.so ,eo 1,00 ·2'~ r,o;q 
14,00 3,50 ,55 a,o3 ,'le I , o 0 o2A &,2'1 

'lb,OO 3,13 .2~ 3,J7 ,'10 1.oo .21> ':>,SJ 
IA,OO 3,h2 ,I 0 3,71 dO loOO ·23 ~.?.4 
20.00 4,0'1 ,14 u,?3 •obO I, 00 .21 u,6u 
22.00 3,21 ·.ou 3,18 •,88 1,00 .zo ~.aq 
24,00 2,2'1 •,Ob 2 ,?1 ~.sij I , 0 o o!A 2,81 
2b,OO I, A I -,18 I ,1,2 ,or 1.oo olb 2,8& 

SUMMARy OF OPEN COAST STORM SURGE PROBLEM 

HURRICANE AUDREY VENIF!CAT!ON AT EUGENE ISLAND 
CENTRAL PRESSURE : c7 1 '1S IN, HG, 

TRA~SLATION SPEfD : 14 1 0 KNOTS 

BOTTOM FRICTION FACTOR • ,0025 

Cl : 203,0 

T!HE SFTlJP HTIJP TOT, ~IND AS T, 

LA, 

C2 a 

TIDE 
(HOURS) X•r.O~P, Y•C0t.\P 1 SfTI)P LE'VEL 

( ~ T 0 l (H,l (Fl,) ( F T, ML•) 

z.oo z,qq ,'l3 3,'1) ,52 
u.oo z.~q l.lb 3,RS 1,00 
hoOO 3,'53 1,10 4,~3 l,uo 
e.oo ~.q2 ! ,3b 5,28 I ,27 

IOoOO 5,1>3 I. 3b b,'lq ,62 
l2o00 a,ao ,70 r;,o'l ,60 
lUoOO 3,22 .so 3,72 ,'16 
lboOO ?.~7 ,24 3.11 ,'lO 
l8oOO 3, 31 .!0 3,a1 ,30 
zo.oo 3,75 oiU 3,~'1 .. ,&0 
22.00 ~,CIS .,o3 ?,'l2 •,88 
za,o~ 2.! 0 -.oa 2,03 •,56 
2bo00 l.~b .,17 I' aq ,07 
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JIJN 1'157 AEC 7173 
PERIPHERAL PRfSSURE • 2'1,10 jt,, ~G, 

MAXI HUH •IND c 'l'i,O MJ/I'oR, 

JN!T!At RISE' a I, 00 FEET 

WIND STRESS CORRFCTION fACTOR z I. 00 

101>,0 C3 a 'i2BO,O 

INITIAL WATER PllESSUH TOTAL oAHR 
L.EVFL ,S~TUP LEVlL 
nT,l en,, (FT, ML,w) 

loOO ,2a '>oUt! 
I, 00 ,25 boll 
I, 00 .27 7.50 
I , 0 0 .28 To83 
loOO .30 'lo!O 
I, 00 ,2'1 7ol6 
1.oo .2~ ~.'16 
I, 00 .21> '5o27 
I, 00 .23 u,'lu 
loOO .21 u,so 
loOO .zo 3o2a 
I, 00 .I~ 2obl 
I I 00 olb Zo1il 



SUM~Aily OF OPEN COAST STOll~ SURGE PRORLFM 

JIIN !057 AfC 1/B HURRTCANF. AlJ~RFy Vf.RHTCAT!O•J AT [l'GfNE TSLA"D ,LA, 
r.ENTRAI PRESSUDE • 27,'l5 IN, ~r,, P[RJP~FRAL PRESSIIRf ~ ~q, 7n Till, HG, 

111,n N,~<, 

J"'JTIAL RISf. ~ t,nO ~FET 

C2 a lOb,~ C3 = 52~0,0 

TI~<F. SF TIJP SFTI}P TOT, ~IN~ AST, TID F. IlllrTTAL W6TER PRf~SU~F TOTAl WATER 
(H~lJRSl x-ro~o: v-r-oup. SFTI.IP LFVFL LFVfL ~fTUP I fVfL ( ~ T I) CHol nr,, ( ~ T I MLw) nT,) CFTol (FT, MLW) 

~.on ::t.-.,q ,•o ,,'iS oli! 1 , no .2~ ';oil o.on ~.oo I, ~8 J,'iU 1,00 1 , no o25 ';,7'1 b.on ,,~1 , .~1 a,az t,ao 1, no .27 1,0'1 
~.on '·"~ ,·.? 7 ~.•5 lo27 1.no .2~ 7,ao 1o.on t;. ~ u ;,::>7 ~>,uo .s~ 1, no .3n 8,S2 
1~.on u,,2 ,1>5 u.~1 ,eo 1, no .2'1 bo7b ta.nn ~.03 ,U8 ~.at ,'16 I, no .2~ '>,b7 I boon ,.~1 ·'ij ~.•u ,'10 1 , no .2~ s,oo IA.on ~.~1 , I 0 '·I I ,lo t,no ·.23 a,ba ?o.on ,,an 

·' 3 
3,'iu ~,t.>O '·no .21 Uol~ n.on ?,~'1 -.~3 ?.~b •,66 1. no .2n 2.'1~ ?a,on I ,ot -,n7 , • o5 •oSB 1, no ,!P z,ao; ::>b.on 1,"0 •,15 I, ~5 ,01 , • oo ,p. 2,'Jl:! 

