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A user's manual was developed for the W-line numerical sediment transport model by 
the Coastal Engineering Research Center ( C E R C ) .  This report provides the necessary 
guidance, complete with multiple example applications which include model input and output, 
for using the N-line nwnerical model. Capabilities of the model include the simulation of 
(a) single or multiple shore-perpendicular structures, (b) single or multiple detached 
offshore breakwaters, and (c) disposal of material or dredging of material in the coastal 
zone. Model parameters are discussed in order to guide the potential user to a successful 
application of the model. 

-The N-line model is versatile, easy to use, and capable of producing dependable 
results when used for appropriate applications. The documentation presented in this manual 
is intended to cover only the breakwater subroutine, Since conceptual modifications were 

(Continued) 

DD FORM 1473,84 MAR 83 APR ed~rion may be used until exhausred S ~ C ~ R I T Y  CLASSIZICATION OF '41s PAGE 
All other edltlons are obsolete 

Unclassified 



Unclassified 

( 18. SUBJECT TERMS (Continued). I 
Numerical model User's manual 
Sediment transport Wave refraction/ 
Shoreline evolution diffraction 

19. ABSTRACT (Continued). 

not made to the original model, the original documentation, presented in CERC's report 
MR 83-10, should be obtained by any potential user of the model. 

The N-line model is useful in showing qualitative trends for a complex case such as 
Lakeview Park, Lorain, Ohio. Some of the drawbacks of the program when modeling Lakeview 
Park, such as the inability to reach an equilibrium shoreline, and the low sinuosity of the 
shoreline when influenced by breakwater segments, could possibly be successfully modeled by 
modifying the different input parameters, such as the ADEAN parameter and/or initial shore- 
line location and/or the model code. Perhaps then a quantitative verification of the model 
could be made. However, in this case, the model would have then been tailored to produce a 
previously known result. 

A project cannot be successfully modeled without experimenting with different time- 
steps, space-steps, contour depths, shoreline locations, and structure configurations, A 
wave climate representative of the area being modeled is also very important. Finally, the 
response of the model to a particular setup must be interpreted with engineering judgment. 



PREFACE 

This study was authorized as a part of the Civil Works Research and 

Development Program by the Office, Chief of Engineers (OCE), US Army. The 

work was jointly performed under Work Unit C31551, Numerical Modeling of 

Shoreline Response to Coastal Structures, which is part of the Shore Protec- 

tion and Restoration Program and Work Unit C31232, Evaluation of Navigation 

and Shore Protection Structures, which is part of the Coastal Structure, 

Evaluation, and Design Program. Messers. 9. H. Lockhart, Jr., and 9.  Mousley 

were QCE Technical Monitors. 

This guide was developed to make the N-line model, developed for the 

Coastal Engineering Research Center (CERC) by Mr. Marc Perlin and 

Dr. Robert G. Dean, of the Coastal and Offshore Engineering and Research, 

Inc., Newark, Delaware, available in an easy-to-use-and-apply format. This 

has been accomplished by providing detailed examples demonstrating appropriate 

model applications. Each example includes a listing of the model input param- 

eters and a complete output file for user comparison. The model includes an 

interactive input data generator for fast and easy application of the model. 

Program listings are provided in the appendix of this report. Magnetic tape 

copies of the code can be obtained by contacting the Engineering Computer 

Programs Library Section of the Technical Information Division, US Army 

Engineer Waterways Experiment Station (WES), Vicksburg, Mississippi. 

This guide was prepared by Dr. Norman W. Scheffner of the Research Divi- 

sion, CERC, and Ms. Julie Dean Rosati of the Engineering Development Division, 

CERC. The report was prepared under the direction of Dr. James R. Houston, 

Chief, CERC, and Mr. Charles C. Calhoun, Jr., Assistant Chief, CERC. 

COL Allen F. Grum, USA, was the previous Director of WES. COL Dwayne G. 

Lee, CE, is the present Commander and Director. Dr. Robert W. Whalin is 

Technical Director. 
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CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF MEASUREMENT 

Mon-SI units of measurement used in this report can be converted to SI 

(metric) units as follows: 

cubic yards 

degrees (angle) 

feet 

inches 

To Obtain 

cubic metres 

radians 

metres 

centimetres 



A USER'S GUIDE TO THE N-LINE MODEL: A NUMERICAL 

MODEL TO SIMULATE SEDIMENT TRANSPORT IN THE 

VICINITY OF COASTAL STRUCTURES 

PART I: INTRODUCTION 

1. The US Army Engineer Waterways Experiment Station, Coastal Engineer- 

ing Research Center (CERC), presently supports a general use numerical model 

for simulating sediment transport and bathymetric changes in the coastal 

zone. The original report, "A Numerical Model to Simulate Sediment Transport 

in the Vicinity of Coastal Structures" (Perlin and Dean 1983), detailed an 

N-line model developed to simulate the effects of single or multiple, equal 

length groins and/or offshore dredged material disposal on the shoreline 

location and the local bathymetry. These changes are the resu1.t of wave 

action from an offshore wave field of known period, height, and direction. 

Subsequent enhancements to the model include the effects of single or multiple 

detached breakwaters; the capability of handling multiple unequal length 

groins; the capability to specify an initial nonstraight shoreline; and the 

addition of a separate, user-friendly program to generate input data files for 

the N-line model. 

2. The purpose of this report is to provide a user's guide for applying 

the model to specific cases of interest. Theory of the model, with the ex- 

ception of the breakwater subroutine, is not covered in this report. Those 

details can be found in the program documentation (Perlin and Dean 1983). 

This report includes (a) a description of the capabilities and limitations of 

the model, (b) a brief documentation of the breakwater subroutine, and (c) de- 

tails on how to apply the model to specific cases. Since the intent of this 

report is to provide a potential user with enough guidance to properly use the 

model, specific input and output listings for detailed applications of the 

model. This approach will allow the user to become familiar with generating 

data and running the model are given. The sample output is provided as a 

check to verify that the model is producing the correct results for a given 

input condition, This ~ 0 k u t i ~ n  also is valuable for comparison when the model 

is run on different computer systems. Finally, a listing of the model and the 

data file generation program is provided. Appendix A provides example input 

and output, while Appendix B provides the program listing. 



PART 11: CAPABILITIES AND LIMITATIONS 

3. The intent of the N-line model is to provide the user with a tool to 

adequately predict the effects of modifications to the coastal zone if certain 

criteria are met. For example, the model was developed for specific appli- 

cation to coastal areas that are predominately influenced by waves and that 

are not characterized by complex bathymetries such as offshore bars, barrier 

islands, or deep and/or irregular channels. Areas of this complexity require 

more sophisticated, expensive, and difficult-to-apply numerical models. Phys- 

ical models may even be required in some cases. The M-line model may, how- 

ever, provide adequate results even to relatively complex areas if the user is 

aware of the limitations of the model and interprets the results with these 

limitations in mind. Incorrectly used, this model, as with any model, can 

yield erroneous results that must be recognized as resulting from poor input 

data or from an application to a situation beyond the capabilities of the 

model. It is the modeler's responsibility to correctly use and interpret the 

results of the model. 

4.  The limitations of the N-line model that restrict its applicability 

are a result of the basic formulation of the model. Certain physical pro- 

cesses are not accounted for in the governing equations. For example, the 

model simulates refraction and diffraction, onshore/offshore and alongshore 

sediment transport, and conservation of mass resulting from a known wave 

field. The model does not simulate tidally induced velocities and water 

levels nor does it simulate wave-induced currents and setup/setdown. The 

assumption that these complex effects are minor in comparison to the wave 

field allows for a simplified set of governing equations that result in a 

model which can easily and economically be used as a design tool. Cases in 

which tidal and/or wave-induced effects are significant require the use of 

additional governing equations resulting in a highly complex numerical model 

which is both difficult and expensive to apply. The purpose of the N-line 

model is to provide the user with a tool for the prediction of changes in the 

primarily wave-dominated coastal zone. 

5. The distinction between an appropriate and inappropriate application 

of the model is difficult to define since certain idealizations and simplifi- 

cations can be made that might adequately represent the physical system. This 

will often result in qualitative results that are useful in determining trends 



or rates of change. In order to make a decision as to whether or not the 

model can be applied to a given situation, the following list of major 

assumptions and limitations of the model must be consulted: 

a, The model is based on an equilibrium beach-profile concept. - 
This requires that the beach profile be assumed to monotonically 
increase in depth in the offshore direction. The relationship 
used in the model is 

where 
h -- depth 
A = Bean's equilibrium profile coefficient 
y = distance offshore 

The entire modeled area is assumed to have this profile. 

b. The offshore boundary condition for the model i.s the specifi- - 
cation of a single wave climate for the entire offshore bound- 
ary. Although this can be changed at each time-step, it must 
apply to the entire length of coastline being modeled. 

c. Shore-connected structures, such as groins or jetties, must be - 
perpendicular to the specified baseline. This requirement is a 
consequence of the computational grid employed by the model, 

d, The model is based on mean sea level and has no provisions for - 
deviations from a mean condition. 

e. The addition of offshore dredged material disposal is made by - 
advancing the appropriate depth contours offshore by an amount 
equivalent to the quantity of material added, Because of the 
limitations imposed by the monotonically increasing depth as- 
sumption, a berm or dredged material island cannot be modeled. 

f. Limitations of the modeling of a breakwater will be covered in - 
the next section, 

6. Several of the above limitations could be modified. For example, a 

separate equilibrium profile could be specified for each location along the 

modeled area, This could be in the form of a spatially variable coefficient 

A , which could be determined from a series of shore-perpendicular profiles. 
Similarly, mean sea level changes could be incorporated in the model formula- 

tion, Assumptions such as the equilibrium profile concept with a monotoni- 

cally increasing depth are, however, basic assumptions of the model and cannot 

be altered, If a particular application cannot be adequately represented with 

these assumptions, the N-line model should not be used, 



PART 111: DETACHED OFFSHORE BREAKWATERS 

7 .  A subroutine was added to the original N-line model described in 

Perlin and Dean (1983) to extend the applicability of the model to include the 
effects of detached offshore breakwaters. This subroutine was developed to 

utilize the computational procedure of the existing model. Certain assump- 

tions and simplifications were made in order to achieve compatibility with the 

basic model, The major simplification is that only the refractive, diffrac- 

tive, and transmissive effects of the breakwater on the wave field are con- 

sidered. The physical existence of the breakwater (e.g*, a small island) was 

not possible due to the N-line model formulation of a monotonically increasing 

depth offshore. The consequences of this assumption will be discussed in 

paragraph 12. 

8. The procedure used for the breakwater computations was to first 

calculate the entire wave-field distribution using the N-line model as if no 

breakwater existed. The effects of the breakwater on the wave field can then 

be determined by adding the diffracted and refracted wave energy vectors from 

each breakwater tip to the previously computed vector components at each grid 

point, If the grid point falls in the shadow zone of the breakwater, the 

N-line-computed contribution is multiplied by a user-supplied transmission 

coefficient. 

9. A more comprehensive description of the computational procedure 

can be made by referring to Figure 1 and to the list of variables shown in 

Table 1. The sequence of events is as follows: 

a. Calculate the breakwater orientation angle (BRKANG), - 
b. Calculate the depth (DEEP&, DEEPR), angle (TWETAL, THETAR), wave - 

height (HLFT, HRT), celerity (CLFT, CRT), and group velocity 
(CGLFT, CGRT) for the left and right tips of the breakwater 
based on a linear interpolation of N-line-computed values. 

c, Calculate the left and right X-coordinate for the shadow zone - 
(XXL, XXR), 

d. Calculate the local contour line orientation (CONANG) and the X- - 
and Y-components of the N-line-computed wave height based on the 
M-line-computed wave angle (THETA), 

e, Calculate the angle from the tip of the breakwater to the grid - 
point (ANG), A separate computation is made for diffraction 
from the right and left tips of the breakwater. 

f ,  Calculate wave height at the local point using the diffraction - 
subroutines included in the N-1-ine model (NTEMPR, HTEMPL), 



I = 1  I ,x  l LFT 1 = 3  IRT  I = I M A X  
1 = 2  

Figure 1. Schematic diagram of breakwater 



Table 1 

List of Variables 

Parameter 
Name 

ILFT(N) 
IRT(N) 
YLFT(N) 
YRT(M) 
NOBKS 
DEEPR( N) 
DEEPL(N) 
HRT(N) 
HLFT(N) 
THETAL (N ) 
THETLL (N ) 
THETAR(N ) 
THETRR(N ) 
XXL(N) 
XXR(N) 
CLFT ( N ) 
CRT(N) 
HTEMPR( N) 

HTEMPL ( N ) 

HTXL(N) 
HTYL(N) 
HTXR(N) 
HTYR(N) 
YLLFT(M) 
YRRT(N) 
DXL(N) 
DXR(M) 
BRKANG(N) 
CGRT ( N ) 
CGLFT(N) 
XXDIST 
HX 
HY 
THETA(I,J) 
Y 
ANG 
ANGJET 
ANGG 
THE 
AMP 
SHADOW 
H( I ,J) 
HB(I,J) 
CONANG 

Used For 

I-location of left end of breakwater 
I-location of right end of breakwater 
Distance offshore to left end of breakwater 
Distance offshore to right end of breakwater 
Total number of breakwaters 
Depth at right end of breakwater 
Depth at left end of breakwater 
Wave height at right end of breakwater 
Wave height at left end of breakwater 
Wave angle at left end of breakwater 
Wave angle used at left edge of shadow zone 
Wave angle at right end of breakwater 
Wave angle used at right edge of shadow zone 
X-location of left edge of shadow zone 
X-location of right edge of shadow zone 
Wave celerity at left end of breakwater 
Wave celerity at right end of breakwater 
Wave height contribution of diffraction from right end of 
breakwater 

Wave height contribution of diffraction from left end of 
breakwater 

X-component of HTEMPL 
Y-component of HTEMPL 
X-component of HTEMPR 
Y-component of HTEMPR 
Y-location used to calculate left edge of shadow zone 
Y-location used to calculate right edge of shadow zone 
X-distance used in calculation of left edge of shadow zone 
X-distance used in calculation of right edge of shadow zone 
Angle of the breakwater with respect to baseline 
Group velocity at right end of breakwater 
Group velocity at left end of breakwater 
X-distance to point (1 , J )  
X-component of H (I,J) 
Y-component of H (1,J) 
Wave angle at 1-,J-location 
Y-distance to I-,J-location 
Diffraction angle from breakwater tip 
Angle from breakwater tip to jetty tip 
Refracted value of ANG at point I , J  
Wave angle at breakwater adjusted for BRKAMG(N) 
Amplitude factor after diffraction 
Zone in lee of breakwater 
Wave height at I-,J-location 
Breaking wave height at I-,J-location 
Angle of local contour at I-,J-location 



g.  Calculate the refracted angle for the wave at the local point 
by using Snell's Law. For this computation, a shallow-water 
wave approximation is used for wave celerity. The computed 
angle is then adjusted to compensate for the local contour 
angle, 

h. Compute the X- and Y-components of the diffracted wave from - 
each tip by using the refracted wave angle (HTXR, WTYR, HTXE, 
MTYL) . 

i, Multiply the X- and Y-components of the N-line-computed wave - 
heights by a shadow-zone factor. This coefficient is equal to 
unity when the point is not in the shadow zone behind the 
breakwater. 

Sum all the contributing waves for each grid point, based on 
conservation of energy, and calculate an effective wave height 
and angle (MYTHETA). For example: 

NOBKS 

NOBKS 

H = $XXXI + I 

THETA = ATAN [(XbXl 

where NOBKS = the number of breakwaters in the modeled area. 

10. The above formulation includes some simplifications that were not 

felt to be significant. These were considered to be justifiable since a rig- 

orous treatment of the process of refraction and diffraction from a detached 

breakwater would require a total reformulation of the N-line model. In view 

of the original purpose of the model, reformulation was not considered 

appropriate, 

1 1 .  The breakwater subroutine does not include a second diffraction and 

refraction of the breakwater-diffracted wave around groins or jetties. The 

program will compute a shadow zone behind each groin or jetty and will set the 

breakwater-diffracted wave components to zero for that area. Since it is un- 

likely that shore-perpendicular structures would be located directly behind a 

detached breakwater, this simplification appears adequate, 

12. The unavoidable simplification of not recognizing the physical 



presence of the breakwater in the surf zone was mentioned in paragraph 7. 

This approach introduces two physical processes which must be considered in 

the numerical model formulation. First, an actual breakwater causes the in- 

coming waves to break, due in part to the decrease in depth in the vicinity of 

the structure. The exact location of the breaking point is primarily a func- 

tion of both wave height and water depth, The model formulation assumes the 

breakwater can be considered as an abrupt barrier so that the wave height at 

the breakwater is equal to the wave height at the location computed by the 

N-line model. This value is used to diffract the wave around the breakwater 

tip, The breaking wave height and depth used in the N-line model for onshore/ 

offshore sediment transport calculations are replaced by the height and depth 

at the breakwater location unless the wave would have broken seaward of the 

breakwater. Values between breakwater tips are calculated by linear interpo- 

lation of heights and depths at the ends of the breakwater. 

13. The second process associated with a real breakwater is that depth 

contours do not cross the breakwater but tend to show a depth decrease shore- 

ward of the breakwater and a depth increase offshore. This phenomenon cannot 

be correctly simulated by the N-line model without making alterations to the 

basic formulation. The solution adopted was to retain the N-line computations 

as if no breakwater existed. This will allow the contours to cross the break- 

water; however, due to the decrease in wave energy inside the breakwater, the 

tendency is for the contours to behave in a qualitatively correct manner. 

This can be seen in the contour plots shown in Part IV. 

4 The simplifications employed in the formulation and solution ap- 

proach of the breakwater subroutine were made in order to achieve total com- 

patibility with the existing N-line model. Consequently, very few changes 

have been made to the original model. Any questions concerning basic assump- 

tions or numerical methods are referred to the program documentation (Perlin 

and Dean 1983), 



PART IV: APPLICATION OF THE MODEL 

15. The primary advantage of the N-line model over more complex numer- 

ical models is that, if applicable to the situation, the N-line model can be 

easily and economically used to simulate the physical problem and to provide a 

great deal of information on two-dimensional (2-D) changes in the modeled 

area. This simulation includes the capability to make predictions on the 

order of several months to several years. Simulations of this order of mag- 

nitude are not economically feasible with more complex sediment-transport 

models. 

16. Application of the model to a specific or hypothetical situation 

is relatively easy, For example, there is no requirement for generating a 

complex computational grid, boundary conditions other than the offshore wave 

climate do not need to be specified, and a minimum of input data is required. 

The following list contains variables that are required. These can be clas- 

sified as the basic model parameters that define the modeled area, and the 

time-dependent parameters that must be introduced at each time-step. A more 

complete description of a majority of the input variables can be found in 

Perlin and Dean (1983). Required variables include: 

a. Basic parameters (see Figure 2 and Table 2): - 
( 1 )  IMAX--The total number of alongshore grid cells used to 

adequately represent the modeled area. The examples in 
Perlin and Dean (1983) and in this report used 50. The 
specification of a total number much exceeding this will 
significantly increase the cost of running the model; 
therefore, some care should be exercised in selecting this 
number. 

(2) JMAX--The total number of computational contour lines 
(Y-direction grid cells) used in the modeled area, Num- 
bers in the vicinity of 8-10 were used in the examples. 
This number will have to adequately define the bathymetry 
in the modeled area by defining enough contour lines be- 
tween the shoreline and the offshore depth defined by the 
variable WDEPTH. The parameter statements in the code 
(see Appendix B) must reflect NI = IMAX + 3 and 
NJ = JMAX + 3 for correct dimensioning. 

(3) WDEPTH--The depth of water, defined in metres (as in the 
original publication), corresponding to the location of 
the input wave conditions. This depth represents the off- 
shore boundary depth contour and is used as a constant 
computational boundary condition. A value of 10 m was 
used in all examples. 



JMAX 
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DEPTH = h = A ~ ~ ~ ~  

SECTION A-A 

Figure 2 .  Schematic diagram of modeled area 
( m w l  = mean water l eve l )  



Table 2 

Card Variables Format Comment 

1 IMAX , JMAX 2110 

2 WDEPTH 10X,F10.3 In metres 

3 CHANGE(N), N = 1, JMAX + 1 10~8.3 

4 NWRITE 110 

5 BERM, SFACE, DIAM 10X,~10.3,F10.4, 
F14.3 

If none exist, enter 1 and 
see next card 

7 IJET, SJETTY I3,F10,3 
One card per structure. If 
none exist, enter any 
location and zero length 

8 ABEAM F10.4 

9 DX, BELT 2F10,3 

10 Y(I,I), 1 = 1, IMAX 10F8.2 

1 1  NOBKS I5 If none, enter zero 

12 ILFT, IRT, YLFT, YRT 10X92110,2F10,2 One card per structure. If 
none exist, omit card 

13 HS, T, ALPWIS, IDDD E5,5X93F6. 1, This card is repeated for 
the desired number of 

I IT time-steps in the total 
s imulat ion. The s imu- 
lation is terminated 
when HS > 50. If dredged 
material is to be added to 
any time increment 
(IDDD = I), the IDREC, 
JDREG, and DREDGE cards 
must be inserted 

14 IDREG, JDREG, DREDGE The dredged material simula- 
tion is terminated when 
IDREG = JMAX 



CHANGE--A one-dimensional array that specifies the numerical 
value of each contour line. For example: CHANGE(1) = 1.0, 
CHANGE(2) = 2.0, CHANGE(%) = 3.0, ... sets the J = 9,2,3,4, 
JMAX.. . + 1 contour lines to be the I-ft," 2-ft, 3-ft, ... 
contour intervals, Note that JMAX a 1 values must be specified 
between a depth of 0 ft (shoreline) and WDEPTH (offshore bound- 
ary). The JMAX + 1 contour is merely a boundary condition used 
in conjunction with WDEPTH to define boundary derivatives. The 
1 - JMAX contour lines represent the computational lines which 
will define the bathymetry of the modeled area. 

NWRITE--The desired frequency of printed output. The model 
provides a complete solution at each time-step. For a I-month 
run at a 6-hr interval, 120 time-steps are computed. If, for 
example, only the weekly values are desired, enter NWRITE = 30 
to print only every 30th output (i.e., 30, 60, 90, 120). 

BEM--A specified height of the berm (see Figure 2). 

SFACE--The slope of the beach face from the berm to the mwl 
(see Figure 2). 

DIAM--The mean diameter of the sediment particles in 
rnillimetres, 

ADEAN--The value of Dean's equilibrium constant. This value 
determines the distance offshore to a specified depth contour, 

y = (h/A) ft; therefore, the values of CHANGE and A must 
produce the proper degree of resolution in the area of interest 
if reasonable results are to be expected. For a given A value, 
an improper selection of desired contour intervals (CHANGE) may 
result in contours located offshore of the area of interest. 
For example, a 3-ft contour with an R value of 0.15 will be 89 
ft offshore. This contour will not provide much information 
about shoreline response to a groin that only extends 50 ft 
offshore, 

DX--The X-direction grid spacing in feet (see Figure 2). 
Exampls used for this report have varied from 50 to 100 ft. 