SUMMARy OF OPEN COAST STCIRM SIJ~GE PRORLEM 

HURRICANE AUDREY VER!F !CATIO"' AT tUGENE 
CE"'TRAL PRESSURE "' 27,'1S IN, 

PADIUS TO ~A~lMUM w~NO ~ !'l,O N,t-4, 

TRA'lSLAT!ON SPtED = tu.n KNOTS 

~OTTOM FRICTION FACTOR : ,OC2S 

Cl : 20,,0 

TIME SETUP SETUP TOT, ~IND 
(HOll~S) X•(QMP. Y•COMP, SETUP 

( F T' l err,, ( ~ T ol 

2.00 2,3Q ,7Q 3.18 
u.oo 2.22 I, 00 3.22 
boOO 2,~9 1.12 u.~t 
s.oo 3,?3 I ,1 B u,u, 
1~.on U,I>U I ,I 7 s.et 
12.00 3,1>3 ,bl u,;>u 
ta,oo 2,6U ,uS 3,oq 
lb.OO ~,,II ,23 ?.57 
1e.oo 2,70 ,I 0 2,110 
2o.oo 3.os ,13 3.t8 n.oo 2,112 •,03 2,H 
2a,oo 1,72 •,Ob I ,bb 
2&.00 1,35 ··1" , t21 

ISLA"' 0 LA, JUN 1'157 AEC 1173 HG, P[RJPhERAL PRESSURE ~ 2'1,70 JN, HG, 

~AXJMU~ ~INI) : qs,o MI/t<R, 

~NIT tAL RISf : I, ~0 FEtT 

WIND ST~ESS CORREctiON FACTOP c .~0 

C2 " I Ob,O C3 : 52~0,0 

AST, TIDE INITIAL wATER PQt5SlJRE TOTH wATlR 
LfVEL LfVEL ~tTUP l.EVEL 

(FT' MLW) (FT ,) ( F T, l (FT, HLW) 

,li! I, 00 ,2u Uo711 1,00 I. 00 .r.s Soll7 1,110 I, 00 .27 &,&e 1,27 I, 00 .2e. bo'lb ,e2 I, ~0 .30 r,q2 ,!!0 I, 00 ,2'1 btl2 ,'16 1. ryo .25 5.35 ,'10 1.oo .2& u, 73 ,30 !tOO .23 11,53 •,bO 1.oo .21 3o80 •,86 I, 00 ,20 2o71 -.sa leOO oil\ 2t2b ,07 I • 00 ·'"' 2oiiQ 
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APPENDIX B-4. HURRICANE CAMILLE, BILOXI, MISSISSIPPI 

riRIT T~R[[ ~HTERI OF HURRICANl ~A~f (ITYPt) CAM 

C!NTRA~ PRESSURE CPO) • lb 0 7l IN, HG 0 

RADIUS TO MAXIMUM WINO (R) • zq,o N,M, 

TRANS~ATION IPfEO CV' )o 1) 0 0 KNOTI 

BOTTOM 'RICTION "CTOR CBfrl • ,DOlO 

GEOGRAPHICA~ ~ATITUOE(PHIII o lO oOO 

TIM~ SETUP UTUP TOT, wiNO 
(HOURS) x.co~'~P .. 'hCOMP, SETUP 

CFT,) I !To) CP!o) 

lo 00 ,e 1 ,to .~1 
z, 00 .~~ ,12 ,qe 
loOO .~1 ,4. loOO 
~. 00 ,,. ,b1 lo Ol 
5,oo ,zo ,84 1,04 
tl, 00 .,oo t. 00 ,qq 
To 00 •• 29 lolb ,87 
e, oo •,58 toll 0 7U 
•• oo • ,qb t,ue o52 

I 0 oOO •t,:H lobl ,lb 
lloOO •loH lo 71 • • t b 
IZ, oo ·2.5i l.•o .,6] 
lloOO .], ~r; 2 ,o I •1,]4 
1•.oo .u, oo z.t" •t, e-s 
I S,oo .u,tS 2o 28 .. ,,e7 
t o,oo •"• T' 2.H •2. uz 
IToOO .S,:55 2 ,us .z ,qo 
18,00 ·15 ,,z 2 .~b .1,15 
t •.oo • 710 J ?. .~7 •4 1 ]fa 
20oOO ,ru 2, eo 3,54 
21,00 •fi,M) ],07 •],99 
2?.. 00 .CJ,bl 3. !. •6,24 
23,00 •fl 1 J] 3,84 .z,ee 
24.00 .. ~,'je "I U8 •4,10 
25,00 • s ,,e ",eu •• 34 
lb, 00 2~o4l 2. 70 28,1] 
27 .oo l•.er 1,2• ·Ziolb za, oo I 8, T8 ,5]• 1 •,Jo 
2•,oo 17o5b "'1 02 11.~. 
30 oOO sa,u,i! • • zo I 4,22 
ll.oo llo~q • ,344 llo20 
lZ, 00 IOoOO .,qe •,sz 
B,oo e, u 1 •,bl 1, eo 
'". 00 1,10 •• 74 o,u 
35.00 'i,qu ",eu 5,10 
lb,oo 5,01 .,ee ~.u 
l7 ,oo 4,31 .,es '·"" ]8, 00 J, eo .. ,rq 1 0 0 I 
J•,oo l, ]5 .. ,72 Zobl 
40 oOO Joo• .,613 2,., 
41,00 J,oJ .,5e z,~4 