DELT--The time-step in hours. The examples used specify a 
value of 6 hr. 

Y(I,S)--Regresents the initial shoreline location with respect 
to some reference line. A straight shoreline would be repre- 
sented by Y(1,I) = 0.0 for IMAX values of I, 

WAX--The number of shore-perpendicular structures (two groins, 
three groins, etc.), 

EJET--The I-grid location associated with each of the PlMAX 
shore-perpendicular structures. The computations will consider 
the structure to be located to the right (increasing I) of the 
specified I-location. 

- 
8 A table of factors for converting non-SI units of measurement to SI 
(metric) units is presented on page 3, 



( 1%)  SJETTY--The length of each shore-perpendicular structure mea- 
sured from the baseline. 

NOBKS--The number of detached breakwaters. 

SLFT,IRT--The I-grid location to be associated with the left 
and right end of each detached breakwater. Computationally, 
the I-value is assumed to be the exact location, 

YLFT,YWT--The exact Y-distance, measured From the baseline, 
offshore to the left and right tips of each detached 
breakwater. 

Time-dependent parmeters: 

H%--Offshore significant wave height (feet) specified at each 
time-step. 

T--Period of each wave in seconds, 

ALPWIS--The angle (-90 to +90 deg) of propagation of each wave 
with respect to the x-axis. Waves propagating onshore from the 
left of shore-perpendicular are positive (see Figure 2 ) ,  

IDREG,JDREG--The addition of dredged material, beach fill, or 
any other alteration to the existing bathymetry is simulated in 
the model by advancing a contour by an mount which yields the 
appropriate volume of material. The IDREG and JDWEG parameters 
indicate the location of the contour line that will be moved. 

(5) DREDGE--Indicates the mount of movement, in feet, the contours 
are to be moved to simulate dredging, fill, etc. 

( 6 )  IDDD--A dummy variable used to indicate whether or not the 
dredged material/fill option is used. This is specified at 
each time increment, When IDDD equals 1, the mount specified 
by DREDGE is read resulting in a movement of the (I,J) contour 
by the mount specified. The option is not exercised when 8 is 
entered, 

17. The progrram can be submitted to the computer by either using cards 

(batch) or interactively using a remote terminal, If cards are used, the user 

will have to supply an input card deck. The required and optional cards are 

shown in Table 2. 

18. An alternative to using a card deck is to use the interactive 

capability of a computer. To simplify the input data requirements, a 

user-friendly interactive program has been written to generate input data 

files for the N-line model. Since CERC is presently using CYBEWET services 

for computer support, the model and input generator are currently operational 

on the CYBER 17'6 computer, A detailed description of the steps necessary to 

generate an input file and execute the model will be presented for terminal 

entry batch processing for the CYBER 176. A similar procedure is available 

for any computer system with interactive capabilities. 



19. The interactive generation of data and subsequent execution OF the N- 

line model require the following user files: 

BLDFIL Input data file generation program 

INPFIL Input data generated by BLDFIL (excluding 
dredged material) 

SPOOL Dredged material data (generated by BLBFPL) 

RUNE I NE Job control file to submit the N-line model 
for terminal entry batch processing 

TWANSP The N-line model 

Examples will be presented which demonstrate how to create input files for the 

model using the program BLDFIL. Following the creation of appropriate input 

files, the N-line model can be submitted and executed in a variety of ways, 

The following examples use the program RUNLINE to submit the job for terminal 

entry batch processing: 

where the job control file RUNLIME contains the following control entries: 

Following execution, the job  output can be either routed to a remote Job entry 

facility or retrieved at the user ' s terminal. 
2 0 ,  Before presenting example model applications, an explanation of the 

model output must be made so that model results can be properly interpreted. 

This can best be accomplished by reproducing the computational representation 

of Figure 2 of Perlin and Bean (1985), shown here as Figure 3,  As i n  many 

numerical models, certain computations are made for midpoints between the Y,J 

modes, For example, Figure 3 shows that the sediment transport values in the 



onshore-offshore direction a~ correspond to the contours specified by the 

user (CHANGE(l), CHANGE(2), etc.); however, the alongshore values Qx cor- 

respond to a point halfway between the I grid points. Numerical differ- 

entiation of the continuity equation then yields a y value corresponding to an 

I grid location, but a midcontour location: 

For example, if a CHANGE(1) and CHANGE(2) contour was specified as 1.0 and 

2.0, the Y(I,2)-distance would correspond to the 1.5-ft depth. In all cases, 

the Y(I,1)-location corresponds to a zero depth. The understanding of the 

computational representation of these variables is absolutely necessary if the 

user intends to compute or tabulate total transport quantities in, for exam- 

ple, cubic yards per year. 

21. The results of any numerical model, especially one based on empir- 

ical relationships, must be carefully examined to determine whether or not the 

results are realistic. Empirically based models are generally site specific, 

requiring the adjustment of various parameters and coefficients to achieve 

model results that match prototype behavior. The selection of these values 

can have a substantial effect on the model results. Improper selection can 

lead to erroneous results or even to numerical instabilities resulting in the 

model "blowing up." The following list represents some of those parameters 

and coefficients that can be varied to achieve stability or to obtain better 

agreement between model and prototype: 

a. DELT--The time increment used in the model has a substantial - 
effect on the stability of the model. All example simulations 
shown in this report used a value of 6 hr. 

b. DX--The alongshore grid also has a marked effect on the sta- - 
bility of the model. The selection of a reasonable value must 
be made based on the structures present, the length of coast 
being modeled, and the stability of the model. For example, a 
detached breakwater should be at least three grid spacings. 
The spacings used in the examples varied from 80 to 100 ft. 

c. ADEAN--Dean's equilibrium profile coefficient determines the - 
equilibrium profile for the entire modeled area. This coeff- 
icient should be determined by selecting a value that produces 
a beach profile which most closely matches the specific site 
being modeled, If no data are available to make this selec- 
tion, the graph of ADEAN (signified by A in this figure) 
versus sediment diameter shown in Figure 4 (reproduced from 
Perlin and Dean 1983) can be used. 



I "r I BERM O F F  

F i g u r e  3 ,  D e f i n i t i o n  sketch ( f rom P e r l i n  and Dean 1983) 



Sediment D i a m e t e r  (m) 

Figure 4 ,  A versus sediment diameter (after Moore 1982) 

d, OFF--The coefficient COFF linearly affects the magnitude of - 
the onshore-offshore sediment transport, For example, dou- 
bling the COFF value will double Qy . The value used in 
Perlin and Dean (4983) and in all examples of this report is 
0,00001. This program coefficient can be changed to achieve 
proper onshore-offshore sediment transport magnitudes. 

e, CONST and CAPPA--These coefficients determine the value for - 
the constant TKSI which linearly affects the magnitude of the 
total longshore transport, As in the COFF example, these coef- 
ficients can be altered to produce a desired total longshore 
sediment transport magnitude. The coefficients (lines 284 and 
285 of the program) are currently set at 0.97 and 0.78. 

f ,  An additional factor was introduced in the model to slow the - 
shoreline response under certain design cases, This coeffi- 
cient, Beach Response Factor, (BWF) is shown on lines 564, 565, 
and 566 of the program listing (Appendix B ) ,  The factor was 
set at 0.5 for the examples presented, This value can be 
replaced by 9,0, equivalent to the original listing, if the 
shoreline responds too slowly, 

g ,  Additional constants such as density, beach slope, and porosity 
are defined in Perlin and Dean (1983) and can be located in the 
progrm listing, 

22, Several examples are presented in this docment to both demon- 

strate the capability of the model and allow %he potential user the ability to 

veriry that the model is operating correctly. Initially, five examples are 



presented, three of which are taken from Perlin and Dean (1983). Complete 

input and output data are provided for each example in Appendix A, These 

cases are presented so that a user can become familiar with the model by 

applying known input data to reproduce known output data. This will also 

allow the user the opportunity of determining the model's response to varying 

certain of the model coefficients. A final example is presented which demon- 

strates the use of the interactive input data file generation program for the 

subsequent analysis of the Lakeview Park project in Lorain, 0hi.0, This actual 

example will show the simultaneous application of all of the N-line model 

capabilities. The five examples are: 

a. Example I--Single Jetty. The first example is for case 4,2a - 
presented in Perlin and Bean (1983), Figure 5 is a reprint of the 
equilibrium planform along with input data. Saniple input and out- 
put data after 30 iterations are shown in Appendix A, 

b. Example 2--Multiple Jetties, Example 2 represents the multiple - 
Jetty example presented in Perlin and Dean (1983) as case 4 . 2 ~ ~  
Figure 6 shows the initial and final contours as presented by 
Perlin and Dean. Input and output data after 30 iterations are 
shown in Appendix A. 

6 ,  Example 3--Dredged Material Disposal, This simulation represents - 
the single addition of dredged material disposal at the 7-  and 
11-ft contours according to the monthly incremental value used for 
case 2.cl in Perlin and Bean (1983). Figure 7, reproduced from 
Perlin and Dean (1983), shows the equilibrium results for this 
case. Input and output data after 30 iterations are presented in 
Appendix A. 

d. Example 4--Single Breakwater. This example, shown in Figure 8, - 
shows a hypothetical case of a single detached offshore break- 
water, Input variables for this case and a sample output after 30 
iterations are shown in Appendix A, 

e. Example %--Double Breakwaters, Single Jetty. Figure 9 represents - 
the fiE$h example which begins to demonstrate the use of multiple 
structures. This hypothetical case incorporates a single jetty, as 
in Example 1, with two detached breakwaters, Input and output data 
after 30 iterations are shown in Appendix A, 

f. Example 6--Lakeview Park, Lorain, Ohio. A specific application of - 
the model was made to the Lakeview Park project in Lorain, Ohio. 
This project incorporates all of the capabilities of the model in a 
single application. This design case, along with some of the 
problems associated with its computer simulation, is presented in 
Part V, 
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Figure 7. Dredged material disposal (from Perlin and Dean 1983) 
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Figure 9. Double breakwaters, single jetty 



PART V: MODELING LAKEVIEW PARK WITH THE N-LINE MODEL 

23. When modeling an actual process, whether using an equation, a 

physical model, or a computer program, comparison of the model's output with a 

real-world result is necessary for verification of the model. This comparison 

can be in a qualitative and/or quantitative sense; if the modeling process is 

successful for one real situation, it is reasonable to expect successful re- 

sults for other similar cases. 

24. The N-line model has been verified in a qualitative sense, as pre- 

sented in Figures 5-9 of this report. Lakeview Park, Lorain, Ohio, was 

modeled with the N-line program to compare the actual beach response of 

Lakeview Park with the model. This allows a quantitative evaluation of the 

model's adaptivity to specific conditions where a known response is expected. 

Lakeview Park 

25. Lakeview Park in Lorain, Ohio, is a project that has been monitored 

since its creation in 1977 by the Buffalo District and CERC. Lakeview Park 

has been a successful project, accreting approximately 3,000 cu yd of material 

per year (Pope and Rowen 1983). The site has a three-segmented detached 

breakwater, two groins, and placed fill, and, as such, utilizes most of the 

capabilities of the modified N-line model (see Figure 10). The beach fill was 

placed along 1,250 ft of shoreline, the two groins are 166 and 350 ft in 

length, and the detached breakwater has segments approximately 250 ft in 

length and 200 to 250 ft from the initial placed fill waterline. 

26. The project has a large prototype data base, including bathymetric 

surveys for 1977-1982, aerial photographs from 1977-1982, hindcast and Lit- 

toral Environment Observation (LEO) wave data for the area, and data from a 

physical model study (Bottin 1982). The prototype aerial photographs of Lake- 

view Park were digitized, and a set of shorelines were plotted that represent 

the stabilized project shoreline, creating an envelope of shorelines that was 

compared with the model's output (see Figure 11). Thus, the prototype data 

from Lakeview Park were used to conduct verification tests of the N-line 

model. In this way the N-line model could be used for a situation where the 

beach response was well known. 



Figure 10, Ae r i a l  photograph o f  Lakeview Park,  Lora in ,  Ohio, 
8 Sep 1980. Sca l e :  1 i n .  = 4,800 f t  





Model Input Conditions 

27. For the Lakeview Park example presented herein, hindcast wave data 

(Saville 1953) were reduced to obtain representative values of wave height, 

period, direction, and percentage of time from a particular direction. The 

10 wave conditions that resulted agreed reasonably well with the LEO data. 

These 10 wave conditions were repeated and used in all the Lakeview Park cases 

presented. A single wave condition from a single direction is not a true 

prototype occurrence and could generate unrealistic responses in the model, or 

cause the model to "blow upoff 

28. The initial project contour locations that were used for each model 

run are presented in Figure 12. The initial shoreline was calculated by mea- 

suring the distance from the baseline to the approximate waterline based on 

the as-constructed condition, Since the model assumes equilibrium profiles at 

each I-grid shoreline point, the Lakeview Park fill area (on a linear slope) 

was simulated using the model's disposal option, creating a Pile called SPOOL 

that contains the 19J-location and the amount of fill to be added to the 

average of each two adjacent contours (see Figure 13). The model uses the 

average depth between adjacent contours in all calculations. 

29. The value of ADEAN can be calculated using the equations presented 

in Figure 4, which gives ADEAN in metres 'I3* ADEAN as used in the model is in 
units of feet1I3; the value of DgO = 0.22 mm (the grain size of the placed 

fill) was used, giving a value of ADEAN = 0.15 ft 1/3* 

30. The selection of a time-step of 6 hr and a space-step of 50 ft was 

the result of an interactive analysis. A larger space-step would give ample 

distance for the contours to return to their boundary conditions (problems 

arise if the project ends are too close to the boundaries), but would not 

show much detail in the project area. A small space-step requires a small 

time-step and a large number of x-grid points, and therefore is costly to 

run. Several combinations of time-steps and space-steps were attempted, some 

resulting in unrealistic responses from the model, until the values presented 

here were selected. The interactive file generator is shown in Figure 14. 
The input files are presented in Figures 15 and 16. 

31. Since the sediment transport from the west into the prototype area 

is small, the contours west of the smaller groin were modeled to move no sedi- 

ment in the longshore direction by changing the N-line model code. 
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GRID 16 - LAKEVIEW PARK 
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Figure 13. Example g r id  p r o f i l e  and distance t o  be added t o  equilibrium p r o f i l e  

t o  get  f i l l  slope (creat ing f i l e  SPOOL) 



, ... 
I,.JI-.!J <.<i,..:-!iy-. L i.. 

,. ,.. . 1 ?.I?., , =2:l,;i -i':ji-: 1 L., :::kj 1::,:"' L :  , .- ... ,! I ? t:. 1.4 
::.: 8 (I, :.., m.:j l:-f:, ,,:> i: , . I  il,,, 1;;~; (-'~i~'il"~[::s I--&"I- 1 i3p.1 -1' ;< \.?\I; . . . - - . -. 2 - 

.: i,.. 
I ', 

; :, p, I:< i 7; [ pi < 
. ,. 

.-! 2.: 
, - ,  , ... t-1.4 1 [-.I-? ,...I PIC',> 

, '  !..! 
. . ,. . *. . 

;, 1 1 :; l',-ii::; <,,[:I: \;,; iL,:,[:;;E.: ei;;l,Jp.\i .!,,,, i.<'.%(' <:;; j,... 1.1 l;',Ljp; i;![.:i::a':'I .- , .I . i p.j ;7i[!:"[l;:::l;.;;;;; < L,,jij[.- [:I ' i i ; ;, 
i i iil 

, ,(k- i,; i'"',;-li.,~'! !-![-jj. <; ! j h ,  l:m''i" 1 .1>::> 'r : \ j  i:-' '." ' ' . i:, p*, [ k::: $-; . I i" >< :I: L.' . "" I :, ,i, $, "1' .:: \ 
iil" i )  , I :::. s . 1  1 . 1  ..i..ll.i ,! .::ti.i:! # 8,  \.. 

, +., .?" 

.. , . .  , . ,:: .-v . .... 
-. I. q . L - , ,  ? . . , "  , , . , . I .  ; ,, L 1 ,! !L,4,, ,! .i ::,, ., q ' \ 'F,< 1 rlt{; C,'F , s  1: r;;:cj % .- [ . p,;/:. !.,.!i,j)j;i ..., ;, ':,"%( , - I !  1 ! '< l. ; ,] i ( ,I) !..]l.j i F2I.j I 

, I,,: ." /-..k .r-  1 ,:: ,-L 1. . . - v  ; a  ' ,  ... p.j'l.l..{ L,.),:;.);:: j ; I .  . \ t - i q ' i i -  1...1... 4.. ; !... . I . .  .. 
. .. .. . C j  

c.. 11"; !.'k,; i<[...[,;pi 1.. 1 .  4 i i I ! 

I ._ ' <..I 

;.] 1 i:. i ,; I: 1.: ?..: i. 
! , 1 

,: !;,I ,, >!j;::i.;.:!: 

i ,. , , ... y ,..,: " \  ,.. .... .. 
1. ? , . \.j J Y I ,  lTl1.'I J 

) .  ' 
, ; >.. 

i i... ;.i r j  I ... ! I  .:, it..,)..(; ., .. 8 $,.?) "..: l..!.Ls~.; ).:j;:, :l.j!-;,.'j,:: .; $3 .! ,, :.: ? l .!'I.:.,* 

:I ., 

1 ' p.., I i .. . I. . I ! .  i !  . I i i I .. ' l%..l\.!,, ' . j, ' ! : j ~ : ~ : : " ! ! l ~ ; < ~  ; 

. . .  
1. :.;: *! L : j ,!: 

[:(.<.[I , ,  8 I ' .i . '. , ,. b...... I!.: 8 !.,..:!I ,, i.j:.';, ';.: ~ ~ , j ~ . ~ ; ~ ~ ~ , ~ . J t . ~ . ~ ~ ~  

. . . . , . , .- .. 
, :.,'', .,:,:ii&: 

t;,i\.j ! ( ?.:; ;.:, ; '>i.. ,,, i :  1 ..; i . " , 
t. .. ..I .' 

:. i?, L:.: 
. .  . . I:..!.! i I... I \ ;.;: !I..- I , !.ji.;.. 1 - 1 ;I- . : h 

; I"' 
: .! 21 a 8,  ,r! , 

- .  . .  . :.:>~.i~-j[-..\.-: ,;. i...~i- J. ;,> ,..l i,"!. .[ *-! 1 . .. .,,: i ;..;a !.,!, j , B . : I ,, , . : .:-:a .. ,. . ;! 
. . , . , , . , ... . . ,... , , .  , .  i ~ : . i $ ~ : i . ~ ~ . i ~ . ! , . j  ::j; \<;..I ik..:; : 1 :I.,! i i.,.:L;l.i ., 1 'Y 3 4 :; :.:.! ; :.;'.4!-!:.. 1 .  a,.! I ... ; .. ( 

, . ,  , I !  I ! :  I :  I ; : : I .  : i...; i.jj.;!.~l-.-. I; , i ,/.i! i...i.: .;,i>.+;< .!;pi;..,;. ii : I:! 

j. .i ,, .j. c! ?'j 

I . '  ,. . I ,  ,, <*'! 
1. , : m.l:, 

i. I 1 .1 :  
: _' . . 
3.  - , ,..' .L ..2 

i ,  , *  . .,: 
. .. 

1. ' :. .L I1 

a 

Figu re  14. I n t e r a c t i v e  f i l e  gene ra to r  (Cont inued)  



..,,. 

. ,  
1 '  . i Bvit;,:'.:.i<A'l[ii,k< r l  3 ,.. i,,-l:'F-r,F9.['t-I-i- J L[;i[:A"r]:[]N, i,,,f{i.:7'l,Hj,:jb("l D i ~ " r f i ~ , " '  . bi:~-"';t.i;,; ' " 

I- . ..I 
E: :I, I I 1-2. f::, 1. Fi ' i - 

.. : 1 I.,') 1 ,7 :.-+ ; $.,? ... ' 
:- .-!, , " ~-JWq!::;UL? 

%..p.,i L.. 1. E:,F.:; ,,J{::j _: i,>l .i:~~:i.-,i...:~~ji:.l! EiilL, i,,JEl.:."'~ , li; J: (j1-i-i' I i " J C A " l  '! [jix.) , i-Lii:::"i' i:i I Cji..;"i' i.1, i 5 '!"AN!, ,E: cji:.: I:., $l..idi..;).; I.: I , .- - 
..:,,;j ';.':I: ! . - : -v~.]? c.'q$ 

!' .L% y .-<-I 7 --I .CL 

%::'p,K'" i< p.,il j ,':' $pE: I ~ I . : :  i?jA"['\::; I:,: l,,_E 1.1" 1 i;.,jbi'l I L- [:lC' ' ""  " ,... .I ! t:. . ' 1  . , i LH i 1. [ : J ~ J  L-EI.:..~ 1 ;  1 , ..:! i .+~  1:) 1 C: -I "i"i;pil:,:j~: i::i~:b y;,i-i,:)i-a'.-. , ( I  .... < F l  j 
-- ....,., <:, ..-..,. . . .'...?., . ..,'..-' .. . '1 ".., .j. cj ,, :+ 

I;) .. . !-jk, . .. .; . bj 1, c,i...i .['[:j (:.:>,.I, ' , I  I<:: '-1- "i-t-ir: 1 '- :' " -  " 
C . '  .... .., ... I:I!,~-> I J.13N5 Cj 1": A !'<I '.%; 

i"i"ll..i",..i'l! ii:.c"' E-.p> .,.. ... 
.i .. ... 7..3 : , tr I..,: d ij t'x p.1 i.3 i;; g 1 F-' Cj i:4 V I::: <' 3 I.. Ti 

:.' j, 

i:,"l' Wt..i(:>"y 1: p ic :  . IL.. . 1 p,j F:i i(\,-!;,.,i,, LLj I i , - j  ,,,. -1. idit; i;:;l-;i[\\i'r[;,LjF:;;c, L5[j- {,:;(j,J 11:; 1' [;:s.,;> 
''"8 

: 1. 
, ,  1 i .  L. 1. , , , t .  j !! p.,,i;;R[~~i~,p.j"l{;LL !)C:li,.,(,,!E "l"i:'! &I:) DE !:; 

1 !;; .i j-{;-::  if; i;';.-" I;{, i-I .I .> "l..! I ;..j[, a 11 8 &>i".t:pJ"i- L.. i .- "i",p,j-1-( -. , j,,Jbi I ( ;: ..? E;t%J i C .  'i t,'l :" ': * f * -- ! L > , f-> A ,! *;! P?;-'i :;< 
(\,;:;I, , i- ,b:'ci, ,, \SJ;+ i-;:l),j i-,: :lp\i:::cL . _ L . _  I.:: '1. E: .. 

. > '"' 
rL. I .  -.:1 . C? 

. . , : .... , . '::' i ;? , ? .... . ,..* 
8 

e 

0 

0 
<. . . .. . . 
., : 

m ; < :.! ,) . . !. : ,.'! 
... . .. > : 8 .  ,.: , .. 
,. ...,,-! ,, . . <  ,, .' L ; .! 
. .: ,., '-.: 

: . m , * . .! .. 1 ,; ::.:; . . 
., b :,;- . . I: I ,, ?:! ,! ~:.i 

E- k.1 ' :  .. i...; i::j k i 1  :..: i:,,, i i i j, :.:.! f , ; !% i ; [.:.I:: ?:; ,L i -1 ) ' "  -, , t. ' ". : ::, [:, . :, . :> . j ;.', 1.i ;: ... 1 r. .  .. ( . 'i -)tLt.i'"; '.' .' ' . i 
(..;i\.ji) I.., ,,.,, 1 ; , I r  ,L , - j  c- v. ,  < . ' r<i:.,...i .,:. [ [ ! '  .;, ,, !I,;:,; { jl ... I:.-':< 4 i$(:jl.v:E: 1.: i, [::.:I, LlI..i:.-'pj ,-:,i.,!pil.:,;--k;{: lf;!;; , 

1 11-1 1 V Y >  t..- ' 

f) ;.....;'I. - I . <  L:, ti.: ' :: :, " , cy ..\;, ,i I,(:! 

, i, " y.2 :'; f .: L:, 
.I 1 . .I ?..I 

. . .. . ..:. ,. ::.:I ,! zi. ,: ,,. a?*&'! 

, . ., : ,.< ,, ... 2 ,: ?4. ., ,:.: ..!, c-3 
. . . .. . . . / ,  

, . . , ,, 11 ,, : .8 ,, I. ..: 9 

", ,; . ,... , ., - .. , ,, ., G ., ., .! ,, .::, ::j 

Figure 14. (Concluded ) 





4 -3i.7" Z - G R I D  Point 

-:.mj 7,: 
i , I  I' 

\ 1 
,> , , ,> 

-99 .76 2 = Ov<vaje of' I and 2 con bvr d e p % ~  
-" 7'O 

Ll .  I ,  

< I  3' = avtvclge of 2 and 3 Canwrrr dfp+hs 
It 3 a n d Y  " 

1 f 
- 2 ;  7 

L , .  ,'. 4. " 

- > l  - , . , , to  

-13.p: . )  

-13,t . j  .. . .  
- i ; 'bl j  

- 7 :  . I ., , t :: 
. . - ,  , .,i 
L., , , iV  

- I  7 ..i ' , , -".I 
-I:,:,;) 
. 7 : . ,., 

I , , Z V  

-1 jab,:: 

-!j,&- 

-l.:,&$ 
- 1 7  " 
; , , t 1.: 

-i:,bl.j 
- .  _ > .  ',,:lj 

- ; : , ; I:' 
- ; 1 . ,.v 
i , , Y "  

- 1 7  . i  
l ., , C ,, 

- ; ] , $ s ( ;  

. ' 7 
1 . ~ !.$.'I 
. . 

-j: ,&,.: 

-;;,:,I? 

- j  2 , 
-!3,tL' 
-,: if, 

1 < 1 , ' 1  

-j:,bf.: 

- 1 7  .* I , , t .., 
. f 7 . :z ' , , 2 ,.a 

- 1 7 * r-, .,, -IL< 

- 3 ,< , 1,)l.i 
- ~ ~ , ; ~ l .  

-70 ,*,, 
_ Y . . i .  .. . .  

-jk:,;!! 

- 7 a ,.,,I 
i" , / Y  

-jy.31.: 

-. ;$,ii:? 

-.; y , )l.j 
-1 > ,pp 
4" I l i  

-:a A,. 
.A ~< , ,, ,: 

-]$,I::) .. . -  _ d (.,, 1 L. , r. r 

-38 8;" , I '., 
- 7 c  .a,; ,<,I,:' 

-:$,I)$ 
-:u ,)c 

J Y  I 

-IY.3$ 
- ] ~ , C I >  
-;Ye GO 
- 7 0  " p  
i" ,'I I 

-18.05 
-.18,QO 
- ? $ , i ' C  
-.1$,00 
- ! a .oo  
-18.00 
-38.00 
-38. v4 
-18.00 
-89.70 
-83.70 
-8' , -i.: 

F i g u r e  16. SPOOL f i l e  ( u s e d  i n  a l l  model r u n s  e x c e p t  F i g u r e  18) 



32. The parameter in the N-line model code that controls the rate 

of shoreline movement, the BRF, was set at 1.0 (BRF = 1.0). 

Model Output 

33. The model was run using the input configuration described for a 

period of 360 days; printouts are included at 30 days (Figure 17), 180 days 

(Figure 18), and 360 days (Figure 49). Notice that the model never reaches 

the equilibrium shoreline as shown in Figure 14; the shoreline keeps erod- 

ing. The outer contours show a greater sinuosity than the inner contours; 

this is because of the small slope of the equilibrium profile as distance 

offshore increases. As in the prototype, the model's shoreline on the west 

end erodes more quickly than the east end. However, since the sinuosity of 

the model's shoreline is much less than in the prototype, it is difficult to 

see the influence of the individual breakwater segments which was obvious in 

the prototype, 

34. After the model was run for the original configuration of struc- 

tures at Lakeview Park, eight different configurations were run for 30 days, 

Each of these runs can be compared with Figure 17 to see how different 

structure configurations influence the project area; except for the change in 

structures, all model input parameters have been held constant. These runs 

are presented in Figures 20-27. 

Discussion 

35, In Figure 22, the run with four short-length breakwater segments 

and two groins, the model acts unrealistically, eroding the project severely 

at the east end. Figure 23 shows a run with four longer length break-water 

segments which appear to respond more realistically when performing as a long, 

single breakwater (compare with Figure 24). Therefore, the number of 

breakwater segments does not cause unrealistic response in the model. In 

comparing Figure 22 (short-length breakwater segments and two groins) with 

Figure 20 (two groins, no breakwater), one can see that the addition of the 

breakwater causes more erosion than the run without the breakwater. Appar- 

ently, the reflected waves around each segment in the four short-breakwater 

segment case interact and create a focusing of wave energy on the shoreline. 
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Figure 18. Prototype configuration at t = 180 days 
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Figure 19. Prototype configuration at t = 360 days 



Figure 20, Two groins, no breakwater, t = 30 days 
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Figure 21. Three segment breakwater, no groins, t = 30 days 





F i g u r e  23. Four l o n g e r  l e n g t h  b reakwate r  segments ,  two g r o i n s ,  
t = 30 days  
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Figure 25. One breakwater, 9 deg offshore from baseline, two 
groins, t = 30 days 



Figure 26. Three breakwater segments, 50 ft closer to 
shoreline, two groins, t = 30 days 



Figure 27. One breakwater parallel to baseline, two 
groins, t = 30 days 



36. In Figure 26, the breakwater segments were moved 50 ft closer to 

shore. In comparing Figures 26 and 17, it is apparent that the contours did 

not change at all when the breakwater segments were moved closer to shore. 

37. The two model responses described above are not logical and in- 

dicate that the program can only realistically model certain simple config- 

urations. The user should be wary of accepting the model's output at face 

value, and should experiment with different configurations as was done here to 

determine the model's sensitivity to the user's particular setup. The break- 

water addition to the model was written for use with structures that are lo- 

cated shore-parallel or near-parallel. Angled structures alone or connected 

to shore-parallel structures are not intended for use with the N-line model. 

38. The choice of the initial shoreline position may appear arbitrary 

to the model user; however, the initial beach conditions greatly influence the 

model's output. A run was made using an initial shoreline on the baseline 

((I,J) = 0.0). Fill was then added to create the same initial configuration 

as presented in Figure 12. However, after 30 days the model gave an entirely 

different result than when using an initial shoreline defined at the waterline 

(compare Figures 26 and 28). This discrepancy results because the model's 

rate of erosion is calculated from the difference between the waterline 

location after the fill has been added, and the initial shoreline location 

before the fill is added; the larger this distance, the faster the erosion 

rate. 

39. In experimenting further with the model, two conditions used in 

simulating Lakeview Park, the BRF and the restriction of longshore transport 

across the west groin, were adjusted in the model code. Both of these con- 

ditions were observed as greatly influencing the model's output. 

40. Figure 28 was a run made for 360 days with the BRF changed to 0.5 

while continuing to restrict transport across the west groin. The amount of 

beach at 360 days is much greater with BRF = 0.5 than when BRF = 1.0 (compare 

Figures 29 and 19). This factor controls the rate of transport. 

41. Figure 30 was a run for 360 days with the BRF kept at (3.5, but 

longshore transport was allowed across the west groin. Note that this 

run did reach an equilibrium point (compare with Figure 31, the same run at 
300 days). However, the beach planform is not sinuous at all, and the cutback 

at the west groin is not apparent as it is in the prototype. 



Figure 28. Model at t = 30 days; initial shoreline = 0.0; fill 
added to create initial contour locations as in Figure 1 
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Figure 2 9 .  Three breakwater segments, two groins, 
BRF = 0.5, t = 360 days 



Figure 30. Three breakwater segments, two groins, BRF = 0.5, 
transport allowed across west groin, t = 360 days 



Figure 31. Three breakwater segments, two groins, BWF = 0.5, 
transport allowed across west groin, t = 300 days 



PART VI: CONCLUSIONS 

42. The N-line model presented in this report is versatile, easy to 

use, and capable of producing dependable results when used for appropriate 

applications. The documentation presented in this report is intended to cover 

only the breakwater subroutine. Since conceptual modifications were not made 

to the original model, the original documentation presented in Perlin and Dean 

(1983) should be obtained by any potential user of the model. 

43. The N-line model is useful in showing qualitative trends for a com- 

plex case such as Lakeview Park. Some of the drawbacks of the program when 

modeling Lakeview Park, such as the inability to reach an equilibrium shore- 

line and the low sinuosity of the shoreline when influenced by breakwater 

segments, could possibly be successfully modeled by modifying the different 

input parameters (such as the ADEAN parameter, the initial shoreline location, 

and/or the model code). Perhaps then a quantitative verification of the model 

could be made. However, in this case, the model would have then been tailored 

to produce a previously known result. 

4 4  A project cannot be successfully modeled without experimenting with 
different time-steps, space-steps, contour depths, shoreline locations, and 

structure configurations. A wave climate representative of the area being 

modeled is also very important. Finally, the response of the model to a par- 

ticular setup must be interpreted with engineering judgment, 
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::9 1 I i 1-1 - , t # 1-1 
# -10 I I 1 . t 0 
# 41 I  I 0 t  1-1 
# 421  I 1:) . 9  CI 

431 I I:I . t  # CI 
+ # 44 1 I 0 . 1-1 

+ # 451 I 111 . 1-1 
# 46 I  I 0 . + 1-1 

471  I 10 . + # CI 
9 # 4 E: I I il . 1-1 

49  1 I iI . -t # O 
c - .JLI I I I:I . -t # it 
31 jg , i l  39 . i1  99.1:1 it 



EXAMPLE 2 - I t ~ 1  P U I  

5 [I Lb I=, 

1 i l  . it it il 
l a t : l i l ~  1 1  3.i10i1 4 , 1 1 1 ~ 1  I 7.1:11:10 1 i l . i l i 1 O  15. i1i1111 25.ililO 3 2 . 8 0 f :  

- - - . it 111 it . it it it il 111 [I , it it 0 . i1 it il , 0 0 il . i l  0 . il it 0 . U U I J  , !:I 0 0 
? - 
3 Ll 

.3 , CI 111 it . i1 5 [I [I . 
? 

2 

1 2 3 CI [I . 111 il it 
2 5 3 CI it . 0 CI it 
:3 8 3 111 il . il it it . i l 8 9 9  

1 0 0  . i 10 i1  2160i l  .0Uit 
. il il . it il . I:I I:I . it il . i l  il s it il [I [I . it 111 . [I <I . 111 El , O [I . [I CI 0 il . 111 [I . il il . i10 
. 111 111 - - . ?IU . 111 it . 111 CI . 0 it . <I [I . 111 it . it [I . 111 0 . 0 [I , it 111 , 12 i~ . [I <I . it il . O i l  . 6 0  
, it 0 , CI CI , I:I I:I , CI o . [I 111 , 111 I:! i l O  , [I I:! 

il 
1 :? . 0 7 . t:~ i? [I . I) U 

c : , I 7 . 111 6111 . I:I 0 
3 3.i1 7 . i 1  15il.O 1-1 
4 

- - 
: . I 7 . 111 G il . il /_I 

r 3.i1 7.111 i I ; i t . O  0 
3 . 0  7.111 iI ;Cl .O b 1-1 

7 3 , il 7 . [I b5 ti1 . 111 U 
1-1 

- - -.. - 
,L1 . : : .g  , .I.[ GO . O 1_1 

.q .Z.[I 7 . 0  6 0  . 0  111 
3 , 111 7 . 111 &:!:I . 111 1 111 111 

11 :3 . 111 7 . 111 6 [I . [I 1-1 

12 - - : . I 7 . I:) $5 [I , [I '_I 

13 : . I 7 . it it . i:~ [I 

1 4  3 . il 7 . I:I E I:I . il 11 - -  - 
1 5  .3 . il 7 . 111 k. u . 1-1 ?I 

:: . il 7 , !I1 6 CI . [I I t ;  I_) 

1 7  : . il 7 . 111 6 111 . 1:) u 
- .  13 : . I 7 . 111 6 il . U 111 
3 . 0  7.1:1 t;i~.il 13  0 

2 111 - - =:.u 7.1:1 6 0 . 0  111 
2 1 : . I 7 . 111 i? [I . i l  111 
- - 

L' 
- - 
I: . 1.1 7 , I i? it . it I:I 

> '7 L _ : . I 7 , I 6 <I . il ~ _ j  

2 4 I I 6 0  .I:I fi 
-< C - - 
L ..I : . I , 1 1  iI;lI! . I:! 1_1 
- - :: . i1 7 . ::I 6 it . 111 Lb 111 
.-, - .. . - - 3 11 7 . 111 gI:I . 111 & ,  1-1 - - - - L t: 3 , u 7 . 111 L:<l:l . I11 (:I 
- - .., 8-, - - 3 . il . I L3 111 . [I /_I 

.I-: . CI 7 . ir &:it . it 3 [I /_I 

:: 1 ,q - ,: -1 . 1-1 - 9 9 . 111 9 9 . 111 111 



EXAMPLE 2 - O LIT P UT 

:k-k:kkt:k-k*k~ck:k:A:-kk-k-k-kkkk-k~kk-k:A:-k$:-12:kk%:kk-k-k-k:A::k-k-k-kk:k~k$::h::k:kk-k-k-k-A:-k 

THE DEPTH I N  F T )  WAVES TRANSFORMED TO, L\JDEPTH= z: 2 :_: 111 
-kk-k*k:kk*-k-k-k~kk-k-k-kk.k-kkkkk-k-k-k-k-k:k-k:k-k-k-k-k-k-kk-k-kk-kk:k-k:k-k-k-k-k:k:k-k~k 

THE HE1 GHT UF THE BERM, BERM= 3 . i t  [I ij 
THE SLi1F-E LIF THE BEACH FACE, SFAC:E= . 0 5  B if 
THE SEDIMENT DIAPIETER, OIAM= .22i1 

:A:-kkk:k-k-k:kk:k-k-kkk%k-kk-k-k-kk-k-kk-kk-kk-kk-kk*kk-k-k-k-k-kk.k-k-k*kk-k-k:kk-k-k-k:k 

THE LEbIGTH OF THE STRUC:TLIRE, SJETTY= 3 i t  i l  . i~ 0 i l 
THE LENGTH OF THE STRUC:TIUKE, SJETTY= 3 0 0 .  ilCl0 
THE LENGTH OF THE STRUC:TIJR,E, SJETTY= 2: 0 0 . CI [I [I 

THE I\ILIMBEi? 3. GROIN I S  LUCATEO AT GK l  [I 1 2  
THE NUMBER 2 G;F:OII.I I S  LI:IC:ATED AT GRI D 2 5  
THE NUMBER 3 GROIN I 5  L~IC:ATE[! AT GRI D :38 

-k-k-k-k*kf k-k-kkk-k-kk-12-kkkk-kkk:k:k%:k-k-kkkk-kkk:kkk-kkk:k:k-kkkkkkkkk-kkkkkk-k:kkk:k:~: 

THE VALUE OF ADEAN= , 0599 IN THE EQ. H=A.-.'-~- I . . ki.,' '- ": ,: 
-k~k-k:kk~kkt*%k-kk-k-kk-k:k-k-k:k-k:A:k:kk-k-k~kkkkkkk-k:A:-k-k:k~h:-kk-A-k-k:k-k-k-kkk:k-k~k-k-A: 

THE VAL)-IE OF THE LI;I~.JGSHOF!.E SPAC:E-!3TEP, D>r= 1 i l  0 . [I i l  i t  

THE TIME-STEP Itd SEC:Op.J[)S, DELT= 21gi11:l . l:lili! 
-k-k-k-k-k-k-k-k-k*-kk.k:k-kk:kk:k-k-k:k-k.k:k-k-k-A::k:k.k-A::A:$:k-k-k-k-k-k:A:*-h:-k-k:k-kk-k-k:k:k-k-h: 

THE I N I T I A L  SHl:lp.ELINE COORDINATES : 
. [I [I . i t  [I . il il . 111 i r  . u i l  . UO n o  . 0 [I . <I {I , i t  [I 

. D o  . i l  if . il i l  . 0 I:I . i~ <I . 0 i~ . i l  i l  . i l  il . il Sr , 111 [I 

. 0 0  . il i t  . il i l  . 0 111 . i t 0  . 0 [I . i t 0  . i t  0 . 0 <I . 111 111 

. i t  i t  . i.1 i t  . 0 i t  . 0 i t  . 0 [I . i t  i l . no  . i l  i l  . il 0 . G O  

. i 1 0  . i~ 111 . 0 0  . i l  i t  . 0 0  . il il . 0 0  , o . i l  i t  . 111 13 
-kkk-k-kkk-k-k-kkk-k-k~k-k-k-k-k:k-k-kk-kk~k-kkk-k:k:~:-kkkkk~kk-k:k$::k-kk:k:k-kk:kk-k-kkk-k:k:k 

THE E:~II-IN[)AR'.~' "< -l.%.!AL LIES , I = 1  , I M&:Yi .;'RE A'= ,, F n L L i11.J 5; 



- - 
L' 

- - .=: . 11 7 . 0 G LI . CI 0 
- - 2 :: .- - : . I 7 . I:I i3 i l  . i! il 

: . I 7 . [I G 111 . i t  24 1-1 

-I C 3.0 7 . 0  51:1.it L -' 1-1 
.y, .- 3 . 111 7 . i l  i<1:1 . 111 i t 7  1-1 
27 3 . 111 . I $50 . i t  0 
.-, ,-. 
L i, I 7.i1 i5il.O i t  

2 '3 .- - .=: . 1-1 7 . i l  is 13 . [I i t  

3 <I 3 .0  7 . 0  i5l~l.[k il 

THE TCITAL ELCiF':s;ED NI-IPIBER OF TIME-STEPS , NUN1 V =  2: [I 

LONGSHORE STAT1 ON 1 
.'T: 0i l i l  68 .155 1 4 6 .  646 242,920 354 1 4 3  545 24111 919 36716:39,553:2318,222 
C1.X .Oil4 , 106  - 4 7 2  . 659  . ,-, L g 'L 3 . 111 1 2 . [I 0 1:) . 0 . 111 [I 0 
111 'y , [I O . 111 (:I 0 . [I [I CI . i! [I CI . 0 [I 111 , CI [I CI . [I 111 0 , 111 lj 0 . 
LONGSHORE STAT I KIN 2 

1 , 6556 7 2 ,  730 1 5 5 ,  ilZ:4 252 ,  7:33 '357 ;r'S:z: 545 a Z:5il 919 .  '35716.33, ";'Z:'i:.313 222 

Q\( . 111 0 4 ,472  .653  .2E'7 t i . i t12 . Oi10 . 111 I:\ [I . 0 111 0 
!:!'.f - . 111 0 1 - . !:I CI 3 - , [I [I 4 - , i t  i l  1 . 111 111 . [I 111 [I . . 111 <I 111 , 111 i l  111 
LI~ING!~HCIRE STAT I 0P.i 3 
"i 3 , 2 7 6  '7.16:' t L  l i<2. 277 251 a 532 S:Gil ,  279 545.417 919,3~;716.39 .  35::3.1:1~, 222 
PX 0 0 5  . 1 111 4 ,455  . ,: -7 4 4 . LCIU i l  1 2 . [I 0 111 . 2 [I 111 , D O i l  ?, .- - 

- -  - 
13 'i - . 111 i l  1 -.?lljr - , i l i t ?  , il [I i l  . O i l 1  . i i  [I 111 . 111 0 il , 111 CI 111 . 111 0 111 
LOP.IGSHOFIE STkT I I~IT.~] 4 
Y 5 . 2 5 4  8 1  , 4 3 1  1 6 9  a 080 26'3,782 3613 i t81 545.410 9 1  9.:3671 639.55.3331:3.= 

1 0 2  . 448  0 :< . 111 [I 5 .64[l .255  . ill1 . 111 12 111 . i:~ 111 !:I , 0 111 I:I 
- - -  - - -  

c!'Y - . u I) 2 - . I I : - . <I i l  5 . iJi10 . [I I:! 1 . 111 CI . fi 111 111 , 111 CI [I , CI 0 i l  
L*:~I.]I;!:;HI~IEE STtiT: !ZI~..: c 

f 7 .4 .34  'GIG 19'.--' 176 ,440  2-:3 114 '::gi<. 225 54E. 374 319 ' 3,371&5:;3 5,53:::.31:-: 222 
1 -  . L I L r  - , 

- .  4 3% - - -. c ., :3 1 1 - - -  . I) I-! I-! - - - 
!A!.;<. . [I 111 5  , : I:@ 111 , k, .:: 5 . L .-I A . i t  p I:! . 1-1 1.1 1-1 
o'.~" - , I I : - . CI 1 1 - . 111 1 2 - . 111 11; 1 . 111 il 1 , 111 I:) i l  . !:I 111 !:I . !:I 111 I:! a 11: '11 11: 
L~~I.~GSHI:I~,E :,Tl-,TI ':IP! 5 3  

"r 1 111 , [I zj 7 F? > . 7 [I 4 1 ::: 4  . :3 5,z 2 ~3 ,5 , 3 G 7 ,3 7 g & 2 2  T, 5 4 5  . 3 4 4 51 1 ci '3 ,< - ; ,< :I: zi 5 5 :: :: .:: J, :$ 7 .? 7 . --- 
tit~ . 111 111 5 . 111 9 e . 4 2 :I: . b i ,.; , 2 4 3  . 111 i 1 . I:! 111 o . i100  ~ I O U  - .- - 
U'%i -.Oi:r4 I - . i l l 5  - ,  iii11 . D O 1  0 i l  i l  , C! 111 [I . 111 111 12 . ::I 0 111 
LilI;.IGSHDRE STAT1 lIIT.%i 