•2,oo lol' .,50 Zolb 
4],00 z ••• "•"J lo51 

AST, 

PERIPHERA~ PRESSURE CPNI • Z~o~l IN, HGo 

MAXIMUM WINO (wX) o li15o0 MI/HRo 

INITIA~ RISE CSE) • lo20 ~EfT 

wiNO STRESS CORRECTION ~ACTOR CwKCOR) • 1,10 

TRAVERSE BEARING CBHR) • I 12 0 0 

TIDE INITIA~ WATER PRliSURE TOTA~ WATER 
~EVE~ ~EVE~ 8ETUP Uvt~ 

en. M~W) en,, IFTol I"• H~W) 

lo oq lo20 o24 l .... 
,q2 lo20 .z~ lol5 
,8 .. lo20 o2T loll 
,eo lo20 o28 loll 
,as lo 20 ,zq loh 
',cu, lo20 olO ),CIG 

lol 0 lo20 oll ],4, 
loll lo20 ,n So~5 
loUZ lo20 ,su lo•a 
a,uq lo20 ol6 So31 
loH lo20 oST z,•o 
loUO lo20 ,}q 2oS6 
lo 27 lo20 o41 lo54 
lol 0 lo20 ,us o81 
,qs lo20 o45 o1l 
,ft4 lo20 o41 ,oq 
,eo lo20 ,50 .,,.(J 
oBI lo20 ,54 •• et 
,eo lo20 .~e •lo72 
,qz lo20 ,bl ,,H 
,qe lo20 ••• •t72 

lo 02 lo20 o78 •l,ZU 
I, Ol lo20 o85 ,zo 
I,Ol lo20 ••• •• ,2 
l 0 0l lo20 loOq z,•a 
I o05 lo20 lo27 li,U 
loll lo20 lo5Z ZU 1 98 
loll lo20 l,•o ll,bl 
loB 1,20 2o0b 2Z 0 1l 
1,45 loZO ZoOT u,qg 
lo5b lo20 ,, .. 15,•o 
lob~ lo20 lobl l•o 0 I ,, .. lo20 lo40 1Zo08 
lo TO lo2o lot~ 10,44 
1,,. lo20 ••• 8,9] 
1,,. lo20 ,e. 7o17 
lo]q lo20 • 70 •·12 
loll lo20 obi •• o. 
lo05 lolO ,5, 5oQ] 
,ee lo20 ·" So04 
oT4 lo20 ·•1 4o85 
,u loZO ••• ... , 
•• o loZO ,u .. , . 
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CA~lLI..E IJF'Ull,O Kr..OTS (AP~~CJW,) fniU, N, ~lLtS (APpRQX,) 
tt:.~.JlRAL. l"'ioif.::iSuJ.l:t. & (b,7l It.., HG, PERlPHE.IHL. PRlSSURE a zq,qz lN, MG 1 

RADIUS TC ~.lxlMtJ11 ... 1~0 • Ct;,Q ""•"'• 

TRANSLATIO' >PofO • lloO "'OTS 

SOTTO• fOICT!ON fACTDH • oOOlO 

Cl • 201,0 

T I•E 5f. Tl.,l~ HTUP TOT, ,. INC 
I HOURS) X•CC.,.P • Y•CO"'P, St: Tll+-' 

IP 0 l IFTol "To) 

lo 00 • 7• .15 , e• 
2,00 ,t-O • 2~ . ~· l. 00 . "" . ·~ •• 2 
". 00 oll ·"' ··~ s. 00 ,18 • 7~ ·"" b' 00 •• 00 .•l ,•J 
7. 00 •,2b t. oq • 8) 
t~.oo - ,«;l 1 '2'~ • 71 
Q. 0~ •,141 I ,l• .~2 

tn.oo ·1·2" ,,~d .2. 
llo 00 •1. 7~ I, •7 .,('\Q 
I<, 0 0 ·2. 2• "7q ·,5o 
!}, oo -1, c.s 1 ,qo •I oll 
\4. oo -1.5~ ?,OJ •t ,IJo 
l~oOO .), 70 2. t 0 •J,IJLI 
lf;l• I 00 -"·2b ?. ?(j •2.01 
17. oo .u. l)b ? '.JC •2. ]b 
I~, 00 • .:; I "j ,2. Ll3 •2 ,sq 
1 q, 00 .. s .5o 2 ,'31..1 •2.•5 
20. oo ••• )3 2· f-q •] ,1:-LI 
21o 00 • p. 'cq 2 ,QO •Sob I 
22 .oo .,(,I I QIJ 3 ·1 b •1. 7Q 
2), 00 •T, b~ ] I 7C •l.•s 
2U • 00 •1 0 ·1" u. 22 • .,, qz 
25.00 1·72 1.1 'CjW bt 27 
lboOO 21·~2 z, 58 2U, 3q 
l!, 00 1a.~~ loll I• .78 
2e, oo p,u7 • ~i! 18,00 
2q .oo 1,. t\C ,ol I~ ,J• 
lO. 00 1 \, LIO •• t" 13. ?5 
3 lo 00 I 0, TO •• 2b 1 o, •z 
32.00 q. 20 •• uc e.~" 
ll. 00 1. 78 .. "~ 7.23 
31.1, oo f\,lj() ••• 7 r; .~6 
lS, 00 s, ue •• 77 "• 71 
3b. 00 u, t-.7 -.~2 3, 85 
:n,oo 3 ,q! •• P.l loiS 
)8 .o 0 !, /.IQ •• 75 2. 71.1 
l•. 00 ), 0~ .,tot! 2. 3'1 
1.10. oo 2oPl •• btl 2o23 
lit,oo 2. 78 • ,t;b 2.U 
Ul, 00 2 ,.,, .,ub 2 tlli 
•l. oo 2 o10 •,1.11 z,zq 