- 
'Y 1 a 4 2 7 3 :-; . 5  5 ,I: 1 9 5 , 111 7 7 2 3 7 i< ::: 3 7 4 7 , 6 ,-,< 7 545 255 919.3i571G33, 5533:1 :3 ,222 
OX . 111 lj 5 , 111 zi 6 .4i16 . t-1 is 2 4 :I: . ::I 1 l . [I [I i r  , 111 [I I:I . 1-1 1-I 1-1 - - - 
- . .. 
L! I - I 1 5 - . 111 1 7 . ,_ - .  1:118 - .CI I : I ~  . I:I I:! 1 . ,-I - 111 12 , '2 [I 111 . 11) 111 111 , 13 111 I:! 
LI~II...IGSHI~!RE ':>TclT 1 1III.j ,a L' 

I' 1 - , 56::: 1 7 .  207 ,::i19. 319  379, 8511 5 4 5 ,  1:13& "1 3 .  56-1 Gi:?. 55::1:51 8 ,  2 2 2  
Ll ;;<: - - - ., -: .., . CIci! ,-I s-, 

- - - . 111 0 5 . 111 3 5 . .3:3 8 . G 1 111 .iiL , 111 1 111 . - ,-, 
. , .  . ,-, 8. 12 

- - -  - a i 1  0 5 - I I ..' .' - , !> I> 111 i:l !:I !:I 
- - -  

Q"i , - --.. . I 2  2 - . i l  [I 1 . [I [I 2 . !:I 111 1 . !_I ._I ._I 

Lt:lbIG'~Hl:tp E SThT: !31.j i;, 

'i' ~ 2 . 5 ~ ?  1 7 : : :  7 4 9  224 ,787  '"':a'- 4 7 >  586 .255 :  544.5355 ~ : ~ : f : ~ i ~ = : ' ~ 1 . " - ' = ' - - ' 1 ~ : .  T'?, 
& I  . . .-. i l.7 . L L - - -  - 8 .-' 2, .-, : - - - 

- - -  
., .* % . [I I:! 5 , CI 3 .!: . ;:bs .61t;  . L L _  , 1 3 1 1  . 111 I:: I:! . ,., - ':L ':( q ,-, 1-5 1-8 , !? 111 111 
'-I" - - -  !;I :s - - - - 
._. I - . !:I 111 6 - . 1-1 2 '=: - .  La' - . I:I i~ ; , ~1.12 . !:I 111 1 , 111 I:I G . 8 i l  111 . 111 111 111 
L~I~;IGSH~IF E 5Ti-T I OP.1 1111 
"i .-. i L , j ,  i 1:149 1 3 2 .  9 ~ 1 . 3  2 2 4  . 7-4 34,. 25% 395. ,TjCri1=, 445 ,  5 1  z: 5315, ::;!:116?9. 55::1::::15, 222 , r _ _ ,_1 - 

'-1 q 1 , 5 9 ::I 0 j( . I:! 0 5 . I_ _ . .3 4 54 . L :' 1 --, '=' , 111 1 2 , 11: !:I 111 . I_, L _ , !:I G I:! , -8  ,-I ,-I 

- . i l  I:I 7 - - - -  
I:! 'r . [I 3 7 - , l j  .3 .:: - , I:! [! $: . [I 0 :3 . 111 I:! 1 . 111 I> I:! , El [I 111 , I:! 111 111 
L ~IT..I G !5 H i l  Fi E STAT I OI;I : 1 
'Y ,:;,I. 4-IC. 150 55,5 2,;5. 1'1:19 c:i;ci, 740 411:1 457 547 .  11: 91". '37216:?3. cC,2C:::::C:. 222  

d '_' - - -  - - 
- - 

I:IX . i t05 . I:: ::: 1 . .I: 1 . ,: .... -: 2 241 . 2 1  , !:I [I I:I . 1:. i r  , 111 111 [I 

OY - , I I 7 - . ::I 4 9 - . 111 4 0 - . O 111 4 , 111 CI 2: , [I [I 1 . i l  .- [I [I , I:! !:I 111 . 111 CI [i 



LitP.IGE;HORE STAT I O N  1 2  
Y 5 7  =:, =,16;-:54. w533318.222 L,i a 1 0 5  166.364 291 .it59 388.528 427.77i i  545.818 313.  - - " '  

Q;< CI CI 6 .a  91 . .3 .., Sz .IJ .-A ;, .524 , 2 2 1  0 22 . l j U i l  . 111 i l  CI . CI i i  i t  

pY - .  [lit8 - .  061 - .  046 - .  i i i i1  , [I Ci 3 .1?01 [I i i  , i~ 111 [I , i l  i l  [I 

LONGSHURE STAT I ON 1 3  
Y -24 .708 15 .548  86.456 349.719 423.E:lS 548.919 5119.3731639.5533313.222 
Q.:(: . i t  0 . i l  i l  0 . I 6 2  1 .[176 - 2 8 6  . O:12 . i t  i l  rj . [I [I [I , i l  i i  0 
Q "i . ii Cl 4 . [I 25 . i r i t O  - .  0 0 6  . 0 i t  1 . o i l 1  . CI il i t  . 11) [I [I , 111 111 i t  

LiIbIGSHORE STAT1 Ubl 1 4  
'r' -23 .391 15 .392  72 .875 246.?CI[l 38i1.615 547 .224  519.  :::7016.::3.553331E:. 222 
OX , i l  [I 2 . 0  31  . 057 .0 i t3  . i l  i t  <I [I [I [I , [I [I . 0 [I [I . 0 0 111 
OY . On4 . [I 29 a 0 22 - .  1:104 - .  0i11 . 0 0 i t  , 0 [I 13 . CI [I [I . CI [I 111 
LOblGSHUP,E STATIObI 1 5  
Y -22 .565 15 .505  66 .466 134.605 2:31.924 544,9658 919.:::6G1639.5533318,222 
QX . 111 111 1 . - L L  '-, 4 ,213 . -1- y . i l41  . i t  111 0 . 11 CI i t  . 111 i t  i i  . 0 1:i 0 CYC' 

I:!'< . I:I i 1  4  . [I 3 i t  . 028 -.C101 - , C i i t l  111 i! [I . 111 0 13 . 0 0 111 . 0 i t  i i  

LONGSHORE STAT I ON 1 6  
‘r' , :  1 3  a 437 7i1. 5i15 177 ,  2C:O 3DZ. ,357 542 E:53 919,  3511639.  55,3331:::. 222 
p:< , [I i i  2 , 111 4 3 a 2 i i  CI . 467 1 2 , 111 [I 1 90[1 . 111 CI !:I , I:I 111 111 
UY - 0 0 4  . i t  30 . I L, 7 7 - a 111 i l  1 . il i l  i l  - . 111 111 1 . i i  [I i i  . 111 111 111 u i l  [I 
LObIGSHilRE STAT I ON 1 7  
Y -16.  [148 26.5i l0 81 ,454 179 ,  219 285,548 54 i1 ,  E:93 5i15 35816>4,  + - '"-- -1 -, 5 Z: .., Z ' 1 C '  ,L- a - ?-'I' c - 
PX . IJ 111 3 , I:( 6 3 ::: i--, ,435  104 . i 1  il 1 . o 11 CI . :3 ::I 111 - -  - . - 

, U l j  I-I 

L I ~  . i t i f3 . il L ' b.3 ' . i124 [I 0 111 . 0 0 0  -.i1i11 [I i i  i l  . 12 111 111 111 [I i t  

LONGSHORE STAT I ON 1 8  
'i -10 675 39 ,438 l i l C 1  262 192,6::7 286.2E:1 54~1  175 919.3571635i 5533313.222 

. 111 0 5 . 111 8 4 .294 ,434 . I 5 3  . I:I 0 3 . G O O  . [I 111 111 , [I 111 [I 
LI'( . Oil2 , 111 1 3 . 111 1 8 . i t  111 4 , I:! i l  1 - , '11 i l  1 . O i i  111 . CI [I ::I . 111 (I 111 
LOP%IGSHitIIE :STATIOE~I 1 9  
Y -4 ,  ,E:4il 55 ,  i i  32 1 2 4 . 1  G i l  21  5 .565 ,305.461 541 . 5,:7 919.3591 &5,::9.?353:,>13.222 
g:;r a i i  111 5 . i i  91  ,324 .54E: - 2 6 4  , ,:I 2 L.) . I:I I:) 1:i . 111 111 111 . ::I !:I 111 
0 '( . 111 111 1 . i1U9 . I . I U ~  . i i05 , ~ 1 0 1  - , i:: 111 1 a ::I 111 111 . Ci il i~ 

- - - - - - . [I 1) I-' 
I_ itt..IGSU IIIRE STAT 1 0l.J Z i l  
. .. 2 519 7 1  , 143 148 , G9C; 24Cl . 1 ,I:- : 2 9  , $i :T 543.  GO 91  9 ,  ,::E,,:16 ::9 5533.::1:3. 222 

Q:X . CI [I 5 a IJ :f 1:: .319 - 5 1  1 . i - -  :, .3 .:: , 1-1 cm Lm . [I [I 111 , 111 111 111 , 0 111 111 - - -  - - -  

cl.y . O i l [ ~  - . [ l o1  . ~ i t ~ ,  . , 111 i l  1 . 111 [I I:I . [I CI Ci , I> !> 111 . 111 0 111 
LONGSHORE STAT1 ON 21 
'i 9.1514 8 7 .  172 .  311 26,::. 303 352,  GzE: 545 .  152  913 7:671f,551. 55I:Z:.31i: a 222 
!:I , ~ 1 0 5  . 111 ::: y . ;: 1-1 8 ,5111' . 24; 11: 2 2 . %:I 111 111 . 111 11: 1:; . I:I 111 ,:: - -  - 

LI".i 
- - - - . I - I I J~  -.Oit'3 - .01:17 . 111 [I 5 . i l  0 1 , ::: ::I 13 . ,-, ,-, ,-, ,-, c! - . ::I 111 111 . 111 i11 111 

L~I~..IG!~H~IF~E STAT I 1:1f.1 22  
'.i 1: b-, . .csl"lq ,-, - l i : l ~ ; m ~ F 2  15j6 441 28G,g9? .::?.:;.Gcl:t; ?L),;,~Z? , 3 1 Z i s  : ! F l : 1 ~ f ~ , ~ ~ ? ~ ~ , ~ : ~ 1 , ~ : ~ z ~ ~  

I:I:>L% . 1:: 5 . 111 , , ,  -7 , 297  . 5 1 1  ,242  . 111 2 1 , 0 111 111 . 111 111 , 111 I> 111 
Li 'f - . i t  111 3 - . I:! 1 2 - . 0 1 5 . 111 111 h:. , 111 12 1 . ,-, ,-I I-, - ,- <-I . 111 111 i:! , 111 :> 12 . .-I _, ,-I I- il _ 
LtJpJGSHilRE STAT 1 lilr-.: 2':: 
' I  2.3. :JY? 120 . :f:~.)5 TL.?;' J;1 , z l l  3,  273 :->'-', ";47, 1;s :~;~:1~=:'2, 551 ?i:l:z: 222 

bk... . -I_ 8 - - - 

1-1 .A , 0 5:5 -, ,-, 7 , i; ,> c , -- s. 7. c: - - -  .ip" a -1 i 0 . i _, '_ :-I - .- - -' . !:I 111 I:I , ;:I I:$ ::s . I: 111 111 
0'..,' - . 1-1 IJ 4 . 1-1 .=: . 12 G . 111 [I 1 , 111 i:: 1 . il ::: i t  

- - -  
-.lJz'y - - - -  ,-, ,-, . - ,L' ,-, . 111 1) ::I 

LitNGSHitRE STAT I ON 24 
' I '  :2~t .:;44 1 4 1  Az:F,F  25ze5j1;3 .241 ,154 411 Jzi1 ~ d , : ~ . ; I : l ~  :i1zf, > ; 5 l c ~ ~ ! ~ i . F , ~ , ~ : : : . : ; 1 ~ : . ~ 2 ~  
~ j : <  ' . 111 CI is . i129 245 , C-77 -4 i C. :, .:. r, . _ ic . 11i 111 111 . ::I 111 111 . rl !:I i l  . i-... j l  ':, 5 

O'i; -.Oil5 - .<143 -.i l3Z: . 111 [I ;:: . ig ?I c . 111 111 1 111 [I CI , ::I ;:I . 111 CI 111 
- - -  

LOi'%IGSUOF?E STATIiiI'%I 25 
' f 1'4 a 575 1Cm3 14G 279 718 364.4i15 423-1354 543 E:iT.E: 913.  -39 55::::31,3.222 

4- . 
0 ;( . [I i l  6 0 33 ,311  .487 ,224 , 111 2 4 . 13 [I I:I . 111 i, 111 . 111 I:I 0 



Q"( - . ~ I [ I G  -.1:156 -. i t42 s [112 . Oil2 , 111 I:I 1 . 111 111 CI . [ loo , I:I I:I !:I 

LUNGSHORE STATI ON 26  
'Y -25 .599 11 :3[11 67 .545 33i1.446 42;1J. 795 549.44:: 319.5741f,39.5533318.222 
13:;< , if 111 0 . 0 [I CI ,1:188 1 . 0 4 6  . ~ G G  ,-' C' , 111 1 2 . :I CI :I . [I 111 111 , Oil0 
L!'i . 111 [I 5 . i 1  3 1  . [I i i  1 - . [I i 1  6  , I:I 0 1 . I:I 3 1 . [I 13 CI . 111 CI 111 . 111 111 [I 
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EXAMPLE 3 - OUTPUT 

k-k-k-k-k-k-h::k-k-k-k:k-k:k-k-k-k:k-k:k:A:-A:*-k:k-kkk-k:k-k-k-k-k-k:A::k:A::k:kk-k-k-kk-k-k:k-k-k:k-kk-k 

THE DEPTH ( I N  F T )  l%ICiC'ES TRANSFORMEG TO, L%IDEPTH= 3 2 . 5 0 8  
k-kkAk:kkk-kk*-kkh::k-kkk-k$I-:~:-k%:~k~k9::~:~k-kkk:kk-kkk:k-A:kk-kkkkk:k-kk-kk:k-k%:kkk:kk-k-k 

THE HEIGHT OF THE BERF1, BEF,M= 5 . 0 [I 0 
THE SLOPE OF THE BEACH FACE, SFACE= [I 5 i~ [I 

THE SEC!IMENT DIAMETER, D I f i t l =  .-, .-, . & L C 1  
-kkk:k-k:kk-k-k:k-k-kkk:A~:A::kk~k-k~kk~k%-:k-k:k~k:h:-kkkk:kk-k-k-k:kk-k:k-k-k-k-k:kk:k-kk-kk~k-k 

THE LENGTH OF THE STRUCTURE, :?JETTY= . i l  i! 0 
THE NUMBER. 1 GROIN I S  LOCATED AT GRID 3 

5c-k:k-kk-kkk-k-k-kkk.kkkk:k:k:k-k-k-kk-k:kk-kkkk:kk-kkkkkk:k.r:k:kk-k-kk:k-k-k-kkkkkk:kk~k 
THE CIALCIE  IF APEAN= . I 5 0 0  IN THE EQ. H=AYkk2/3  

k-kkk-k-kkk-k-k-kk-k-k+-kkk-kk-kk:k:kkk-k~k:k4k-k:k:k:k:k-kkir:k-k-k-k-k$::k:kk-k-k-kk:k~k-k~kk 
THE ?:ALI-IE OF THE LCING!?HOF?E SPAC:E-STEP, [)X= 2 1:1 !:I . I:! 111 111 
THE TIME-STEP 1t.l E-EC'ONDS, DELT= 216C10. 0 i 1 i 1  

-A:%-kkk%kkkk*:kk:k-k-k:k-k-h-:1.:-k:k:A~:~::krrk:A:-k:kk:A:-k:k~kk-A::k-k-b:-k:k:A:-k:k-k-Ic:k:A:k-kk:A:-A::k 
THE 1 N I T I A L  SHClPELIbJE C.I:ICIRDII.*J,L,TE:; : 

, [I 0 . 0 0  . Q (I . 0 111 . 0 1:1 . i t0 , 0 [I ,013 . 11) 111 , 111 I:$ 
- - . i l  i l  . u 1-1 . 111 o . o il . 111 I:I . 0 0  . i l  i l  . 111 111 . 111 [I . ,-, ,-' ,-I L . [I [I . 111 I:[ . I:I 111 . 111 [I , 111 111 s CI CI . 0 111 . 111 i! , 111 111 - - 

- - . :I ?I . 0 . i t  I:I . LI 1-1 . 1-1 1-1 . [I [I . IJ i l  0 CI . 111 [I , CI [I . 13 13 - - 

. 111 i~ .Do . 11: I:! . 111 0 . il i l  . i l 0  . i l  0 . CI [I . ULI . 111 111 - - 

-k:k-k-k-k-kk-kk:k:A:9::kk-k:k:A:-A::k:k:A::A::kk-k.k:k:k-k-h:.k:kkk.k:k-k-A:-k:k-h::k:k-k-k-k-kk*k:k:h:%::A::k 
THE Bi~Up..ip&R.( >I.' -i,,.'p,L I-lE:> , I = 1  , I MA:<:, A I? E A F [I L L I:IL.J S 

.[lo 3 1 . 6 2  6 8 .  $ 4  1 5 7 . 7 1  2 5 2 . 9 8  4 6 4 . 7 6  7 6 < 1 . 7 3  11115111.41 l d 5 i s .  5111 26,4. 
- - . O i l  ::1. 6 2  : I 1 3 7 . 7 1  2 5 2 . 5 8  464 .  7 6  761:l. 73 ii:15C. 4 1  l G 5 i < .  5G 2i:,-;1. ;:5 

-h:.l-%kk~k-k-k-k-k~k/cA::A:~A::A::k-k:k:kk-k:k-A~-A:-k-k-k-k:kr-k:k:A::A-:A-:1::k:A::A:k:k:k:k-k:A:-k:k:k~::A::k -*.A-+A: 
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:A:-k:h:k-k~,k-k:k:k-h::k-A::k-k-A-:k:k-k-~::A:.k-k-A~~A::A:-h::A:~k:1:-k-k-A--A:-A::A:~:A::A::A::k:k.k-k:k:h::k:A:-k~:~- . -k.A:.A: 
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EXAMPLE 45 - OUTPUT 

-ktk~kllr-k~.k-kkkk-k-krrkkk-k-k~k:k~-kk-k~~k~~~~-k~kkk:k:k:k-k-k-k:k~-k:k:A::A:-k:k:Ai,i,k:A::k:k 

THE UEPTH ( 11.1 FT j l.JAG1ES TRANSFORt.IED TO, l4DEFTH= 2; 2 8 

k*:k-kk-k-k:k-k:k.k-k-k:k-k-k-k*-k-k**-kk-k**-k*-k**-kk***-k:kk-k*-k-k-k**:A:*k-k*k-k* 

THE HEIGHT OF THE BERM, BERM= 5 . il u 0 
THE SLOPE OF THE BEACH FACE, SFACE= . CI 5  111 <I 

THE SEDIMENT DIAMETER, UIAM= .2213 
:~:*-kk-k-kk***-kk*&kk**:k*-k-k-kk:k*-k-k****%-k-k:kk*-k*.k-k-k-k-k-k-kkk:A:-kk:k:k 

THE LENGTH O F  THE STRUCTURE, SJETTY= 250 . i t  i l i t  

THE NUMBER 1 GRCIIN I S  LOCATED AT GRI D 33 
***.k-k-k**k-k-kk**-k+k-k**k-k-k*-kk*-k**-k-kk-k*kk*-kk-kk-k-kk-k*-k-k:A:-k:k-kk-k 

THE VALUE OF &DEAN= .150[1 I N  THE E Q .  H=&(+k2..J:3 
-k**-k*-k-k*%*-kk-k%******-k-k-k*-k*:k-kk-k-k-k-k**-k*-k-k-k*-k*-k-k-k-k*.k:k-k-kk* 

THE 'JALUE OF THE LONGSHORE SPACE-STEP, DX= ll:1[1. 000 
THE TIME-STEP I N  SECON[)S, DELT= 21600.000 

-kk-k-k.k-k*&k*-k-k*-k-k*k*k-k*-k*-kk-k*:k-k:k-k-k-k-k*:k-k:kkkk-k*:k-k:k-kk:k:k*k-k:k:k 

THE I N I T I A L  SHORELINE C:ODF.C)II.IATES : 
.00 . 0 111 . . i10 . 00 . it0 . 0 i t  . il il . a 0  
. 0 0  . i10 . [I 0 .00 . I:I i t  , 1:1 i t  . [I [I . il 0 . i10 . 111 1:1 
. 00 . 0 0  . [ID . I:I i l  . 00 . i10 0 0  . 111 0 . [IO . 111 [I 
. G O  . it0 , 13 . O i l  , CI CI . 0 !:I . 1:1 0 . 111 . 0 i t  111 [I 
. i l  i t  . 0 i t  0 0  . o i l  . CI [I . i l  i l  . 13 i l  0 . a 0  . 1:1 I:! 