•1~0 o 12~,0 M!IHR, 

!~!T!A~ A!U • 1,20 FElT 

wiND STRESS CORRECTION FACTOR o 1 0 00 

cz • 106,0 o • ~zeo,o 

olST, T!Ol !N!T!A~ •ATlR PRESSURE TOTA~ wATER 
~~·n• ~EVE~ SETuP ~EVEL 

"T' -~·) "T ol l'!ol (FT, MLW) 

loo• lo20 ,2• loU 
.•2 1.20 ,25 lo2b 
,8 • lo20 o2T loU 
,eo lo 20 o28 loll 
,8) lo20 .z• lo28 ••• lo20 olO lolT 

lol 0 · 1· 20 oll S.'"' loZ8 t. 20 .n loH 
lo•z 1 ,2(1 ,). )•'"~ 
lo •• 1.2o ,)b ltlG 
1 ••• lo 20 ,37 z, •e 
1,GO loZO ,)9 z,uc, 
1,27 lo20 '•I lo 75 
loiO lo 20 •• l loll ,.5 1.20 •• s o8b 
,eo t.2o ,OT ,so 
,eo I• 20 ,so ol• 
,81 lo20 .~. • • 0~ 
,eb lo?O ,se •• ll 
•• l lo 20 obl .,tt& 
,qe lo20 ••• •2.74 

loOl 1t20 , re loll 
loOl lo20 ,es .,ee 
lo Ol lo20 ,,b .z. 71 
loOl lo 20 t. 0 q '• ~e 
lo05 lo20 lo2T ll ,ql 
loll t.20 t.52 llobl 
loll lo20 t ,qo UolO 
loB lo20 loOb lO ,qJ 
lo q5 lo20 loOT IT·"' 
lo5b lo 20 t,qu l~ol2 
1 •• ~ lo 20 lobl !loll 
loU lo 20 1 ,uo llo51 
lo10 lolO I ole ,,.q. 
'··" lo 20 ••• &,54 

'·"" lo20 ,8. 7 tMl 
I on loZO • 70• .,uo 
loll lo20 obi ,, 7& 
loO~ t.lo ,55 SolO 
,ee lo20 o51 o.&i ,,. loZO •• 7 "·•l ,u lo 20 ••• "·"· •• o loZO ,., •• u 
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CAMlLL[ VF•ll 1 0 I'(~OTS (AP~IofU)(,) ~·l~, ~, MlLt:.S (APPRO)(,) 
Ct.-..THAL PHt.SSUR~ • Z0 1 7l 1N 1 HG 1 Pt.RlPHER41,. PRE.S:!IUJ.ff' a Z~ 1 '12 1~, t'IG, 

TRANSLATION SPHD • 13o0 ~•OTS 

BOTTO• 'RICTIUN ,ACTOR • o00)0 

Cl • ZOloO 

TIME 8!!UP St TUP TOT, "'1~0 
CMOURS) k•r.o~P. YotO•P, 8FT UP 

CH,l OT,) cn.l 

t. 00 ,bb ,I) ,eo · 
2' 00 .~· ,27 ,eo 
lo 00 'uz ,u I ,B) 
". 00 ,H .~7 .~. 
~. 00 • t. ,u ,ee 
b. 00 •• 00 ,8b ,eo 
1o 00 • • z~ loO I .17 
8. 0() .,~.~e lolb ,o8 
'l,t'O •,7q lo10 ,'it 

I o, o 0 •loll loU) ,lz 
lloOO •le':Sd ,,so •,Oil.! 
IZoOO •l, ns 1 1 bH • I :J7 
llo 00 •2, 71 lo 79 .. ,qz 
t u. 00 •3. t q le'~l •1,29 
I SoOO •3 t2ti 2, Ol •J 1 ZU 
lbo 00 •l,7t1 2oll •lobS 
lloOO •/Jell ?.t q •t,qz 
18oOO ... u,:H z ,zq •2,01 
1 Q,Q(J •U 1 1Z ? • uo •2 .lt? 
20.00 .. .,.~~ 2,1)1.1 •2. 71) 
Zlo 00 .,b, OH z. '" •3,}1.1 
ZZoOO .. 1,Jl J, 01.1 .. ~.~.oa 
2),00 •12.2') 3,1.1b .a, 7Q 
z~,~, 00 .'j,}t) ],QJ •1·"~ 
z~.oo • ,';1 ",17 3,1'1 
lboOO ;to')' O'J 2 ,uu u.~o 
lloOO 17 ol5 loll I~, 32 
28 oOO lb ol) .~z tt.. bl.l zq,oo 1 s ,o5 0 0b 15 oil 
)DoDO 12,\~ .,, 0 12,25 
llo DO q,eu w 1 ?.l 9,~ I 
12.00 8,50 .,]6 a,,~ 
H,oo 7,1] .,u9 b,bu 
lu, oo 6, no • ,t.O ~. ]Q 
l5, 00 s, o I •• 70 Q I ]Q 
lboOO u,zt» .,1!:J loS I 
llo DO 1,62 .,,., 2t6b 
)8. 00 3,18 .,10 2,ue 
]Q. 00 ?. .~o .,," Z,IS 
uo. 00 2 ,lljb .,'57 ZoDI 
UloOO Z,51 • ,5l z,oo 
uz,oo Z,l9 • ,ub loH 
0],00 z, ·~ .,3'1 l,O! 

•I•D • lo!5o0 "IIMR 0 

I•ITIAL Rlif o 11 20 'EtT 

WIND ST•Eas CORRfCTION "CTOR o 0 90 

CZ • IOb,O t) • 5i!80o0 

AST 1 TIDE INITIAL •AHR PRE88URr TOTAL .. TlR 
L! VEL I ,IJP.I ~,. TIJO LEVEL 

HI, •L•l cn,l CH,) CFT, •L•l 

I ,ou I o20 ,&!1.1. J,ze 
,92 I ,zo ,zs lol8 
,eu I ,20 oZ1 ltl" 
, eo 1,20 oZft lol U 
,e) t. 20 o29 s,zo 
,9u lo 20 ,)0 lolO 

lol 0 lo 20 oll ],]9 
lo28 lolO ,H 3, "" 
1, •z t.i!O ,lu 3,«~1 

'•"" lo20 olb ),]. 

1. "' loiiO ,}1 ), 05 
l,uo I o20 ,]9 z,u 
lol7 loZO 'u I &.Qtl 
I o1 0 lo20 • q] 1·"" ,95 loZO • us lol5 

,8u lo20 'U! ,eb 
,eo lo20 .~o ,5e 
,e 1 1 ,?o ,so 

·" 1 ,e. loZO ,se ,)2 
,92 lo20 ,ol ,oo 
,9e loZO ob9 .,q1 

loOZ lo20 ,78 •t,oe 
1,0] lo20 • 85 .-;, '71 
1,0 l lo20 ••• lo!U 
lo Ol lo20 lt 0'1 loll' 
I, 0~ I ,20 I oZ7 lo,OZ 
loll I ,zo lo~Z U,15 
I oZ I I oZO lo90 zo,QIJ 
loll loZO ZoOb 19,70 
I ,os lo 20 2,07 lb,q! 
I,H I ,zo s.q" I ~,ll 
lob~ loZO lobl ll,bl 
lobq loZO ltUO 10,91 
1, 70 I ,zo · lol e 9 1 aft 
lobO loZO ,qq 8 ,, .. 
lo5• loZO ,e• f,QCJ 
l,l, I ,zo • 70 ··" loU lolO obi s,~z 
1, 05 loZO .~s "•'' ,ee loZO oSI u,5, ,,. loZO .~1 a,as .. ~ I olO ••• M,2Z 
•• o loZO .~z .. ,, 
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SUMMARY O' OPfN COAST STORM SURGl PROBL.EM 

CAMILL~ VF•IJoO ~NOTS (APPRUX,) Ro2q, N, MILlS (APP~OXol 
ClNTRAL PRf.SSURE • 2bo 7l IN 0 HG 0 P~RIPHEHAL. PRlSSURr a 29,92 IN 0 HG, 

T•ANSLATION SPlfO· • lloO ~NOTS 

BOTTO• 'RICTION 'ACTOR • 0 0010 

Cl • lOl,O 

T IMl S!TUP Sf TtJP TOT, •I NO 
(HOURS) X•CO""P I Y•COIIIIP I 8UUP 

CFT,l C ~ T ,) cn.J 

lo 00 .~9 ,12 , 1 I 
2. 00 ,•e ,2• • 12 
lo 00 ,H ,H ,7. 
~ ,oo ,n • 51 • 78 
5. 00 ,IS .. ~ ,eo 
btOO •• 00 • 19 • 79 
7. 00 ··21 ,91 • 72 
B, 00 • 1 lU 1 .• 07 ••• 9. 00 •• 70 1,20 ,so 

I o ,oo .,q'l t. SJ ,Jq 
llt 00 •I. 40 t ,45 .o~ 
12o00 "lt ~2 1.~7 •,Zb 
lhOO .z,~.~o lob 7 •,71 
14 tOO .z.~t tfT6 •t,ol 
IS, 00 .2,A7 lo 90 • ,qe 
I•· 00 .3dO '·"~ •l.l2 
17.00 .l,I;S8 2. 0~ •1e5l 
18 .oo .l. 7q 2.15 •ltb4 
19oOO .u,oa 2,25 "t. 61 
20 oOO .1.1,'5~ z,lb •2,tb 
21• 00 .. 115,11 2. ~7 •2,'54 u. 00 .. '5,61 2,8~ •2,1b 
2Jo00 ,.b, ll 1.2~ •l,o7 
20 oOO •bel 0 l, 71 •?.,17 
2~ .oo • ,71 q,ll l,•o 
21>, oo lfto ol 2,10 20,H 
27.00 15,70 lo.ll lb, 81 
28,00 JU 1 7J ·" 1 ~.2~ 
29,00 Jl, Tl 0 10 IJ, ftl 
30 ,oo llolb "• os llo21 
llo 00 e,qb ",16 6, 1.6 
lloOO T, 72 • ,30 . 7 o•l 
llo 00 "• a e. .,al t:t, 04 
)q, 00 S,qJ ··fj" a,eq 
JS,oo q,H •,til, J ,eq 
lboOO }, "'~ .. ,b8 lolb 
l7. 00 1,~b • ,b«~ loST 
l6o 00 2 ,6b "•&'~ 2,22 
Hooo z.~z ~.e.o 1,9l 
•o o oo loll .,5'1 I. 16 
q lo 00 loll • ,50 lo77 
OloOO Zol U .,411 loTI 
UoOO lolO .,11 lo8U 