:k-k-k*-k-k-k-k*-kk*k*-kk**-k-k-k-k-k-k-k:k-k-k-k-k-k-k-k-k-k~k-k:kk*-k-k:A::A::k:k:k:~:-h:-k:k:k-kk 
THE BOLlN[)&R"f 'f-VALl-IES, I , IMA): ARE AS FitLLl:tL.IS 

. i l i l  31 .62  Gp,.i14 1 3 7 . 7 1  252.93 4i:4.75 7isil.73 1050 .41  1656.50  2674.85  
 iff"^ 31 .52  68 .04  137 .71  252.98 464 .76  760 .73  1 0 5 0 . 4 1  1iz56.50 2674.85  

-kk:k-kk-k-k-k:k:k-k*-k-k-k*-kk:k-k-k-k-kk-k-k-k:k*:k:k:k-k:k-k-h:k-k-k-k:k:k-kk:A--k:k:k*:A.-k-A:k:A: 

THE [IEFTHS BETWEEP%i C:ONTOURS AFcE AS  FOLLOI45 
1 . 0 0 2 . [I [I 3 .  i10  5 . i t  i t  ~ . I : I O  I 14.1:11:1 :7.1:11:t 25.1:1o 3 2 . ~ 1  

.~::k-kk:k-k:k:A::A:-k:k:k:k.k:A::A::k:A:kk-k-k:A::kk*-k:k:A::A:k$:k:kk-k-k+-:A:-k-k:k.k:b::A:-k:k:k-k :A. ,..A:-k:k 
-~-~:~:A::~-~-k-~:A:~.k-k:A:-k~k.k-k:A::A::k:A:-~::A::k~:k-k:k-k:~:kA:-k-k:k:A:-kk:A::A-:h::k-,k:k-k:A::A.:A.-A:~h -4::A::k 

BRE&KL.jATER LEFT LI:IC: p,IGHT LIIIC LEFT ' r '  Clk iUE R ' l r i l T  i !,.!GLUE 
1 1 8  LC .2 CI i~ . 111 I:I 3 .-, 2: IiI l j  , 111 [I 
2 24 it 13 0 0 . 111 0 :::[I [I , 111 111 - - 

kk:A:-k-k*-k:k-k:k:A:-k-k:A:-k:k:k:k-kk:kk:k:A:.kk:A::A:-kk-kk-k:A:-k:A:-kk-k-h::k:k-k:k-k:A:-k.k:A::k-k:A:.k-~ 

1 4 . ~ 1  6 . 0  25 .0  i t  

2  4.0 6 . i 1  25.0 13 
3  4,111 5-13 25.Cl 0 
4 4 , 1 6  il '7, C - 

L J . 1-1 i l  
z 
J 4.0 6 . 0  25.0 i l  

4.Ci 6.0 2";.1:1 k, Cf 
7 4.O G . i l  25 . i l  i t  

C, 
,_, 4.0 is.1:l 25.Cl U 

9  4.0 I 25.0 U 
10 4 . 0  6 . i 1  25.0 i l  

L  1 4 .0  6.13 25 .8  1-1 

4.111 6.111 2 5 . 0  12 1-1 

1 3  4 . 0  1 25 .0  0 
1 4  4.0 6 . i1  25 .0  O 
1 5  4-13 6 .0  25.D i l  

1 6  4.0 5 .0  25 .0  i l  

1 7  4.0 6 . 0  25.0  i t  

1 8  4.0 6 . 0  25.0 i t  

1 9  4 . 0  6 .0  25. i l  i l  

2 i l 4 . 0  6 . 0  25 .0  <I 



21  
.-, .-, 
L L 

23  

24 
25 
26 
.-I - 
L i 

28 
29 
30 

THE TOTAL 

4 .0  G.[I 25.0 
4 .0  5 . i l  25.0 
4.0 6.0 25.0 
4 .0  6.0 25.0 
4.0 I 25 .0  
4.i1 6. i )  25.0 
4.i1 5.C1 25 .0  
4.0 6.0 25.0 
4 . i 1  6.Cl 25 .0  
4.0 I 25 .0  

ELAPSED NUMBER O F  

O 
i l  

i t  

if 
0 
O 
O 
0 
I:I 

O 
T I  ME-STEPS, NlJjI !J= 

LONGSHI:IRE STAT I 1 
'f . C100 31 .623 68.  [141 137 .706  252 .932  464.758 76<1,72511:[50.4141656 502 
I:!;< . 0 0 1  . 0  29  . I 5 4  1 .173  1 .178  . [I 39 . (1 [I 0 . [I 111 0 , O O O  
IQ '~ '  .Oil0 . [100 . [I [I 0 . 111 0 [I . O i t O  . 111 0 [I . 111 [I [I . 111 C! 9 . 111 111 [I 
LONGSHOKE STAT I ON 2 
'i ,365 :3:3.172 71.497 143.45~3 257.11158 454.352 76i1.7251050.4141656, 5 i12  - . ,. L!,><% , 001  . [I 29  - 1 5 4  1 - 1 7 >  1 . 1 7 8  . u 33 . [I CI 111 . 111 <I ' 111 C! [I 
Q'f  . i 1 0 0  - . 0 0 1  - . I : Io~  - , [ I L I ~  . [I 0 [I . 111 0 111 . [I [I [I . 111 !:I I:! . 0 0 111 
LONGSHORE STATIC1P.J 3 
Y' .704 134.570 74 .537 143 .  $521 26 i1 .  E:90 454.894 74j~.7241[15c1 4141656 5[12 
CI x . 001  .028 ,150 1 . 1 4 4  1 . 1 7 0  .0 85 . it00 . 0 !:I [I . 111 111 [I 
Q'( -.Oil1 -.Oil2 -.[lo3 - . i 104  . [I <I [I . Oil0 [I 111 [I 111 !:I [I . 111 111 111 
LOI\IGSHORE STAT1 ON 4 
"T' 1 . 35.  :371 77.355 1 5 3 . 5 i 1 1  264 ,551  464.353 7gi1,7221c15[l. 4 1 4 1 ~ ~ ~ ~ -  -. .-t 0 . '- .-I I-I L 

OX 0 0 1  . I:! 2 7 ,148  1 .140  1 . 1 6 6  ' . 0  37  . O Q i !  . [I [I 0 , [I 0 I> 

c,.., - . [ l o1  - . 003  - .no5  -.1:106 . 0 i:! !:I 12 111 [I . U 1-1 11 a [I [I [I . Cl Kl <I 
- - -  

L ~II.IGSHI:I RE STAT I 111kj 5 
.. .. 
T 1 .,::/31 '37 ' 203 :3[1 . 256 15E:. 493 268.  21114 462 . 74[l -'.'* ( ,:,,-, . :14:fi5!:! . 414165i5, 51112 
,TI '..... 
i .. . 15 I:I 1 . - - ,  1 6  1 - 1 2  1.1,52 . ,-  - , .- ,=: - ,.. . (3 [: ::I . ::: ::i !:I 11: 111 111 ;-I '7 7 

1:1;; - ,01111 -.g1:14 - . g o 7  - . 111 (I 5 . 0 1:t C! -: [I !:I .- ;, I? - - -  . - . '_I _: _. , :-: I-! A !> :I, 2 
LI~NGSHORE STATII:I~.~ 6 
( 1.T::;il :1;8.654 3:3,:365 16,::.71::; - .>?1.5{21:1 -i 4 6 4 . X . 2  - ! - r - ,  ' . - -  ; ~ ~ 1 . l  . hCi61'35C1 - -  . 414:65E . 5132 
f i >' A .. . , [I 111 1 - 0  27 . I 4 4  1 . 1 0 8  1 . 1 5 5  . ,-, -. C, ,- - . , [I fi [I . 1:; 3 !:I 
- .  - - -  

' I:! C! 0 
1-1 '7'' -.Oil2 -.1:105 -.I-Iu:=: - . 011  . !:I [I 0 . 13 [I (I . [I 111 0 , 12 311 . 111 111 [I 
L!:IP~IGSHI:IRE STAT! I:IN 7 
' ? 2 .158  40 .  23111 85 ,  749 '169. 224 275.  722  4654. 250 76<1 5541!115~11. 41JlE"i: s .-4 -: . :-'m .J i l  

*A .,... . i101 . 0 26 - 1 4 1  1 0:::6 1 , 1 4 7  . _ ieii . <I [I 1:; , -. 1-4 ~ L L  , ::I [! .I: - - -  
( ._I .1 .-, 7 ,  I-, 

- .  
1-1 I; - . 111 [I 2 - , 3 [I 6 - I-I 1 13 - rl ,l .=: - - -  . L . - A -  , :2 1-1 I? . .  . 111 :g :I: , I. il I-! . -1 1) I:! 

,-, I-, ,-, , . , . - - -  

Ll~lP~lG!3HORE 'Z.TATIIII~;~ 8 
.i 2 .  -64 42 ,119  9111 ,455 1-5.1:;~:~; 2-5.  ,315 4 ~ 3  ;=; .- , I:,:-, - -  , sI<si .I, :.!I , GL'Z,L +sSi; , 5 c ;  
!:I::(< . 111 0 1 . 111 '2 b i: -8 . 1 : - 3 1 . 111 6 1 .? :: .c, - - -  

.I;-- . _ _, '_ , [I 13 I: 
, . ,-, ,-. ' _. ._' -' 

I-, .-I .-I , ,-. '1 :-I I-. .-I 

- .  
lLl I; - .!:I0 3 - 1 1 :  - .  012 - ,  015 . I:! [I I:! , :I: !:I 111 , 1:; [! 111 . - -  . '-I '2 '-I 

- - -  . I-: ;-I '-, 
LI~I'.IGSH~IF.',E STAT1 I:IP..~ 3 

,- - - -  
'1' =:, zbb 44 .  196  3 4 ,  5 1  2 131  2 , ~ 9  2:33, 570 462,  9.35: 7-i! 41-1.1. , - .., I i !-LC;: .-. ... - . a - ; , i .: , r .-= -, t:. - . 5 12 2 
- .  . 
I,I,;: . I:[ 12 1 . CI 25 .1:5 I,[I:::CI 1 . 1 2 5  , IJ - :S - -  :t , I:I 12 o ,-, ,-, .-, . 'L' L '  ., , !:I !I I> 

l:l ".f -.[10:3 - . C ! I : I ~  - . i l l 4  -.1:117 . 111 I:! 1 , !:I 12 12 . C: [; [I . 1-1 !-! i-: , I:; 12 11: 
- - .  

Ll:lI.IGSHORE STATI O N  1 U 
Y :). 376  46 .523 9;3.934 1 8 7  82% 2;5;7 549 4 "  c,1 .&44 76l:l ,1111,:15!> .di1:'165&.5<12 
Cl>< C I O ~  .015  . I 3 0  . 27 a:j 7 1 . I 1 8  . 0 9 1 G O [ t  , [I C! :3 , :j - - -  I-! I-; 
O ' i  - .or14 -.it11 -.DIG -.1:113 . 0 111 1 . 111 111 0 . 111 [I 0 . 111 111 CI , !I <I 111 
LilN~SHi:lRE STAT I I:IN 11 
'y 4.51111 49.118 11113. 725 1 9 4 .  723 291  , 4 7 8  455.1544 754,  6:3:31050 . ~ + 0 2 1 + Z = =  -! -1 Lr . ='.-, .-I LI L 

Q:Xi . 111 0 1 . D  24 a 1 b ..:a 6 ,960 l. l I: l& . 111 5 1:: . [I [I [I . 0 111 0 . 0 I:! I:! 



Q'f -,1:104 - . i l l 2  -.018 - . i121 . 001 . 111 [I 1 . i100 . [I 0 1:1 . O O O  
LONGSHOKE STAT1 ON 12  
'i 5,735 51,9$:2 1i18.389 2C11.942 295.305 456.657 758. :?041i15[1.3941656.502 
OX . 0 0 0  . il'? L .-. . I 2 0  ,921 1 .i192 . 0  96 . 111 CI [I . <I <I I:I . 1 j 0 0  
Q'i - . i t05 - . i l14 -.020 - .023 . il CI 1 . 0 i l  1 .00[1 , i100 . 9 111 CI 
LOMGSHORE STAT I ON 1 3  
Y 5.753 55.044 114.432 209.441 299.136 452.37i1 757.868105i1.:3321656.502 
GiX . [I o i t  .023 ,114 .878 1.077 . CI 99 . il CI i l . . OCIO 
OY -.[lo5 -.016 -.023 -. i125 .001 . [I 1 0 0 0  . 0 [I CI ,00<1 
LONGSHORE STATION 14  
'f 7,798 58.341 12C1.377 217.175 303.170 446.464 756.4941050.3641656.502 
OX . CI CI CI 22 . l o 8  ,835 1 . i f 69  . l o 3  .it00 .000 . Cl i l CI 

G!Y -.01]5 -,019 -.it25 - .027 .001 . il CI 1 . i t  CI 0 . o i t  [I . ~ 1 0 0  
LONGSHORE STAT I 0E.I 1 5  
Y 8.779 61.831 126.81118 225.173 :307.4[12 438.645 754.7841i150.3381656.502 
0 >< . CI 0 , [I 21  .I00 . - 4 P, 1 .a60 .1i17 . 0 1:1 i t  . ~ I O O  . 1:1 11 1:1 
"i 

- - -  - .00i: - .a21  -.028 -.I-I;:~ . D i l l  . 001 . CI El 0 . CI [I 0 . 0 I] [I 
Ll3NGSHClP.E STAT I ON 16  
"i 9.545 65.417 1:33.962 233.187 311,671 428.651 752.7821050.2391656.502 
QX -,0[11 , [I 215 . 111 9 1 ,755 1.044 . I l i l  .0il1:1 , 111 i t  111 . LI [I [I 
QY -.006 -.024 -.032 -.[13i1 ,001 ,001 . I:! <I cl , $ [I I:! . 111 0 
LUPIGSHOP,E STAT I ON 17 
'Y 9.861 68.52il 141  .773 244 . 'i 1 3  .- 316,401 416.289 750.5741i15i l .  2'381656.502 
c!.>(; - .  O i l 1  ,013 . U 8 3  . 1. i118 -112  . 0Oi1 . 111 11 0 . 0 111 il - - .- 
G!Y - . i106 -,027 -.037 - , cl :=, .., '7 .- . 11 i t  2 ,001 . 0 [I . [I 0 il 
LONGSHORE STAT I ON 13  
'>i 9.469 68.799 145,:363 257.194 :321,232 412 .,1:30 743. 45311:150.146165i5.502 
I:IX - .  001 .017 . $ 87 -955  1 .063  .' :3 9 4 . il il 0 . 0 il i~ . I:! 0 111 
u'.~.' - .a06 - .a27 -.040 - . i t42 .[I 5 1  , I-! u 2 . 111 0 0 . CI 111 i t  . 0 0 I:! 

- - - 
LI~INGSHCIRE STAT I ON 19  
"< 8.248 ~ 4 ,  [11" LL 137 - 3 0 9  259, :3j53 324, 3::;7 42~5,  - , - , ,  ?C-Cj 746,84i311:;5il. 13151656. 502 
n.,<.' .. , .. .01:10 . [I 1:l 2 ,011 . .dU L I -4 I' 9 . 0 111 $5 . 0 0 1:1 . 111 0 0 = - .-a 1 [I 2 ::; 

Q'i -.on5 -.1:124 -.0:37 - i t c "  . - L ~ L  . [I 49 .<lo2 . 0 CI [I . 111 [I 111 . i100 
L ilN G S H F? E STAT I OP.1 2 i l  
"< 6 ,343 55.264 119.345 237.038 :325.574 447.954 '45.8521043.E:411656,5il2 
Q:X . [I CI CI I -.007 .;:it7 1.121 .;1~+:? .012 . 0 0 111 .1500 
I:! "i -.no4 - . 0 i 7  - a il.->? - L o  - .045 . i t  26 . 111 [I 1 . O O i l  , QQi I  . 0 [I 111 
LONGSHI:IP,E STAT1 CII.1 21 
Y 4,152 45.145 35,621 191 412 :319.149 470. ;535 745. 66311j49. 6:3i:165~3.502 

, 4 3 111 - - -  
0 :< . [ I ~ I O  - . G o 1  - . D l 3  -.U75 1 .067  !j 2 =: . 0 0 111 , <I [I 111 . 111 CI 111 0'.I -.IJ~::; -.I:II:I~ -.a14 - .025 - . i l l : ?  . i101 . <I 111 111 . 0 11 !:I 

LONGSHCIRE STAT I IIII~I 22 
"i 2.165 ;:6. 568 75 .[154 146. 39i1 297.  482.[145: '44.1061049.4:30165G. 5112 
QX . CI 0 i l .1:11;11 - , I J ~ I ~  -.11171 1 .a24 1 .:5g . [I 42 . 0 111 I:I . <I [I [I 

- - -  - - -  
I:I~ - .o i l2 -.I-IIJS - .002  -.VI-IZ - . o  35 ..- ,-I .2 -- i; , r100 . !:I 111 111 . a g i ~  
LONGSHijRE STAT I OPJ 23 
"i -.-- - -  , ; 4 :  66,  252 1 7 "  144 26% a 771 462, 81Ci 738,5451!:145, 2T<11ir;frGG 50.2 

h ,_* . 
. [ lo1 , 111 Ill Z! , 111 2 2 1 2 ~ ,  . 24 , !:I 111 0 . :I [I . O c ' i l  . .- . .-I 4 t% 

I:!'..( - . [I 13 1 . KI c 111 . ~103 . i108 -.i101 . 0 0 111 ::I 111 I:! . ' J ~ I O  . ::I 0 2 
LiIp~IGSHiiRE STAT1 OI.4 24 
'f - .- - - 2 2 0  31 361 65.974 129 304 261-1.537 444.972 737. ,3051049.3551656.51:12 

= .-- , 0  4:3 - - -  
QX . o i l 1  . 111 1 8 . a  73 .,,t.,, 1.1322 . 1-1 g u . 111 i t  I:I . I:! <I [I 

.Oil6 - .015 Q'c' - .  001 . 0 iJ 111 .002 , 111 2 7 . 3 111 0 . [I 111 111 . [I [I CI 
LONGSHORE STAT I ON 25 
Y - 7 ?, - , 29 .i581 64,433 1:21.7[13 275.104 455 825 748.3941C149.5481556.5i12 



G!Y: . [I CI 0 . i t02 .013 .18[1 . b c ~  .004 . [I 0 [I 1 3  4 '7, - - -  . L,,, 1 .219  .'.,.' 

IJ 'y .0i10 .001 . Oil2 .i1[13 -.02c; . 0 .7 L- '3 . Oil0 . [I [I i r  . [I 0 [I 
LONGSHOKE STAT1 ON 26 
V -1.442 27.681 62.014 133.384 287.194 479.465 755.1021i150.5431656.502 
QX . n o 0  .o i l3 .OLE( ,256 ,854 ,515 . I 7 1  . a 0 4  . b700 
1;i.y' . [I 0 [I . l j l j3 .[102 - .001  -. i138 .[I18 . 0 111 0 . i t  [I 0 . Oi10 
LONGSHORE STAT I ON 2? 
Y -1.57(1 25.533 6i1.798 1:35.167 272.003 5it3.462 783.4i191051.2051g56.5U2 
0;- . [I CI CI .003 .if 21 272 .38i1 ,560 . I 7 0  . El04 . U O i l  
QY -. 001 . 0 CI 4 .a02 -.i1(14 - .023 - . i113 a i t  [I [I .0[10 , 0 0 0  
LONGSHOKE STAT1 ON 28 
'Y -1.095 26.643 51. 803 138.627 238.260 526.237 795.1I1I41051.62:31656 .582 
Q::< . CI 0 [I . 003 ,013 . A=-cL r )  9 7 .234 1 .027 - 2 2 5  0614 , [I [I i t  

G!Y - . [I CI 1 . 11 it4 . O i l 1  -, i1[17 .014 -.i169 .c700 , 0 61 [I ,000 
LONGSHOKE STATI UN 23 
.. .. .267 30.422 69,7&5 151.350 219. [I91 51 7.534 793.5:391051.6:::51655.502 
UX . it01 . 111 4 3 . La <- .-. .518 . O  92 .00i1 . 1:1 61 1:1 .00i1 .=, -, .=. 

Q '{ -. 002 .<lo2 - .no3 -.012 .[1i12 - . O i l 1  . UOCI 0 [I 111 .00i l  
LONGSHURE STAT1 BN 30 
Y 2.542 38 747 i34.591 170 321 223,152 506.5:32 785.38511"~51 ,4231 65&. 562 
GtX .ni l3 . [I 30 . 0  8i1 - 3 1 1  1, [188 . I 3 6  . CI [I [I .01:10 a [I [I [I 

G!'< - .oi l2 -.Do4 - .0 i t9 -.[11is . i t  [I 3 - . il [I 1 . [I <I 0 . 111 0 I:! . [I [I [I 
LUNGSHORE STAT1 ON 31 
"f 5.269 48.821 101.128 189.398 234.207 497.825 778.2011Q51.156165G.502 
Q X  .003 . .0 61 ,206 .698 - 1 2 1  .00i l  . 111 11 . 0 0 0  
QY - .  003 - .  012 - .  11116 - .  1:118 . !:I 0 3 - . 61 0 1 . i~ [I . Oil0 . 111 0 111 
LONGSHORE STATI ON 32 
'i 7. :T;ifg 58.975 11:s. 130 209,313 24:::. 452 4 3  . ::57 772.3921 05iI .5191G56.5:12 
CI>< . [I [I 3 0 27 . [ t  56 ,145 , / 9 1:: 1 0 7  , O O O  . . ~ O [ I  - -  - 
o'{ - . [I [I 3 -.1:119 - . - .- a 0 111 3 : ::'OO , CI fi !:I .01:10 . C[IQ [I :; - 2 1 
LOk..jGSHIJF,E !STAT I I1II.I 33 
".< 9.423 i$6. 781 131 - 8 1  5 125 ,  751 256, 320 4 @ i ,  331 7~53:. 0531 11150 . '.311IiiT5i3. 5[12 
ci;x: , [I [I 3 . I> :3 0 , [I :3 4 . .=, .-' %A .=G 7 i ,574 , 111 9 6 . Oil0 . 111 0 111 . C! I:! I:! 

QY - .o i l3 - .02is - . 0 ,.-, :'G -.1:124 . 111 [I :2 . 0 [I 111 . O i11 111 , :I !I: 111 . 0 [I [I 
L I:II...I G SH Up? E E;TC;T I l:lI...I 34 
Y .Ti ' -,-,,is 155 -23,559 -'27.740 -25.209 234.217 477.79':: 765. [151135[1 . 5 ~ i ~ 1 i ~ 5 i ~ .  502 

,\ 0? , 1:1 il 0 . I:! 0 $:I . [I 0 111 .1:100 2.109 . 111 9 6: . 1-1 .- EI i l  . I:! 0 [I . I:I 0 0 
a'i . I:! 1 7 C !  64 . i174 0 - .> 3 -. - . [I ,z , 0 111 I:I . I:I i t  I:I , 12 111 0 . 111 I:! o 
LIIINGSHI:tRE !~TATII:IT..I 35 

- -  - - -  
'.< -23 r;.:~.:: -25 -23.252 -2c1 . 71E: 1 G Y .  $111 7 4g9. 739 76 1:. 1 1:15[1, 51 2165i3.5132 
- .  . 
I&!.;:. . [I [I 1 . 0  25 ,114 .119 ~ [ I I  9 <I t:: 0 [ 1 0  , 111 I:I 0 . 0 111 0 
I:I'.~ . [I 1 . D  51 . <I 62 , 0 2 - . 1-1 LI C: - . 11; 111 I . -I ,-) C. ,-; - J 1-1 1-1 . OIIC! 

- - -  - - -  

LOt..II:SHiiR E STAT I Oi..i 36 
"i -22 896 - 1 9 , i $ 1  -17 ;352 -12 1E:2 144 147 464.135 761. 9~:31l1l5111. 46::1G56.5122 
GI;;<: . 0 i l  i t  i l l 1  . 111 7 2 . : 1 2 . [I 0 5 . ,-, I., = -1 <a C. . [! 111 111 , [I I:I I:! a 111 CI g 
Q './ 1:) 1 7 . 111 4 1 . 0  51:l [:I 6 3 - . I c [I 2 - . !> C 1 . <I [I 111 . 111 !:I !:I . I> 111 111 
LONGSHOKE STAT' L .  !-I,. 37 

-17 -1z;s391 [17.7 'Y . . L.. -. ( L  , ,343 154,  32:s 461. 5474 Zi51 . 2,28iC!":1. 4::71.356. 50;' 
I;IX . i 1  i t 1  111 1 E: ,104 . 366 . t; 1-1 b .O 55 . [I 111 11 . 12 [I [I [I [I 111 - -  - 

1;i.i . 111 1 6 r i c 3 t  $-I 5 7 .u45 .it56 -.0iJ2 -.I:I[I~ . 0 I:I 0 . i J O O  .00[1 
LONGSHijRE !;;TAT 1Op.j 38 
'%f -13,146 -7 a 977 -6 a 364 I:? - a - e  997 162,035 451.522 7630 a 9981050.4241g56. 5[12 

[I 2 ::: ,121 ,486 .875 Q:Y; . [I I:! 1 . [I 74 111 111 111 . 0 0 I:I , 0 0 111 
c!'< . fi12 - 0 26 .0  35 0 4 9  -.0[11 -.1:101 . I:I 0 fi 111 [I 111 . OO[I 
LONGSH~IRE STAT I itF,.I 39 



Yi  -10 ,.-,?4 -2 .363  1 .900  27 ,924  1 7 1  , 244  462 11152 760.84i11050.~$1%1656.51:12 
0 L., .- b. 