WIND • 12~,0 MI/HR, 

INITIAL RIH • 1,20 HfT 

WINO STRfSS CORRECTION FACTOR • ,80 

Cl • IOb,O CJ • ~280,0 

AST 1 T IDl INITIAL •ATlR PRrSSURl TOTAL. WA HR 
LEHL LfVlL Sl TUP UVEL. 

"1' ML•l crT, J cn,J en, •L•J 

l.o• lt?.O ·2" lo19 
,92 lo20 ,25 J,oq ,a• lo20 o27 J, 05 
,eo lo20 ,28 3 0 0S 
,83 1.20 ,29 1,12 
,9q lo20 ,JO loll 

loiO lo20 oll loll 
lo28 lo20 ,n lollS 
lo•2 loZO ,]II l·"' 1 ,u9 lo20 olb lo 38 I, q9 lo20 ,}7 loll ,, .. o lo20 ,19 2o1l 
1,27 s.zo ·"' l.l~ 
1,10 lo20 ,ql lo TO 
,9~ lo20 .. ~ loH ,e• ltlO ,q7 lol9 
,eo lo 20 .~o ,97 
,81 lo20 .~· ,90 
,8b lo20 .~8 • 81 
,92 lo20 ,bl .~9 
,98 lo20 ,.9 ,)J 

loOl lo20 • 78 ,zq 
1 0 01 lo20 ,as ,oo 
loOJ lo20 ,9b ,62 
loOl lo20 lo 09 •• 11 
1,05 lo20 lol? 2Jo8b 
loll lolO lo~2 lO,bS 
loll lo20 toqo I q .~~ 
loll lo20 2, Ob te,uz 
loU~ lolO 2o07 l~ou 
loSb lo20 lo9U ll 0 U8 
lo65 lo20 lo6l 11,,o 
s.e.~ lo20 loUO IOoll 
lo 70 loZO lol8 8,97 
l·•" lo20 o99 7 o1l 
1,su lo20 ,a• 6o7• 
1,]9 lolO • 70 s,e~ 
loll loZO obi ,,u 
1,os lolO .~5 u,72 

o88 loZO oSI "·:s• • 7• lolO oq1 Uol' 
0·~ lolO ··" lloOI 
•• o lolO iU •oo• 
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APPENDIX B-5. HURRICANE CAROL, NARRAGANSETT PIER, RHODE ISLAND 

SUMMARY OF OPEN COAST STORM SURGE PROB~EM 

CARO~ VF ~ 33,3 K"'OTS R = 25, N, MI~ES 
C~~TRAL PRESSUR[ ~ 28ob9 I~. Hl>o P~RIPHERAL PR~SSURE = 29,92 IN, HG, 

RADIUS TO ~AXIMUM ~INO • i!SoO N,M, MAXIMUM WINO a '15o0 MI/I'IRo 

TRANSLATION SP~ED ~ n.:s KI'<OTS INITIAL RISE • ,so ~EET 

BOTTO~ fRICTION FACTOR • ,0030 ~1"10 STRESS CORRECTION FACTOR • 1 o1 0 

C1 • 203,0 C2 :a 10b,O C3 = 5280,0 

TIME SfTUP SETUP TOT, •I~D AST, TIDE INITIA~ wAHR PR~SSURE TOTAL WATtR 
(HOURS) X•CO~P, Y•CO~P, HTUP ~EVE~ LEVEL SETUP LEVE~ 

(fT,) (fl,) nro> (FT, Mt_W) (FT') en.> en. Mt.w> 

1.0 o ,n4 ,Ob ,I 0 ,oo t,zo • t 1 loU I 
2o00 ,oo ,12 ,!2 .. ,20 1,20 .12 1oi!5 
3o00 •.oo ,18 ,!6 ,to 1,20 ,Ia 1ob2 u,oo -.01 ,21:1 ,27 ,ao 1,20 olb 2o03 
s.oo .or ,46 ,55 ,'10 1,20 o19 z,eu 
boOO o30 ,79 !,0'1 t,'lq 1,20 .23 4o51 
r.oo lot a I, 20 2,38 3,10 1,?0 o2'1 b,'lb 
e.oo 2o3V !o21 3,50 l,'lo· 1,20 ,ao 'l,oo 
'loOO 2oA3 .so 3,33 u,oo 1,20 obi. 9ol4 

10o00 2,5.S -.71 lo82 l,&o lo20 ,87 7,ue 
llo 00 loll'< •2.10 •,22 2,1o lo?.O ,b3 "·11 
12o00 lol'l •3,21 •?,02 lo50 loi!O o41 l,o'l 
lloOO ,57 •3,4b •2,88 ,To 1,20 ,:sa ... 1>5 
tu.oo ,29 -2,'11 •2,b2 ,lo 1,20 o27 ~.e& 