G! X . i f 0 1  . i! 26 . I 1 9  .55:3 ,859  . [I 86  . I:I 0 0 [I CI 51 . 0 [I (:I 

P 'r' . Oil9 - 0  24 0 . 3 2  . 1 j 44  -.i1i11 - .001  .000 <I [I [I . 01 jO  
LOI.IGSHI:IP,E STAT I ur%i 40 
'7" -8.1EL5 2.7635 10 .1:35 41  . .> 904 1s- L ~ - ~  ,374  462.858 7Gi1.771:11050.4161E56.502 
I:IX . Ui12 . 0  28  ,123 . 628  .890 .089  . Oc ia  . 111 0 [I . [I 0 [I 
G!Y . il i 1  7 . i120 ,0 29  - . a01  -.01:11 .0UO . UCII:I . i t  [I [I 

LOPIGSHORE STATI Obi 4 1  
'Y -6 .549  7 .345 18.i154 53 .569 189 .244  463.505 76i1.741105U. 4151656.502 
Qx .002  .0 29 . I 2 6  E4q" I -  .a . -. 41 2 . 0  9 1  . 0 i t  [I . 0 0 0  , O [ I ~  
0'7' . i t06 ,017  - 0 2 6  ,034  -.[101 -.001 . 0 0 0  . 0 [I 111 . ni l0 
LOPIGSHOP,E STATI ON 42 
Y -5 .231  11 .400 25.430 65.555 197 .752  464.183 76Cl.731105il. 4 1  5 1  656.5C12: 
G!X . [102 , [I 3[1 . 1 .> .%Y - m i  7 c -, .934  .091  .00i l  . i100 . i t  [I 0 
QY , [I i l  5 .015  ~ 1 2 2  - . i 101  -.001 . 0 0 il . O i r U  , 0 [I 111 
LONITaSHORE STAT I Or:! 43 
Y - 4 .145  14 .363  32 .205  76.38:3 20 5 . 9 1  6 464.575 760 ,7271 050 - 4 1  4 1  55G .502 
px . i~ [I 2 . .So 5 2 5 9  . a  9 1  . 0 0 0  . 0 0 0  , I:! 0 0 
GI Y . Oil4 ,012  .019  ,025  -.I:I[I~ - .001  .0061 OCII:! . 13 12 111 
LONGSHORE STATI ON 44 
"r' -3 .249  1 8  a i l 88  38.384 86 .432 223,676 454,815 76U. 728105111. d141656.502 
ox . a02  . O  30 s 1 1 .. 7 . o ,-I L - 9 8 4  . i t  9 1  . 0 0 0  . O f l O  . 111 [I 111 ,-. e .-, 

Q'U . Oil3 . .016 . - .-, Li 3 , [I 111 0 - . 0 [I 1 . 0 8 0  e 111 . 0 0 111 
LUNGSHORE STAT I ON 45 
'f -2 ,505  2 i1 .836  44.  it11 95.7713 2213.947 454.944 760.7261050.41416563.502 
IJX . [102 . 031  .14i l  , 1 . 111 i f  4  . i191 . [I00 .001:1 . [I [I [I - - .- 
O'r' . 0 111 :I; , [I [I ::: , I: 1 :3 . ,-, mL5 1 g . i l  [I i l . 0 [I [I . 610 [I . [I <I [I . 0 111 I; 
LONGSHORE STAT I Op>l 46 
'r; -1 a 88[1 2:::. 272 49 ,  15::; lo;.), 5c9 227 767 4 g 5  ,31114 ?&[I a 7261[151:le 414165i:. 51112 

Oil2 . 111 3 1 ,143 - 9 2 7  1 Jl21 ::I $j 1 . CI CI [I , I:I I:! 0 . 111 [I C! 
I:!' ( . a CI [I 6 , [I 1 I:! nC14 . 1:1 0 , ::I 111 (I , 111 D I:! . G 111 [I , ;:I !:I 111 
LI:II..~GSHIIIFIE ':,TAT I !:!PI 47 
".( - 1 'Zh 4 :3 . .-+ 25,476; 53 ,891  1 1 2 . 7 5 1  234 ,257  465.  11146 76[1. 72g11 :1~1 :1 .4141 i~5~  5132 
I:!;< , <I [I 2 , 031  , 145  .955  1 .i12G . O  3i1 . I:I 0 1-7 .00[1 . CI 111 CI 
[;I Y " - -  

IJ 1-1 2 .1:105 , I:I 0 8 .011  , ~ o i l  , [I il u , O O O  . 111 CI [I a [I ::I I:! 
LI:INGSHI:IF,E STAT I O N  48 
'.r' - $63 27,562 58  374 120.624 240.465 4655, i140  760.72651i150.41416563 51112 
OX . 111 0 2 0 3 1  .147  . 5'75 1 $ 4 9  . o  90  111 [I 111 . O U O  . I:I 3 0 
O'f .1:101 . Oil3 . El [I 6 0 0 7  , 1-1 1.1 U , 111 15 111 , !I; Cl 111 . [I 111 111 . 111 [I [I 

- - - 

LI:I~.~GSHOPE STAT!I:I~.! 49 
>Y - , 4 1  ??is 6 0 3  62,995 128 .  749 246.  597 4654. 5i22 7~Tl:l . 716111!51:1. 4:4162455. 502 
- .  
LI :< - - - 

, UIJL * 111 .3 1 . I 4 3  - i -. , . 1 * 111 4 6 0 :I :3 7 . 0 <I 1:1 , 11, )I, 111 
I:! ".( . 0 I:I 1 , 111 [i 2 . 111 0 :3 111 !:I d . 1:1 0 [I . [I fl 111 . <I Ci 111 0 0 1 2  , 111 411 I: 
l_Of.j1;SHORE E;TcjT I l:lI..I 50 
''.( 

. 0 0 0  3 1 , d 2 3  6::;,::141 1.37,'126 252.982 464a7cG' , -q,-, "- ,.,5:,~1 . 72Ell:l50 . 4 1 4 1  . 5 0 2  

0 >: , I:I 0 2 , [I :: g .153  1 . 0 2 4  1.1:16iZ . 12 E: 7 . i t  [I . 0 0 I:) , <I 111 12 
111 '..f' . i t  111 ::I . 0 l:t 0 . I:I I:I I:I LI i t  111 0 I:I !:I . 111 CI I:! , 111 [I [I 111 I:I [I . p <I 1: 



I I I i l  . + # 
2 I I 0  + # 
3 1 I O + # 
4 1 I il + # 
5 1 I 0 + # 
6 I I it + # 
7 1 I i l  + # 
8 I I O + # 
9 1 I 0 -4- # 
1 i~ I I o + # 
I11 I 0 + # 
121 I 0 + # 
1 3 1. 1 -k 0 + # 
141 I 9: it t # 
151 I :rr it + # 
161 I -k !:I t # 
171 1 :k 0 + # 
18 I I k U + H # 
1 9  I I :A: !:I + H # 
20 I I-k 0 + H # 
21 I I it + H # 
22 I I 0 + H 
231 1 1Ct . + # 
24 I 1 0 .  + # H 
25 I I it + # H 
26 I I it + #H 
.>-7 1 L I I O .  + # H 
23 1 I 0 . f # H 
-.7 '3 1 L -. 1 0 .  + # 
3 0  I I if + # 
31 I I O + # 
.:; 2 1 1 :A: 0 + # 
33 I I H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H *  
341 .+ I # 
351 *+ I: # 
361 [I+ I # 
371 . I  # 
381 *.I+ # 
3 9 I k 1 4- # 
40 1 :A: 1 . + # 
41 1 k I I:I . + # 
42 I k I !:I . + # 
43: -A: 1 0 . f # 

44 I .k I 13 , + 
45 I .k I 11 . f .# 
461 1 0 .  + # 
471 I il . + # 
481 I 0 . + # 
451 I 111 f # 
50 I I i~ . + # 
31 99.i1 99 .0  99.1:t ?I 



APPENDIX B: PROGRAM LISTING 



L I  ST 
O0 i lO l  PROGRAM SEDTKAN( INPUT.  OUTPUT ,TAPE1 , TAPE2Cl ,TAPE2=OblTPbiT) 
0 0 0 0 2 PARAMETER ( N I  =53,1.IJ=113 
8 0 0 0 3  C k T H I S  PROGRAM I S  SET-UP T 0  HANDLE M U L T I P L E  G R U I N S ( M ) = l i l j .  
0 0 0 0 4  COMMON/A/ C ( N I  , N J j  ,Kl ( (NI  , N J j  , " f ( N I  , N J j  ,I:)EEPiNI ,NL~;) %ALPHAS(bJI .NJ )  
[I 0 il 0 5 C: OMM ON/AA.,,'YZ E R O ( N I 1 ,146, E PT H 
0 0 0 0 6 COMMON/BB/WEQ(NI , N J  j 
0 0 0 0 7  COMMCIN/B/ T H E T A ( N I , N J ) , Q X T O T i N I j 9  ULDANGIPI I ,NJ) ,  D Y ( N I , N J j  
0 0 0 0 8  COMMON/C/ H ( N I  ,NJ )  ,CG(NI  ,NJ) 'IHCILC)(NI ,P~cT) ,HB(b4I ?P4iI) , Y B ( N I  1 
Sl 0 0 0 9 COMMON/N USED/JU.SE,T,CO,CGEN,CGGEF.I,ANGGEN,C)X,BERM,THETAO(lO),MMAX 
~~~~~1 COMMON/D/SI GMA, G, ELCI cTMA>< I IPIAX , P I  lTbJCIPf , P I  0 2  5 HGEN. I J E T (  1 0  j 
0 0 0 1 1  1 , S J E T T Y ( 1 0 )  
0 0 0 1 2  COMMilN,/F,''ADEAN, KEPUSE E) I AM 
0 0 0 1 3  C BMMON/AAA/ DE L T  , NT  I MES 
0 0 0 1 4  COMMilN/'COUNT/NUN I V , 14b1PP I T E  
0 0 0 1 5  COMMClN,'E><PL/'QYE>:P(NI ,NJ j , r ' I M P < N I  ,P4J) 
0 0 0 1 6  CCIMM%IN/NWS/ILFT!~~, I P , T ( ~ ~  , ' Y Y L F T i 5 j  ,YRT(E l j  9 ~ ~ l ~ ~ . ~  

0 0 0 1 7  1 ,DEEPR(5)  ,DEEPL(5)  , H R T ( 5 j  ,HLFT i5 )  
0 0 0 1 8  DIMENSIOPI CHANGE(20 j , H C ( l i l !  , T C i l O j  
0 0 0 1 9  DIMENSION YORIG(N1 ,NJ) ,YZER06(b I I  ?SANGLE( tdJ j  
0 0 ~ 2 ~ 1  READ(1,GUI  IMAX,JMAX 
0 0 0 2 1  6 0  FORMAT( 2 1  1 0 )  
0 0 0 2 2  JUSE=JMAXCZ 
0 0 0 2 3  P I  ==3.141592654 
00024  TWilPI  = P I - k 2 .  
0 0 0 2 5  P102=PI . / 2 .0  
0 [I 0 2 6 REPOSE=3Z.*TWOP1/36U. 
i 1  O 0 2 7 NUNIkJ=il 
0 0 0 2 8 W K I T E ( 2 ,  7 3 2 )  
I"J 0 0 29 7 3 2  FORMAT " *kkkkk+kkk+-k-kkirrkk-k-kk~kk~k-k-k-kkk~:C:A:-A--k-kk-k%k-kkk-kkkk-kkkk-kkk-kkk " ) 

0 0 0 3 0  C:kblC!EPTH MCIST BE A DEPTH BE"ICIN THE END O F  TbE C;TRblCT, PKEFERARL'i AT 
0 0 0 3 1  Ck;lce)EEP(cTMA:i')lA>j OR GREATEK(UR ELSE SNELL'"\,S LAN 111~ C;HCIAL C:OULD BLOWClP I N  
0 0 0 3 %  C:*-k*DEEPER WATER. IT'\. ..S I N  METERS HERE'? 
0 0 0 3 3  HEAD1 1 , 7 7 0  j WDEPTH 
0 0 0 3 4  7 7 0  FORMAT(10X,F10 . 3 j  
0 0 0 3 5  L4DEPTH=WDEPTH-k3.28084 
0 0 0 3 6  W R I T E ( 2 , 7 6 2 )  WDEPTH 
0 0 0 3 7  7 6 2  FOP,MAP(Z><, "THE DEPTH i' I N  FT)  l4AVES TKANSFORPlED 10, L.IDEPTH= " , 
00C138 * ~ 1 0 . 3 1  
0 0 0 3 9  C:k-kk-kkkREAC, I N  THE DESIRED C:OI\ITOUF: &)EPTHS-k* 
0 0 i14 0 READ( l , 6 1  i (C:HANGECN'! ,P.J=1 , 2 U  1 
0 0 10 4 1 6 1  FORFIATi l i t F 8 . 3 3  
00i142 Ck-kkkk*READ I N  THE UESI  RED OUTPI-IT INTERVAL 
0 0 i l 4 3   READ(^ ,-,, j;.~') NWF:ITE 
0 0 0 4 4  6 2  F O K M A T ( I 1 0 )  
0 0 0 4 5  W R I T E ( 2 . 7 3 2 )  
0 0 0 4 6  C: W R I T E ( 2 , ? 7 7 1  
0 0 0 4 7  2 7 3  FORMAT( 2X, " I T S  T I M E  FOR BEF,M, !:,FAC:E, APJD DIAM" ,...*':I 
0 0 0 4 8  CkSJETT',' MblST BE MUCH LESS THAN Y (  I ,JMAX' l .  
0 0 0 4 9  R E A D ( 1 , 7 7 6 )  BEKM,SFAC:E,DIAM 
0 0 0 5 0  7 7 6  FORMATi10X,F10 .3 ,F1 i I14 ,F1 i I .3 j  
0 0 0 5 1  7 6 1  FORMAT( 2X ,  "THE LENGTH OF THE STKUC:TClRE, S.JETTY= " , F lC l .  3 j  
0 0 0 5 2  b4RITE(2 ,740 )  BERM 
0 0 0 5 3  7 4 0  F i lRMAT(2X, "THE HEIGHT OF THE BERM, E3ER,.1= " , F 1 0 . 3 )  
0 0 0 5 4  $JRITEC2,739)SFACE 
0 0 0 5 5  739 FOUMAT(ZX,"THE SLOPE OF THE BEACH FACE, SFACE= " , F 1 0 . 4 )  



0 0  CI 5 6  b lR ITE i :2 ,738 )  OIAM 
0 0 0 5 7  7 3 8  FORMAT(2X,"THE SEDIMENT DIAMETER, DIAM= " , F 1 0 . 3 )  
0 0 0 5 8  WRITE(2 ,732 )  
0 0 0 5 9  7 5 0  FORMATI 2X ,  "SUPPLY MMAXI THE NO. OF GROINS) AND THE1 R I -LOC" ,/) 
ij1.j06;1j UCRI T=16 .  3-kSQRT( D I  AM*CI. CI0328) 
0 0 0 6 1  C-kTHE NO. OF MULTIPLE GROINS,MMAX MUST BE GIVEN THEIR  X LOCATIONS. 
0 0 0 6 2  READ(1 ,779 )  MM AX 
0 0 0 6 3  7 7 9  FORMAT( I3)  
0 0 0 6 4  DO 7 6 0  M=1 ,MMAX 
0 0 0 6 5  C* I JET  REPS LESSER I -VALUE ADJACENT TO STRUCTURE. 
0 0 0 6 6  REAB(1 ,778 )  I JET(M) ,SJETTY(M)  
0 0 0 6 7  7 6 0  W R I T E ( 2 , 7 6 1 )  SJETTY(M) 
0 0 0 6 8  7 7 8  FORMAT( 13 ,F10  - 3 )  
0 0 0 6 9  W R I T E ( 2 , 7 5 9 )  (M, IJET(M) ,M=l ,MMAX)  
0 0 0 7 0  7 5 9  FORMATi2X9"THEI..IUMBER",15," GRCtIN I S  LOCATEDAT G R I D " , I 5 )  
0  0  0  7 1  WRITE( 2 , 7 3 2 )  
0 0 0 7 2  C*CONVEKT TO RADIANS. 
0 0 0 7 3  C*FIKST MUST G I V E  Y COOKS POSITIONS AND DEPTHS. 
0 0 0 7 4  C-kFIRST, MUST SET UP A L L  OF THE DEEP-VALUES. 
0 0 0 7 5  C+k**READ THE 'v1ALUE OF AOEAN 
i t  0  U 7  6  KEAD(1,774)ADEAN 
0 0 0 7 7  7 7 4  FORMAT(F10.4)  
0  0  0  7 8  WRITE12 ,749 )  ADEAN 
0 0 0 7 9  7 4 9  FORM&T(ZX, "THE LtALl-IE OF ADEAN= " , F 1 0 . 4 ,  " I N  THE € 0 .  U=AY*-k2/3" 1) 
0 0 0 3 0  WRITE( 2 , 7 3 2  ) 
0 0 0 8 1  READ1 1 . 7 7 5  j DS , DELT 
0 0 0 8 2  7 7 5  FORMAT(2t F 1 0  . 3 )  :> 
0 0 0 8 3  WRITE( 2 , 7 3 7 )  DX 
cl(jil54 7 3 7  FCtRM&T{ 2X,  "THE !IALIJE !:IF THE LONGSHORE ':;PACE-E;TEP. E N =  " , F l i t  . 3 i  
[I CI 0 5  5  CJRITEi 2 , 7 3 6 )  DELT 
1:100:3+5 7 3 6  F i lR .p IAT i :2 :~~ . , "T~E  TIME-STEP 1r.j SECilp.i[:lS, C-ELT= " , F 1 0 . 3 : 1  
0 0 0 8 7  [)O 2 2 0  J=1, JM&X+B 
0 0 i l 8 8  [ ) i t  2 2 i 1  I =1, I M A X + l  
~ICICI~Y 220  DEEP< l , J) =C:HANGE( 5:) 
0 [I il 9 0  D A T A ( H C : ( I j , I = 1 , 8 )  ...' 1 , 87 ,C1~5 , i 1 , 35 , . 25~~21 , . 2C1 . . 15~ , , 15 . .~~  
001391 DATA(TC i  I ) , I = 1 , 8 ) / 2 .  , 3 -  , 4 .  ,12. 314s.,3 
00 [I 9 2  ***:k.k:k*-k-k-k:k*-kC?EF I r%]E I I\i I T I  A L  C:ilASTL I NE**-k+kkk-k 

il 9  3  READ(1 ,63':t ( Y ( I  ,I) , I = I  , IMAX)  
(I 0  0 9 4  63 FORMAT i l O F 8 . 2  ) 
0 0 0 9 5  *-k***-k**:k:k*~k-k:~k~k****-k~k*k:k-k-k-k*-k**"k***-kk-k*-k-k-k:k** 
i t0  0 9 6  [)a 2Uit J=1 ,JMAX+2 
CI [I 0 9 7 ZOil I = 1 ,  IMA:.: 
0 0 i 1 9 8  2 0 0  '~'~~,.J+~':I=(~I.~*(K~EEP(I,J+~)+DEEP<I,J)).,"ADEAP~I'>~~-~~.~+'~'~I,~! 
0 0 0 9 9  W R I T E i 2 , 7 3 2 )  
0  i l  1 il 0 W R I T E i Z ,  772 '1  
O i 1 l i i l  7 7 %  FlIlRMATi 3 X ,  35HTHE I N I T I A L  SHORELINE CCICIRDINATES : 1 
0 0 1 0 %  L - J R I T E ~ Z , ~ ~ : ~ ~ )  (\((I,~),I=~,I~IA:;<) 
i 1 i 1 1 0 3  9 9 9 3  F i l R P l A T i l i l F 8 . 2 )  
6  0  1 0 4 l . d R I T E i 2 , 7 3 2 )  

1 0  5  C*:k*k**k-kk&-k&-kkk-k:k:k:k%::k:k4k&kk 

i 1 i t l i 1 6  CkWE l.11 L L  ~L15lU'fS F?EOCII RE ' I (  I , JM)  TO ~~~~1PUTE D'< AND YEAR. 
001i17 C:*ldE l.11 b L  AL1.IAYS KEQUI RE DEEP( I , JM) T i t  C:OMP SEDIMENT TF.ANSPOF?T. 

[I 10 8 c***-kkk-k:A::A:Jc-k-k*:k-k*:k:k&-k-kkk-kkk-k:k 
0 0 1 0 9  l 4 R I T E i 2 , 7 3 4 )  
0 0 1 1 0  7 3 4  F ~ ~ , ~ ~ & T ( Z X , ~ T H E  BI:IU~.JDA~Y \i-tJALUES, I=1 , IP lAX  ARE AS FOLLUL~JS",.,~~") 



0 0 1 1 1  WRITE(2 ,801 )  ( Y ( 1  ,J j  , J = 1 ,  JMAX+2) 
0 0 1 1 2  W R I T E ( 2 , S U l )  ( Y ( I M A X , J j ,  J= l , JMAX+2 i  
0 0 1 1 3  WRITE(2 ,732 )  
0 Ct 1 1 4 WRITE(2 ,735 )  
0 0 1 1 5  7 3 5  Fi lRMAT(2X,"THE DEPTHS BETWEEN CONTOURS ARE AS FOLLOWS", 1 
0 0 1 1 6  W K I T E ( 2 . 8 0 1 )  (DEEP(1 ,J )  ,J=l,JMp.X!.2) 
0 0 1 1 7  WRITE12 ,732 )  
C10118 8 0 1  FORMAT(1CtF8.2) 
0Cl119 DO 2 I = 1 ,  IMAX 
0 0 1 2 0  2 YZERO(Ij=Y(I,l)-(BERM/SFACE) 
i 1U121  W W I L L  COMPUTE THE E Q U I L  WIDTH BETWEEN CONTOURS, HERE. 
013122 DCt 1 I=1 , IMAX 
0 0 1 2 3  WEQ(I,1j=Y(I,1)-YZEKC~(I) 
0 0 1 2 4  DO 1 J=1 ,  JMAX 
0 0 1 2 5  I F ( J . N E . l )  GO TO 3 2  
0 0 1 2 6  YTEMP1=0.0 
0 0 1 2 7  GO T i t  3 3  
0 0 1 2 8  3 2  YTEMP1=( (Ct.?k( DEEP( I , J-1 j+[)EEP( I , J ~ I  :I j/'AC)EAi'4j*:kl . 5  
0 i t 1 2 9  3 3  '/TEMP2=( ( C t  .5*(DEEP( I ,J)+DEEPi I , J S 1 )  ) ) /ADEANj+k l  . S  
ii 0 1 3 0  WEQ(I ,J t1)=YTEMPZ-YTEMPl  
0 0 1 3 1  1 CONTINUE 
0 0 1 3 2  C*LET,,S STORE THE OR1 G (SALLIES TO COMPUTE VOL C:HANGES OL'ER CONTOLIRS, LATER 
0 0 1 3 3  DO 7 9 6  I =~,IMAx+I 
0 0 1 3 4  YZEROO( I j =YZEP.O ( I ) 
0 0 1 3 5  DO 7 9 6  J=1 ,  JMAS+Z 
0 0 1 3 6  7 9 6  YORIG( I , J ) = Y I  I ,J:l 
i t  0 1 3 7  C*k*~%**-k-k~**~***Jr~rkJc-k-kJc**-k-k-kk-k-k:kk-k-kk~-kk~:k-k-kk*kk.k-kkk-k~.k-k-k-k*k-k*-kkk-k*k-k 
0 0 1 3 8  C: READ I N  THE BREAKWATER INFORMATIDN 
i t  0 1 3 9  C:-kk*Jc-kk**-k*-kkk-k-k*%-k-k-k:k.k-k-kkk-k~-kk-kk%-k*-k-kk%*k*-k:~:k-kk-k*+kkk**kk-kk-k:k:kk-k:k-k-k.k-k 
013 1.10 READ( 1 , 8 0 i 1  j NOBKS 
0 0 1 4 1  8 0 0  FORMAT( I 5  j 
0 ~ 1 1  4 2  I F INOBKS. EQ. i t  ) GO TO 8 9 3  
Oi l143 DO 8 0 5  N = 1  ,NOBKS 
0 0 1 4 4  S i t5  P.EADI1 , 8 0 7 )  I L F T ( N !  , IRTI 'N)  ,YLFT(N)  ,.'T'RT~NS 
0 0 1 4 5  Sit? FORMATi 10X ,2110 ,2F10 .2 )  
0 0 1 4 6  W R I T E i 2 , ? 3 2 1  
0 0 1 4 7  W R I T E ( 2 , S l U j  
0 0 1 4 8  8 1 0  FORMAT( 1 X ,  45HBREAEWHTEK LEFT LOC R I  GHT LOC LEFT Y VALUE, 2X ,  
0 CI 1 4 9 11 3HR I GHT Y VALUE) 
0 i t  1 5 0  DO 8 2 0  N = 1  ,NOBKS 
o i l 1 5 1  b J K I f E ( 2 , 8 3 0  j N, ILFTCN)  , I R T < N )  ,I'LFT(N) ,'YF:T(P'I) 
i t i t 1 5 2  :3:3i1 FORMAT(4X, 13,8,>(;, 1:3,7X, 13,?:Y,F3.2,5><:,F?.;', 
CI 0 1 5 3  L 4 R I T E ( 2 , 7 3 2 j  
0 i t  1 5 4  899 CObIT I P4UE 
[I 0 1 5 5 C**k~*:kk-k**-kkkk-k-k-k-Ick-k-kk-k:k:k-kk-k:k~k~-k~-k%.-k-kkk-k-k-k:4:k:A::i::k:k-kd-k:kr?-k:A:-k-Ic:k%:A~~A::A::A::k~k:k-k:k-k:A::A~ 

0 0 1 5 6  C:kREAD THE [)I SK F I  L E  AND TRAP~JSFORM PARAMETERS It4Tit MY I INI  TS . 
0 0 1 5 7  C:-k-k**~**~*~:k-k-k-k-k:A:-~A;:A:?'?'7.?.~????'????~?~~~7'7'7~'~~7~?'77'~'~'~'7'7'~s7~'?-. . . A,+ :k:A:-kd:.h:.k-k*k-k:h~A:k-k-k:k:k-k-k 

0 0 1 5 8  C:kALL ALSJUSTMEI.ITS TO WAVE ANGLE, HE1 GHT , CELEKI  T' f  , GROUP 'SEL, l.11 LL RE MADE 
tic1159 C+kHERE, AP,JD THRUOLIT THE REST OF THE PRCIG, THEY C..IIiL E:E A S  I F C!CCURRE[! 
0 0 1 6 0  C*k*AT WDEPTH? 
i t i t 1 6 1  Ck-kk-kSELECT [)KEDGED D l  SPOSAL OPT1 ON 
0 0 1 6 2  7 9 8  READ( 1 , 7 9 9  j I JELMN, HS ,T  ,ALPG%JI S f  I CIDD 
[I [I 1 5 3  W R I T E ( 2 , ? 9 9 )  IJKLI-lN,HS,T.ALPL.IIS, IODC) 
~ 1 ~ 1 1 6 4  C: I F ( E i t F C 5 )  .EQ.  1) GO T i t  l i l i t c l  

0 0  1 6 5  I F ( H S . G T . 5 0 . !  GU TO 1 0 0 0  



0 [I 1 5 6  i.~kk-k-k~-k-k-kk*-k**+kk~-k-k-kk-kkkkkk-Ic~k:kkkkk 
OI:rl57 7 9 9  FClKI..lAT( I 5 , 5 X 3 3 F G . 1 ,  15)  
i 1 0 1 6 8  NTIMES=1 
[I [I 1 6 9 NCHECK=NUNIV+NTIMES 
O017i l  HGEN=il. 707107kHS 
0 0 1 7 1  5 1  GMA=TWCIPI/T 
Oi l172 G=32 3.7 
0 0 1 7 3  CO=G*T/TCIOPI 
0 0 1 7 4  ELI:I=C@~T 
0 0 1 7 5  I F ( T . L E . 2 . 0 )  GO TO 7 9 7  
0 0 1 7 6  HCC=U. 2 3  
0 CI 1 7 7 DO 444 I = 2 , 7  
0 0 1 7 8  T2=TC(  I ) 
0 0 1 7 9  I F ( T . G T . T 2 )  G O T i l  444  
i 10  18El T1=TC( 1 -11  
i l  0 1 8 1  DELTATzT2-T1 
0 i l l  8 2  DT=CT-T1 ).,,"[)ELTAT 
003.83 DTT= (T2 -T  j.,"DELT 
0 0 1 8 4  HCC=WC( I )kDT+HC( 1 - 1  jkC)TT 
OlJ185 GO TO 4 4 6  
0 0 1 8 6  4 4 4  4:ClNTIP~JUE 
0 0 1 8 7  4 4 6  CONTINUE 
i 1 0 1 8 8  I F HGEN . L T  . HCC) GO TD 7 9 7  
il [I 1 8 9  ANGGEN=ALPW I S:kTWClP I ,'36[1 , 
Q019Cl C*:kk-k-k-k-kk*-k-kk:kkk-k-kk~-k-k-k%:kk-k-kk+kkk-k-kffkk-kk-k:k-k-k-kkk-k*k-k-kkk*~-k-kk-k-k-k-k:k-k-k-k%:k:kkk:~: 
0 0 1 9 1  C:ALL L.IVI.IUM i GIDEPTH , T , C)CI~IICF, 11 
O i l192 C:;kAI.IGGEt.I, HGEr.1, C:GEN, C:l3GEN REPRESENT THE WAG,E cii'jGLE , HE1 GHT , C:ELERIT'i AND 
0019:3 C:**GF,I:IIJP (.!EL ( KESPEC:T . I OF THE SPEC1 F I ED L.IAVE I MPI-IT AT A DEPTH, 1;IDEPTH 
0 0 1 9 4  C:ALL L.IIJI.IUI.~ t 11 . [I , T , [~I-IPIK.~:.E ':I 
CICI 1 9 5  1::1 1 =TWI:IP I / i T*DiJI..lKF,K ) 
1:1 0 1 9 6 CGlj.=O. Z-kC:ll:k( 1 .+{ 2 .+[iIJI..tKC;Kkll. 0.z.'SIt.31HI' 2 .-kCrUI..lF;KKk11 . U  i ) ! 
[I [I 1 9 7 C:G E!\J=TL..I~IP I ./ Tk[!UI..lK,K ) 
i~ l:119~ C:GGEf..l=I:r . 5kC:GEt,I-k{ 1 .+{  2 .*DUMp;.Kkl.~IDEPTH..;SIrdH( 2 ;kDLillkK*G~IDEPTH] ! :I 

[I 0 1 9 9  IF ( I [ ) [ )D .E IJ .~ I )  G ~ I  TI:I 8 0 i l 2  
002Oi1 GJp,ITE( 2 , 5 7 )  NCHECK 
0 [I 2 111 1 6 7  FORMAT{ l X ,  31HDKEDGED MATERIAL ADDED k T  T I M E  , I 5 1  
Oi l202 W R i T E ( 2 , Z 9 4 )  NCHECK 
i t 0 2 0 3  2 9 4  F I : IF :M&T~~X,~~HC:~ I~ .~TCIUKS AFTER PlATEF,IAL A[ !b IT I l I l~ - l  AT T I M E , I ~ , ~ H A R E : ' : I  
I:I 0 2 0 4 ~ $ 5  REAC I L .- r111 , 6 5 1  I DREG , JDREG , DREDGE 
0 i 1 2 0 5  5 5  F C I E M A T < ~ I ~ , F ~ ~ I  . 2 !  
0 [I 20 6 I F (  1C)REG.EO. IMAX.AP~ICi.c1DRE~33E~~!.CTt-1A::<1 GO TO 7 9 5  
1:1O207 'Y I DKEG, JDREG) =Y ( I DPPEG rJC)R.E13j +C)KEC)GE 
[I 0 20 e GI:[ T i t  (5G 
1jS1209 7 9 5  C:I~I.ITII.JUE 

21i1 DO 31301 I = l  ,IplA.x; 
o i l 2 1 1  :3Oil l  W R I T E ( 2 !  8 i100 !  I , ( Y i ,  I ,JI . J=1 ,JMAX) 
0 0 2 1 2  ~ [ ~ C I C !  F I : I R M A T < I ~ . ~ F ~ . ' ~ : ~  
Oi l213 s n i t 2  C:Ui'.ITIP.IUE 
0 0 2 1 4  IF( :P~lUNIV.EO.U) CALL PLilTNS(IMA:I,,JMA>:,Y,'U'LFT,;,'RT,ILFT 
i 1 i 1 2 1  5 1, I KT ,SJETT'U', I J E T  ,NOBKS,MMA:X) 
i 1 0 2 1 6  K EL-I 1 1.1 ci 2 0 
UCf217 CALL TRANS 
0 0 2 1 8  7 9 7  IF~NC:HEIT:K.I.JE.~\I~J~\~I'J) I.IUNIi.,.!=NC.HEi.K 
0 0 2 1 s  7 0 9  GO Ti1 7 9 3  

C10220 1 0 0 0  CONTINUE 



0 0 2 2 1  E;TOP 
0 0 2 2 2  END 

0 ' '-7 " Lb3 SUBROUTINE TRANS 
0 0 2 2 4 PARAMETER ( N I  = 5 3  , N J = l 1  j 
i t  [I 2 2 5  ~k-k-k-k*-kkk%-kk-kk%-k*%%%-k-k-k-k%***-k*-k-k-k%-kkJr%*kk-k**%-k-k-k-k*~-kk-k%%*+k%%kk-k%%-kk-k~k-k-k 
0 0 2 2 6  C-kTWIS SUBROLITINE W I L L  COMPUTE SEDIMENT TRANSPl2RP 
0 8 2 2 7  COMMON/&/ C ( N 1  ,NJ) , R K ( N I  , N J j  , Y ( N I  , N J )  3KjEEP(I.JI * N J j  9ALF'HASiNl  , N J )  
610228 COMMON/AA/YZERO<NI i ,14DEPTH 
0 0 2 2 9  COMMON/BB/WEQI N I , N J  ) 
0 0 2 3 0  COMMON/B./ l "HETA(NI  , N J i  , P X T O T ( N I ) ,  OLDANG(NI , N J ) ,  DY(N% ,NJ) 
0 0 2 3 1  COMMON,/C' H ( N I  , N J )  ,CG(NI  ? N J )  ,WCILD~: I~ I  $t'JbT) , H B ( N I  +t 'd~Tl , Y B [ N I  1 
0 0 2 3 2  COMMON/F.J LlSED/JUSE ,T , C:O, CGEN, CGGEN ,ANGGEPJ, DS, BERM ,THETAOI 10 j ,MMA>< 
0 0 2 3 3  COMMON/'D/S%GMA,G,ELCfIbIMAAXiPPIA><,PX gTC~lC~PI , P I 0 2 , H E E N , I L ? E T ~ 1 C ~ j  
0 0 2 3 4  1 , S J E I T Y ( 1 0 )  
0 8 2 3 9  COMMUN/E./RHO, RHOS, PCIRCIS CCINST , T K 5 I  
910 2345 CUMM6N.i' F/AUEAN , P, EP CI S E . D I AM 
0 0 2 3 7  COMMON/G/'I BREAK(NI  ) , HNCCdBF,(t.JJ! 
i l 0 2 3 8  C:OMMON/'P"/HBQ(NI '1 , C!EEPBII.lI ) 
111 0 2 3 9 COMMON/"Z%Z/'NP I ME 
0 0 2 4 0  C ClMM ON/AAA/DE L T  , NT  1 ME S 
[I [I 2 4 1 C: 6MI"IlN/ C OUF%IT,,.'.I\J /IN I (S , N1.l R I I E 
0 i 1 2 4 2  COMMClM/NWS/'I L F T I  5 )  , I R T i  5) ,YLFT(  Sj , ' iRP( 5 )  ,NOBKS 
[ I0243 1 ,DEEPR(5) ,DEEPL(5 )  ,WPpT(:5j r H L F I ( 5 j  
0 6 2 4 4  DItlENSlbSN YOLD(MI ,I.JJ) ,R(f.1% , N J )  , S I N 1  ,FJJ) ,WC:(NI , N J i  ,L!'YiNI , N L ~ )  , Y K ) % s s i  
8 0 2 4 5  * 6 0  , 2 0 1  
0 0 2 4 6  DIP1EP.JSI CIN RHS1 ( N I  ,f.%1Jj , S 3 ( N I  ,NJ) ,THET&B(NI  ,NJ )  ,ANGLOC:iNI , N J j  
08247 DIMENSIIIIN D I  STR1:NI ,Nd) ,AWAF,ECNI ,NJ) , 
C10248 kBPlATR><( [ r . I J -3 )%iNI  - 5 )  i ,&BAbJO( (NJ-:3)k(t. .JI -5.1 ,2:k(:bJJ-:3)+1) ,0><(NI  ,I\JJ) , 
[I [I 2 4 9 1 X L (  i 'NJ -3 ' j - k iN I  -5)  ,I.lL'I-2:~ , IZO~'~.JST~(P.JI ,NJ;i 
i l  i 1  2 5 6  ~:-k~-k:k*rk-k~%-k:k-k-~~k:k:A::k-k-k-kkli-kk~-k-k-k-k-k-k-k-k-k~k-k-k~-b::k-k-k:k-*~~kk:k:kkk~~-Ic-k-kk~-kk-kk-k%-:kkkk~kkkk-k-k:kkk 
CI 0 2 5 1  ~*~.~k-k~:k~k%-k-k~kk~~h:-k~kk*~kk~k:k:k:k-k~~k~k~k~k:k:k:k~k-h::A:-kk~k:I:k:~~-~~-k:k:k-k:k-k:k~kkA:k~k~k:A:kk:k~k~k~k~k~k:k:k:k-k:A: 
0 [I 2 5 2  ~::J.-k*a*%:k*-kk-k-k:A:-k I.Il:iTE: O CI O 111 I~I S i Z E  OF ABAND I+;- iC:g X L  HAVE TO BE C:H&NGED 
i t  0 2 5 3  i.-k*k-k.k*-k%-k-kkkk*:k Ac:C:DRD I NG TO JMAX+1SSJM&i:;< 1446, JMA:;C+l ? P.ES'PEC:S. 

0 2 5 4  C-k-kkk*%*-kk**-k*:k CHANGE REI"&D AT 7 0 4 0  AND 1 3 5 5 0  