.15. 00 .to •2,22 -?.~07 ,a~ l,?.o ,22 .. ,za 
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C.AROI. yf'a 33 1 5 ~NOTS R • 25 1 N1 MJI.ES 
CtNTRAI. PKESSURl • Z8ob9 IN, HG, 

RADIUS TO ~A~IMUM WIND R c5 0 0 N0 M1 

THANS~ATlON SP~ED : 53 0 3 K~OTS 

BOTTOM FRlCT!O~ FACTOR • ,0030 

~IND : '15 1 0 MI/HR 1 

INITIAl. RISt • 1 50 ~tlT 

~IND STRESS CORHlCTION fACTOR 2 10 00 
Cl 11 203,0 CZ • 101> 0 0 C3 = 5280,0 

TIME 5!' TUP S!TUP TOT, ~INC AST 0 TID! I~IllAL WAHR PRESSUR~ TOTAL wAHR (HOURS) ~-co><P, Y~COMP 1 SETUP I. F. HI. LtV~L Sl TUP LEV~L In,) nr ,, I~ T,) (Fl. MLW) ( ~ T ') ,n,) 1FT, MLW) 

I .oo ,05 ,Oo ,0'1 .oo 1,20 ell loUO z.oo ,on .II oil •,2o 1,2o oiZ lo2U 3,on -.no ,16 o1 b ,to lo20 .1 u lobO u,oo •,01 ,2b .zs ,40 I oLIO olb 2o01 s,oo ,ry7 ,u3 .so ,<~o lo20 ol'l 2o7'1 boOO ,27 .72 1. 0 0 t,'lq 1,20 o23 UoU1 7,00 1.07 lo09 2.!7 3,10 1,2o ,zq bo7S e,oo 2,0'1 loll 3,?0 J,'lo lo20 ,uo 6,70 q,oo 2,58 ,u7 3,05 u,oo lo20 ,bl 6oBb IOoOO 2,30 .,b3 1,b7 J,t.o 1,20 ,67 1o3U II• 00 1,7o •\,Qb ~ .1 Q ~.7o loi!O ob3 u,n 12.00 I, Od •2,'13 •1,85 1,50 1,20 olll lo2b 13t 00 ,52 •3.21 •2,6'1 ,7o lo20 ,311 ... uo llloOO ,?.b •2.7~ •2.~6 ,lo lo?.O .27 •o71 15o00 ,Ill •2.10 •l,'lb ,uo lolO • .?2 .. ,13 

SUMMARY OF OPEN COAST STORM SURGE PROBI.EM 

CAROl. vF • 33 1 3 KNOTS R • 25, N, MJI.ES 
CtNTRAI. PKESSURl • 28,69 IN, HG, PERIPHE.RAL PRlSSURE c zq,qz I~, HG, 

R~DlUS TO MAXIMUM wiND R Z5o0 1>4,1'1, MA~lMUM ~IND a '15,0 MI/HR 1 

TRANSLATION SPE.ED : H,3 K~OTS INITIAl. RIS~ • ,so H.lT 
BOTTOM FRICTION fACTOR • ,0030 ~lND STRESS CORRtCTION fACTOR • t,oo 

Cl 11 205,0 C2 • 101> 1 0 C3 • 5280,0 

TIME SfTUP S~TUP TUT, •I~>;D AST, TIOt I~ITIAL WAnR PRESSURE TOTAL ~AHR 
(HOURS) ~-COMP, y,.COMP 1 SETUP I.F.Y~I. LtV~ I. H TUP LEV~\. lf'T,) I~ T,) CPo) (Fl. MLW) HT,) nT ,, 1n, ML.W) 

loOO ,ou ,Ob ,oq .~o 1,20 oil t,ao 
2,00 ,oo ,II oil ... ~o 1,20 oli? lo24 3,00 ... oo. ,tb olb ,lo 1,20 oiU lobO a,oo .. ,ol ,2b ,2!1 ,ao t,?.o olb ?,01 !>,00 ,07 ,43 ,so ,'In loi?O ,I 'I 2,7q 
boOO ,27 ,72 l,oo 1,'1'1 1,20 ,23 /J,42 
1o00 t,Ob I ol 0 2ol7 l,to 1,20 ,2q ,,76 
e,oo 2,12 loll 3,23 J,<~o I, ?.0 ,uo R,13 q,oo 2,1>2 ·"' 3,oq a,oo 1,20 obi R,'IO 

IOoOO 2,35 .. ,t.a 1.11 3,bo 1,20 ,67 1d6 
lit 00 11 M •l,qb •, I b 2,70 loi!O ,ba Ud6 
12o00 It! 0 ~z,Qa •1,611 t,so lo20 ,42 I ,26 13o 00 ,53 ~3,22 •2,b9 ,7o I, 20 ola .,as 
l4o00 ,27 •2,75 •2,46 ,lo 1,20 ,27 -.11 ISoOO ol~ .. 2,10 •l,9b ,40 1,20 ,2<! •o13 
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SUMMARY OF OP~N COAST STORM SURGe PROBLEM 

CAROL Vf : B..S KNOTS R "' 2S 0 "· ~ JL.ES 
CENTRAL PR£SSURt : 26,&9 lN 0 1'11# 0 PtR1PHERAl PRtSSURt = 2'1,92 IN, HG 0 

RADIUS TO MAXIMUM ~IIIID "' 2So0 N0 M0 MAXIMUM ~IND ; .... 'IS,O M1/HR 1 

TRANSLATION SPfeO a Hol KNOTS INITIAL RISE = ,so FHT 

BOTTOM ~RICTION FACTOR c o0030 wiNO STRESS CORRECTION ~ACTOR " ,90 r 

Cl = 203,0 C2 "' 101> 1 0 Cl "' '3280,0 

.. 
TI11E SETUP snuP TOT, ~IND AST, TIDE INITIAL WATER PRfSSURt TOTAL •ATtR 

(HOURS) X•COMP, v~co~P, SETUP LEV~L LEVtL StTUP Lf vtL 
(fT.) ( ~ T ') (fT o) ( F T, "'L~) en.> 'n, > (FT, ML~) 

I, 00 ,Ol ,os ,06 ,oo 1,20 oil I,H 
2,00 ,oo ,\0 oiO •,20 1,20 ol2 1,23 
.s,oo .. ,oo ,!5 o15 ,In l,?o ,14 1,~'1 
~.oo -,01 ,23 ,22 ,ao 1,20 olb I ,'18. 
s,oo ,oo ,H ,a') ,<~n 1,?.0 o\'1 i?. 711 
boOO o2S ,b~ ,'10 1,.'1'1 1,20 ,21 4, !2 
7o00 ,'17 ,'1'1 lo'll> l,to l,?o. ,2'1 o.~~ 
8oOO lo'll 1. 01 2. '12 3,<~n 1,?0 ,40 8,4?. 
<l,oo 2,3b ,44 2,80 a,oo 1,20 obi B,b\ 

\OoOO 2ol2 "',so lo':>b 3,bn 1,20 ,87 7,2?. 
lloOO I 0 b2 -I 0 71> Po\4 2,7n 1,20 ,ba 4,40 
12o00 ,'1'1 ~2,bb PI ob7 I,Sn 1,20 ,42 t,ao; 
n,oo ,46 •2,'11> .z,aq ,7n 1,?.0 olU •,c'o; 
14o00 ,24 .. ?,,57 •2, 33 olO 1,?0 ,<!7 -.o;b 
l':>oOO o\3 •1,'18 P lo84 ,uo 1,20 ,22 •,02 

SUMMARY OF OPE ill COAST STORM SURGt PROBLEM 

CAROL VF : Btl KIIIOTS R : 25, N, ~ILE.S 
CE~TRAL PRtSSURE a 28,bq IN, HG 1 P~RIPHERAL PRESSURE = 29,'12 IN, HG 1 

RADIUS TO ~AXIMUM Wl~D = 25oO N1 M0 ~'~AXIMU~ ~IND c qo;,o Ml/HR 0 

TRANS~ATION SP£fD c Hol K~OTS !"'ITIAI. RISE a ,so fEI:.T 
BOTTUI'I FRICTIO~ rACTOR z ,oo:so •I~O STRESS CORRECTION FACTOR : ,ao 

Cl = 203,0 C2 a 101>,0 C 3 a 5280,0 

TI~E. SfTIJP S~TLJP TUT, .-I'ID AST 0 TlOt I~ITIAL WAHR PRESSURE. TOTAL •AHR 
(HOURS) x-co~P, V•COMP 0 StTUP LEVEL LI:.VtL S~TUP LEVEL 

CP,l nT,, Cf To) (Flo Ml,.w) ( F T, l (FT ol en, ML•) 

lo 00 ,nl ,0':> o07 ,oo 1,20 oil I, 5'1 
2,00 ,oo ,0'1 0 0<1 •,?.n l,i'O ol! lo21 
loOO -,oo oil oil ,In I ,20 o14 lo57 q,oo •oOI ,21 .20 ,ao ,1,20 olb \,9b 
o;,oo ,os ,15 ,ao ,<~n 1,?0 ol'l 2,6'1 
boOO ,22 ,s6 ,eo !,'lo 1,20 ,23 a,22 
7o00 ,8b ,86 lo 75 J,lo lo20 o2'1 t.,H 
6oOO lo70 ,'1\ ~obi l,'ln 1.20 ,40 ~.to 
<l,oo 2oll ,at 2,';\ a,oo 1,?0 obi II, 1c? 

IOo 00 I ,II~ "'•"l:l lo40 l,bo lo20 oll7 r.nr 
IIi oo 1, au . •lo';~ • oil 2,70 lo20 ob4 a,a5 
l2oOO ,1\8 •?.,37 •l•"q t.~o 1,20 o42 l,~:s 
lloOO ,uz -2,&'1 •2o21 ,70 1,20 ,:sa •,03 
ta.oo .21 ·2,5~ ·•2ol7 ,,n 1,20 ,21 :"o40 l';oOO o!2 •1,64 •lo72 ,4o lo20 ,<!2 ,!0 
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Pararas·Carayannis, George 
Verification study of a bathystrophic storm surge model. Fort 

Belvoir, Va., U.S. Coastal Engine!"ring Research Center, 1975. 

248 p. illus. (U.S. Coastal Engineering Research Center. 
Technical memorandum no. 50). 

Bibliography: p. 132-136. 

Verification of a bathystrophic storm surge numerical model is 
presented. Historical hurricane data from traverses on the gulf 
and east coasts were used to calibrate combined values of Hind 
and bottom-stress coefficients in hydrodynamic equations for a 
numerical computation. 

1. Hurricane data-Data processing. 2. Coastal engineering. 
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