[1[1235 ~~k-k**k-kk~k-k-k-k*-kk%-kk-k-k-k-k-k-kk-kk*kk-k-k+-k-k-k-kkk-k:k:k-k*k-k-k-k-kkk-h::h::k-kk"k:k:k:kk:k:kk:k-k-k-kk-k*:k 
[I 8 2 3 5  COMMON,/MP./ RKB(t.11 i , H B I  (t.11 1 , DEEPBI i N I  ;i 
u CI 2 5 7  COMMON,/EXPL/'QYEXPiNI: 9FdCT) ,'iIi'IPi:I.,4I +P..lbl:~ 

2 5 8  DIMENC:I ON SANGLEINJ 
00259 DO 1 9 9  J=1,JMAX+B 
111 0 2 5 0 SANGLEI J)=O. 
<I 0 26.1 DO 1 9 9  I = I ,  IMAX+3 
0 0 2 6 2  .. .. - r U L D I  I , 5 3 = O .  
[I 0 2 6 3  kt: I , *r) = i ~  . 
i10264 cp(( 1 , ,J)=CI, 
0 [I 26.5 .U.D I '.-. %,a( I , ,J>=CI a 

[I 2 6 6  RHS1 I I , JI  = a .  
[ I0267 3 ( I , J ) = !:I 
[lijzgg I H E T U B I I  , J : ? = O .  
0 0 269 ANGLOCCI , J I = O .  
0 0 2713 D I S T R ~  I , J ) = O .  
0 0 2 7 1  AWARE( I, J ) = U .  
610272 QX( I , J) =U . 
0 0 2 7 3  CONSIS(  X , J )= i l .  
0 [I 2 7 4 I:~(EXP( I , J j =O . 
i 1 0 2 7 5  1 9 9  CBNTINUE 



0 0 2 7 6  DO ZOO I =1 , I MAX+3 
0 0 2 7 7  DEEPBi I ) = 0 .  
[ lo278 H&(P(I  ) = O n  
[I [I 2 7 9 D E E P B I ( I ) = O .  
0 0 2 8 0  2 0 0  H B I ( I j = O .  
0 0 2 8 2  RHU==2.99 
1:10 2 8 2  RHOS=5.14 
0 0 2 8 3  POROS=0 - 4 0  
0 0 2 8 4  CUNST=0.77 
0 0 2 8 5  CAPPA=0.78 
0 0 2 8 6  TAU=C1.25 
0 0 2 8 7  TKSI=(CCINST-kRHCI*SQRT( G j  ),'( ( P,HUE;-KHCl j - k i  1. 1. Ll-PC!RCt!5 j - k l 6 .  Cl*SClP,T[ CAPPA) ) 
i 102E8  C* QS( I , J j  I S  THE TRANSPORT BETWEEN THE ( I , J4-1) AND ( I , J:) COr\lTBURS. 
0 0 2 8 9  C*THE \DU 1 LOOP",. SIMULATES T IME---TIME=DELT:kNTIMES 
130290 COFF=O.OOUOl 
C10291. GAMMA = R H O* G 
130292 DO 1 NTIME-1,NTIMES 
n o 2 9 3  NUNIV=NUN%V+I 
0 0 2 9 4  C-kTHE MATRICES ABAND AND BMATR:X MUST BE ''\TIERBED OUT',, 
0 0 2 9 5  K-(S 
0 0 2 9 6  DU 26 I = 2 , I M A X - 1  
0 0 2 9 7  DO 2 6  J=1 ,JMAX 
0 0 2 9 8  K=K91 
0 0 2 9 9  BMATRX ( K I -0 . 0 
0O3CiB DO ZG L=I ,JMAXCl+JMAX 
UOJUl  2 6  ABANU(K,Lj=O.O 
O03Cl2 XNTIME-2 -0 -k (NT%MEj  
C10303 CALL P k E D l F  
CI 0 3 0  4 I F ( ~ ~ ~ O B ~ , S . E Q . ~ ' : I  GO 1 0  1 0  
CI [I 3 0 5  CALL BRlc,H2O( PMAX, JMAX,MHAX,"i,THETA,H,c., ! J E T , S L ~ E T T ' ~ , I , ~ J X  
o 0 3 0  & 1 ,DEEP,HB,CG) 
0 0 3[17 113 CObIT I NUE 
0 0 3 0 8  C-ArSMUUTHING OF THE L.IAL1E AP-IGLE ,THETA I I S RE'\.,KJ f 111 ACCT FOR DP FF EFFEC:TS. 
0 0 3 0 9  CALL SMOI~TH~THETA,  IMAX. JMAX, I JET, SJETTY.MMA;< ,''.<I 
0 0 3 1 0  CALL 8TP'AN 
0 0 3 1 1  IF(b4OBKS.EQ.O) GU 7-0 9 9 9 0  
o i l 3 1 2  9 9 9 9  N=I,NO&(KS 
6 0 3 1 3  XDD=ILFT(N) - IRT(N ' l  
0 0 3 1 4  DO 999:3 NN=% L F T ( N 1  , I RTTN)-a 
C1031.5 XLT=!:LFT(I..Jj-NP1+.5 
O031G DEEP[)M=DEEPL(:N j - (  DEEPL(F\I) -C)EEFR,iP4 j :t:k:XLT T~~TXL)L) 
C10317 I F (  DEEPB(NN+l j . GE. DEEPK)Iwl) GO TO '3'398 
111 [I 3 1 8 DEEP&( I.~lt\1+1) =DEEPDM 
0 [I 32  9 HRQI,I-.)N+~ ) =HLFT(N)  - ( H L & T r N j  -HkT(r\1) i*Y;bT.,..':::~:DL~ 
0 [I 3 2 0  9 9 9 8  CONTINUE 
[I 0 321 DEEFB( I LFT(t4)  ) = ,  W(DEEPR(  I LFT(P1) )+eiEEPE:i 1 LFTt. bI:t -1 ;I ! 

0 0 3 2 2  HBQ( ILFT (N) )= .5 * (HB6 ! I I LFT i t~J j  j-i-HBO( ILFT(I.>l!-1.:c 1 

0 0 3 2 3  DEEPB(fRT(pd)+J j=.5*(DEEPB( IRT(I.4) )+DEEPE3!. I k T ( I . l , + l ; ~ )  
0 0 3 2 4  HBQ( I K T ( N ) + 1 ) = .  5k(HBi2( IP.T(P<I) ]+HBQ( I R T ( b l ) + l  ;I 

0 0 3 2 5  9 9 9 9  CONTINUE 
021326 9 9 9 0  CONTIP~IUE 
0 0 3 2 9  C-kFIRST THE LONGSHOKE SEDIMENT TRANSPORT CI ILL BE DlSTRIBUTED 
0 0 3 2 8  C:-k-k*-kACROSS THE SLiKF ZONE.. . . 
(1 0 3 2 9  CC- - I .  2 5  
6033(3 C-k-k-kQX( 1 , J) M I  L b  BE DET ERMINED BY SUBTRACTIbIG FF,OM THE INTEGRAL 



0 0 3 3 1  C**OF IJX FROM D E E P i I  ,J-1) TO I N F I N I T Y ,  THE INTEGRAL OF O X  FROM DEEP(1 ,J:I 
150332 C:*+*TO I N F I N I T ' Y .  I N  T H I S  WAY THE SEDIMEP4T TRANS FROM JMAX UIJT GETS 
Eli1333 C+k*INCLUDED 1E.I PX! I , JMAXj . TO INCLUDE THE SbJASH TRANS, L~IHEE~J J = 1  
0 0 3 3 4  C*WE W I L L  SUBTRACT FROM 2 T 6  I N F I N I T Y  FROM 1 . 0  
i 1 0 3 3 5  C*LClOP FOR VALUES G4HICH ARE HELD C:ONST AND STORED. 
i t  [I 3 3 6  T H E T A B ( 1 , l  j = U . 5 k i T H E T A i 1 , 1 ) + c 1 . i 1  j 
i 1  [I 3 3 7 R i 1 , 1 ) = U . 5 i i D X * ( U E E P ~ 1 , 1 j t B E R F 1 / ' 2 .  j 1 
[I 0 3 3 8  DO 290 I =Z, IMAX 
[I [I 3 3 9 R ( I  , 1 ) = U . 5 / ( D X k ( D E E P i I  , 1 j t B E R M / 2 . > )  
0 0 3 4 0 C *  THETAB(I91)=0.25*iTHETA(I,1jtTHETA(I-1,1~~+0,+i~.j 
i 1 i 1  3 4 1 THETAB(I,1)=0.5*(THETAiI,1jtTHETA(I-1,1)j 
0 0 3 4 2  CkNO NEED TO COMPUTE PROP ANGLE AT STRUCTS BECAUSE QX =0 .0  AT I J E T I M ) + 1  
~ 1 0 3 4 3  ANGLOCI I ,I j =ATAN( i ' y ' i  I ,1 j - ~ i  I -1 1 ) :1,./~><j 
0 0 3 4 4  C*HBQ( I JET(M)+1:> I S  PROPERLY SET I N  THE SUBROUTINE UTRAN. 
0 0 3 4 5  AKGO=( (DEEP( I , 1 )A-k1.5+HBGii I ; I & A C ) E A N - ~ - ~ ~ . ~ ' I , / ~  C:C:kDEEPBi I j-k-kl - 5  
0 0 3 4 6  1 )  )**3 
0 0 3 4 7  I F[ARGD . GT .SO. j AKGO=SU. 
[I [I 3 4 8 D I S T R I I  , 1 ) = 1  .0-EXP(-ApP0il;t 
i t i t 3 4 9  [ ) ISTR( I ,1 j=DISTp,( I ,1 j*TF:E:I:kHE:C!( I j.k-k2, 5 
I:! [I 3 5 0 1313 290  J=Z,JMAX 
[I [I 3 5 1 R i  I ,J)=Cl .5 / iDX*(DEEP(  I ,J~-C:IEEP[ I ,,J-1:1 ) :I 
CI [I 3 5 2  THETAB( I ,J )= i1 .5kCTHETA i I  ,J j+THETA(  1 - 1  , c T j j  
[I 3 5 3 ANGLO[:( I ,J)=ATAN( I)'( I ,Jj-.'Y( 1 - 1  , C T )  :),,'D.kd;) 
C I ~ I  3 5 4  A,RG1=( i DEEP( 1 , J-1 )-k-k1 , ~+HE;I:I( I ;I+AC~EAI.J*-~~ 5 j . / <  CC-k[lEEPB( 1 .j-.:kl . 5  
0 0 3 5 5  1 'I ;I **3 
0 [I 3 5 6  ARG2=i ( UEEPi I , J)*-k1, 5+HBQi I j-kADEAr.I-kk1.5)./('C:C-k[)EEPB( I :j-k-k1. 5 
0 0 3 5 7  1) )**3 
0 0 3 5 8  I F(ARG1 . GT, 5 i 1 .  ) ARG1 =SO. 
il i 1  3 5 9 I F(ARG2. GT. 5 0 .  j ARG2=5[!. 
0 i t  3 6 0  [)I STR( I , J >  =EXp( -ARG1 ) -E:;<;Pi -Ap.132:1 
[I 0 3 6 1  [)I STRi  1 , J:)=[)I I , CTl:kTF,!51:ki+B~~( I i-k:A:2, 5 
111 0 3 6 2 2 9 CI C. I:II\]T I NU E 

i1:35:3 p i t  3 0 1  J=1 ,JMAX 
[I [I 3 6 4  DO 3 0 1  I = ~ , I M A X  
il [I 3 6 5 AWA R E ( 1 , J ) = D E LT-k R ! I , ,J j :k ( C1:X ( I , ;I - IzIX ( I + 1 , ,J 11 + Cl'y. ( 1 ) - lzl...f i I , ,J+ 1 :I ) +"i I! 1 , L1 
0 0 366 * j 

0 3 6 7  !51=2 .kSIN(THET&E; i  I ,J):).~C:CIS~,THETAB~ I , 1 1 1 ~  :I:~I:,-1 ~+2:k(lZl~lS( 
[I i t  :2 6 $3 - A~.IC~LUC:( I , J j ) )+.k2) 
i 1  i l  3 6  9 ,= ,r2-l-:i~s( .-, - - 2 .*THETAB( I , J) j:r:C:OS(ANGLilC:( I , J 5  ':I.,,'.< !:,I;!F,Ti C!X*-k2+ 
111 3 7 [I k ( " ( ( I  , J ) - Y ( 1 - 1  , J )  jkk2)i 

U i !371  ,= . , 5 i ' I  7 ,Jj=S2:kDISTR( I ,J) 
~1 [I 3 7 2 [ ) i t  3 2 5  M=1 ,MMA% 

12 7 '5 - -7 , .-* IF(!S,JETT'.y'[Mj ,EO.0 .0 )  Gil  TI11 z i t 2  
0 0 3 7 4  I F < I . N E . I J E T ( M j + l !  G O T O  3 2 5  
i r  0 3 7 5  IF (THETAO<M)  .GE.O . i l l  I S I D E = I J E T i M ' : t  
i10376 IF(THETHI:(M) . L T . i l  . i t )  I S I D E = I  JETiM'l-I-1 
il cl ':a 7 7 

C' ( ... (=E$+=0 , ,-. .5-k(Y( I S I [ ) E , J j f f { (  I S I ~ ~ E , , J + ~ ' : I  ) 
il 0 " -7.2 -7 C. ,?, I F i  J. EP. 1 ) DrJMY'Y='iZERO( I ' a1 DE) 
[I 0 379 I F ( J . G T . 1 )  D U M W = Y ( I S I D E , J - 1 1  
0 i t  3 8 [I ..,' ,-. zHC~F,E=i~. 5 k i x ( (  ( 5 1  IE,J)+bUM'l"f j  

0 0 3 8 1  I F(\{SEA. GT. SJETTYiM) .AND .YSHOKE. GT. SJETT"YiM'1 j lliO TCI 302 
[I [I 3 8 2 I F i Y S E A .  GT. SJETT'y.(M) .AI.ID.YSHORE. LE .  SJETT\f'(t-1) j GO TO 298 
i10383 C:*BECAUSE A 1.10 FLOW B .  C:. I S  USED ALONG THE STF,UCT , F~10 ATTI4 bJAS PA1 C j  
0 0 3 8 4  C:ksTCl GETTING PROPER VALUES OF ANGLOC, THETAE:, U I  STR, ETC. 
i 1 0  3 8 5  s 3 (  I , J ) = C l  . i t  



t:10 3 8 6  D I S T K ( 1  ,Jj=O.iI 
i t 0 3 8 7  Git TO 3 0 2  
0 0 3 8 8  3 2 5  CONTINUE 
0 0 3 8 9  GO TO Bi t2  
i t i139 i t  Ck-k-kABOVE, A L L  PARAMETERS( I . E . ,S1 ,  S 2  S 3  ,THETAB, [)I STR , AI~IGLi lCj  
0 0 3 9 1  C*-k-kARE COMPUTED AS I F  THE STRUCT I S  NOT THERE. THE B.C. AT THE 
0 0 3 9 2  C***STRUCT T I P  ASSUMES QX COMPUTED AS I F  NO STRUCT PRESENT AND THEN 
0 0  3 9 3  C-k-k*HYPASSES ACCORD1 NG TO .\RAT1 O\ . 
0 0 3 9 4  2 9 8  RAT1 O=(YSEA-SJETTY(M j j . ,~("ISEA-'AA~SHiIREj 
0 0 3 9 5  S 3 ( I  , J j = S 3 ( 1  , J j - k R A T I O  
0 0 3 9 6  D I S T R I  I ,J )=DISTR(  I ,LT:)-kRATI~Z~ 
0 0 3 9 7  3 0 2  R H S l ( 1 ,  J ) = D I S T R i  I , J j * S l - S 3 i I  , J : I * I Y ( I  ,J)-" I (1-1,&Jj)  
0 0 3 9 8  3 0 1  CONTINUE 
00 3 9 9  CALL BREAK( IMAX , JMAX j 
i t 0400  IF!N~IBKS.EP.CI~ GCI TO 9 9 9 1  
0 0 4 0 1  DO 9 9 9 6  N = 1  ,NOBKS 
0 0 4 0 2  X D D = I L F T ( N j - I R T ( N )  
0 0 4 0 3  DO 9 9 9 6  N N = I L F T i N j  , I R T ( N j  
i t  0 4 CI 4 XLT= I  LFT(t4)  -NN 
0 0 4 0 5  DEEPDM=DEEPL(Nj -(  D E E P L i N j  -C)EEPR(Nj j *XLT/XDD 
0 i t  4 i t  6 IF (DEEPBI (NN!  .GE.DEEPDM) Git TO 9 9 9 6  
0 0 4 0 7  DEEPBI ( N N j  =DEEPDM 
0 0 4 U 8  H B I  CNN)=HLFT(N!-(HLFTcNj-HRTiNj j kSLT /XDD 
i t 0 4 0 9  9 9 9 6  CONTINUE 
0 0 4 1 0  9 9 9 1  CONTINUE 
1:10411 C-kTO DETERMINE DECAY OF C:ONST6( I , J j ,NEED WAVE N i l .  AT BREAKING. 
0 0 4 1 2  DO 7 5 4  I =I, IMAX+1 
0 0 4 1 3  7 5 4  CALL WVNUMiC)EEPBI i l j ,T ,RYYB[ : I j )  
it13414 C-kUSING; SHI  E1C)i.S [)IAG ,'f AX1 S=O . 0 5  + ~ : T A U O = R . H C ~ ~ ~ C ~ C I * * ~ ~ I  , GET UCRITC FT/"SEC:'I 
CI CI 4 1 5 UCRIT=16.  3*SQRT([>IAP1-kk [ t i1328 j 
i t  CI 4 1 6 DO 7 4 8  J=1 ,JMAX+2 
0 0 4 1 7  7 4 8  H i  I M A S t 1  . J j = H (  IMAX,J3 
0 0 4 1 8 U O  7 5 0  I =1 ,  IMAX+1 
i l c l41  9 CCINST~( I ,1 j =CilFF-k[)X 
0 0 4 2 0  [)[I 75i t  J=2, JMAX+2 
[tct421 C*CCtNST6(I , J )  GOES L.J/ Q'(i I , J j  1.IHICH I S  ASSitC W/ DEEPCI .a2-1) 
0 0 4 2 2  I F( DEEP( I , J-1 j . LE.  DEEPBI ( I :) GO TO 7 5 1  
itCt423 CkHERE, MUST t;AUSE COFF TI:! DECAY ((l.IE'.,RE BEYOND SLIF:F ZONEj 
0 0 4 2 4  IIMAXB=HBl ( I j*G-kT-kRKB( I j / i  2 .-kTWitPI-kCCtSHi RKB i  I ).kDEEPBI ( I ':I ) 3 
CI 4 2 5 IJM&:Y=H( I , J- l ) -kG*TkRKI I , J-1 ;I,-''( 2 .*TI-ICtPI ~ C : t i I S H ~  R K (  I , J-1 ):A:C)EEPi I , J-1 ) ) :> 
CI i 1  4 2 g I F <  UCRIT. LT. CIMAX .AN[). UCRIT. LT. IJMAXB j GO TO 749 
i l  if 4 2 7 C C I N S T ~ ~ I  ,Jj=U.O 
0 0 4 2 8  TO 75 i1  
i f 0 4 2 9  7 4 9  T~~P=[I,~I~*H{I,J-~~*+:~:~:~IGMA-~~~/(SII.~JH(P,E(I,~~-~):~:~EEP(I,,~-~}:!:~-~~~~) 
i t  0 4 3 CI BCIT=[)EEP( 1 , -2-1 j-kc 11 . 625-kT(l~iC1PI%:G-k*1 , 55kI:~, 78:k:k2:kfiClEANk-kl . 54- 
0 0 4 3 1  +([I . o l k H B I  ( 1  j*-k3:kSIi j iMA-k:k3/(DEEPBI ( I  : ) -k<SII .JHiRKB( I )+DEEPBI (I ) i j:k-k3) '1)  

i t 0 4 3 2  CitNSTEC I , J) = ~ X ~ C ~ I F F - ~ T C I P , ~ ~ ~ ' B C I T  
0 0 4 3 3  GO T i t  7 5 0  
0 0 4 3 4  7 5 1  CONST6( I , J) =[:OFF-kUX 
0 0 4 3 5  7 5 0  CONTINUE 
i t  i t  4 3 6  K=O 
0 0 4 3 7  C**PUT INTO BANDED FORM I-IS1 P.1G THE ALGORITHM ACM ,N j  - ; B(M .NN j  L4HERE 
itC1438 C***t.IN=KB+1-M+N( KB I S THE NUMBER OF LO1.IER CClC!IAGitI.~IALS( =JMAX, HERE) ) . 
0 0 4 3 9  D ~ I  3 0 4  I = Z ,  IMAX-1 
Oi l440 DO 3 0 4  J=1,JMAX 



CI 4 4 1 K=K+1 
0 ,-J 4 4 ' &. AWAKE( I , J j  =AWARE( I ,LI)+C)ELT-kRHS1 i I CT)-kPP( I ,v-l') -l3ELT-kR{ 1 ,J: ikRHS1 ( 1+1 ,\? 
0 0 4 4 3  -k )+[)ELT+R(I,Jj-kCC~NST6(I,Jj*WEQ<:I,Jj-DELT-kF:iI,J:I~CONST6(I,J+1)-k 
0 0 4 4 4  * LJEQ( I , Jf1) 
0 8 4 4 5  YDUM=YZEROi I j 
0 0 4 4 6  IF(J .NE. I~  YDUM=Y(I ,J-I) 
0 0 4 4 7  AWAKE( I , J )=AWAKE( I , J j f  DELTkK(  I , CT'~-kCCINtiT4( I , J ) % 0 .  5%('fC)Lltq-.Y'< 1 , Ll j 1 
0 0 4 4 8  -k - D E L T ~ ~ F : ( I , J ) ~ ~ C O N S T ~ ( I , J + ~ ) ~ O . ~ - ~ ~ ' ~ < : I , J ) - ' Y ~ I , J C I ~ )  
0 5 4 4 9  U=DELT*R( I , ~ ) * S 3 i  I ,  J) 
[I0 450  V=BELT*K(I,J).kS3(1+1,J) 
0 i t  4 5 1  Z1=DELT*R( I , J j-kCONST6C I , J j * C l  I 5 
0 0 4 5 2  ZZ=C)ELT-.R[ I , J):kCClNST6( I , Jf1 j*c7 c7 5 
i1045.3 C-kNOW W I L L  SET UP THE MUTRI C:ES ABAND AND BMATH.:Y. 
0 CI 4 5 4  &BAND ( K , JMA:X+I ) =I . CI+LI+~.~~+Z~-+Z~ 
Cf0455 I P ( I . N E . 2 )  G O T O  '305 
0 0 4 5 6  AWARE( I ,J)=A~IARE! I ,Jj+U*"fi 1-1 ,J) 
0 0 4 5 7  GO TO :31C1 
0 0 4 5 8  3 0 5  A E A N D i K , I j = - U  
0 0 4 5 9  3 1 0  I F (  I .NE. IMA:Y - I j  GO TO 3ClG 
0 0 4 6 0  ANARE ( I , J I =ALJAF,E ( I , J ) + v - ~ Y  i I ~ i k x  , J 
0 0 4 6 1  GCI TO 311 
0 0 4 6 2  3 0 6  ABAND( K , JMAX+1+JMAX)=-V 
0 0 4 6 3  3 1 1  I F ( J . N E . 1 )  G O T 0  3 0 7  
0 0 4 6 4  ABANC)i: # , JMAX+1 ) =ABANC)( tc; , JMAX-t-1 'I - Z 1  
o 0 4 6 5  AWAKE( I  AWARE^ I ,1 :)CZ~-..~~~YZEKU( I : j -" i(  I ,I) :I 
i~ 0 4 6 6  GO TO 312 
ilC146;7 3 0 7  ABAND(K,JMAX: i=-Z1 
[1[1468 3 1 2  IFiJ.r.1E.JPlAX) GCl TO 3 8 8  
0 0 4 6 9  AGJARE~: I ,J)=AWARE( I , C i : ) ~ ~ 2 - k ' ~ ' (  I i C 1 ~ i ~ : ; < + l  j 
[I [I 4 7 0 6111 TI:I 3 0 9  
130471 3 0 8  A&2,ND( K , JMAXf 2) =-Z2 
0 0 4 7 2  1309 BMATRXi~kj=AWARE<: I ,J) 
[ to473 3 0 4  CONTINUE 
i l 0 4 7 4  EMA:<=K 
0[1475 C:-k-kC:ALL IPlSL K O U T I ~ ~ I E  LEQT1B TO E;OLiv'E THE BANDED PlATRI ;< . 
0 0 4 7 6  I SIZE=(NJ- -3) -k (NI  - 5 )  
[ la477 [:ALL LEOT1B(ABAND,KMA:<,JMAX,JMA>:,ISIZE.BPlATF:X.l , I S I Z E , O , . : < i , I E F : I  
0 0 4 7 8  C-~NIZIL,~, G I VE Y'\,S TI-IE I F, NElJ l.,,'ALCIES STORI bIG OLD VALLIES I b.1 'r"OL[:'. 
[I [I 4 7 9 K = Cl 

0 0 4 8 [I [ > i t  3 1  5 I = 2 ,  I MAX-1 
[I [I 4 g 1 '?' IZILU ( I , JMAX+1 j =Y ( I , LTPIA>:+l 1 
[I [I 4 8 2 3 1 5  J= 1 ,JMA:;< 
0 [I 4 8 3  K=K+ I  
i t  0 4 8 4 'YI:IL[)( I , J )=Y. (  I ,J) 
[lo 4 8 5  '..:I: I ,J)=Bf- l&TRX(K) 
0 0 4 8 6  3 1 5  C:Ot.ITINUE 
[ lo487 61 111 '3 2 [I J = 1 , JMA:;<;+ 3 
0 0 4 8 8  .% ~ 1 L c j i 1  i - , J j = Y C 1  ,J) 
[ la489 3 2 0  'YOLD( IMA:;< ,J j  =','( I M A X , J )  
~ 1 ~ 1 4 9 0  C:*HI LL CISE &BBOTT'..,S [)I S S I  PAT I V E  1PJTEKFAC:E TO R I  D H I  GH FREQ OSC:I L L A T 1  ONS 
0 0 4 9 1  DO g5[1 J=1 , JPIA:< 
0 0 4 9 2  [)CI 650 I = 2 ,  IP lkX-1 
0 4 9 3  Y[)IS:s<: 1 ,J j=TAU*Y(  1 - 1  , L ? j + ( l  ,-2.*:TAU~i-k' i i  I ,Ll'.t+TACl~k'~i'( I+1 ,J'l 

0 0 4 9 4  D O  5 4 9  M=1 ,MPlAX 
0 0 4 9 5  I F(sJETTY (PI) . EP. 0 .  ;I CiO TO 5 5 0  



o i l 4 9 6  I F I I  .NEB IJET(I.1) .AND.I  .NE. I J E T ( M ) 4 - 1 )  GO T O  6 4 9  
0 0 4 9 7  IF(Y( I J E T ( M )  ,J) .GT.SCTETT\{(P1:) .CIRF:'I( I J E T I M j f 1  ,J;) , G T n S J E T T Y I P l j  jGi1 
0 0 4 9 8  1 TO 6 4 9  
0 0 4 3 9 I F (  I .EQ. IJET(M)) ' i 'C) ISS( I  ,CT)=TACI_k'k<i 1 - 1  9 ~ T : ) 4 - [ 1  s -TUL l j * " { ( l  ? L T I  

0 U 5 [I 0 I F i l  .EQ.(IJET(t.1j+li)'Yr)ISS(I ,LT)=TALI-k'<(I+19LT)+i1B-TA~-l)-k'Y(I , J j  
i t 0 5 0 1  
061502 
Oi15 i13 6 4 9  i:ONTINUE 
i 1 0 5 0 4  650  C:ONTINUE 
I:! 0 5 [I 5 DO 6 5 1  J-1 ,JMAX 
130506 DO 6 5 1  I = 2 , I M A X - 1  
i105C17 6 5 1  Y ( I  , J ) = Y D I S S ! I  ,J) 
0 0 5 0 8  C:kTMIS LOUP W I L L  STORE THE IMPL IC :%T Y 'JALUES REQ';,D Ti1 CUMP UY+QX 
CI 0 5 [I 9 Di l  40 I = l , I M A X + I  
0 0 5 1 0  DU 40 J=1,JMAX+3 
0 i 1 5 1 1  40 '%<IMP( I ,J )=Y( :  I , J) 
i l i 1 5 1 2  C::kIHI S LIZIOP l.11 L L  E:XPbI C:ITLk( PlOVE CUI\!TC!URS SEAWARD I F  REPOSE EXC:EEDED. 
0 0 5 x 3  tc,OUNT=0 
10 [I 5 1  4 SLOPEI.I=T&+Ni i t .  9kREPl1ISE) 
i t 0 5 1 5  DO 4 8  I = 1 ,  IMUX 
0 0 5 1  6 4 3  KOUNT=KilUNT+1 
0 0 5 1 7  IF iKOUr\ lT .GT.500 i l0 )  GO TO 4 1  
Oi l518 C-kLET US COMPUTE A L L  THE SLOPES(P5LOP) FOR EACH CHANGE I N  DEPTH. 
0 0 5 1 9  DO 4 7  J=1,JMAX+% 
0 0 5 2 0  DUM=--BERM/%. O 
111 0 5 2 1 IF(J .P IE .1 )  DUM=DEEP(I , J - I )  
130 5 2 2  DELH=0 .5-k( DEEP< l , J+1 j+K)EEP( I J) j -CI 5.k( PEEP,( 1 LTj4*Dl.lPl) 
i 1 0 5 2 3  PSLoP=DELH/('<( 1 , J+1 :I -'I<( I J;I 
a i l 5 2 4  4 7  !?ANGLE( J )  =ATAN( PSLlIlP) 
1:10525 ~:-,+lt..Jr:~ THE PIIN SLOPE AbIGLE OR THEI..I THE P3f; SLI:IF'E;REPIPIC-;E OR FITRGET I T  
i 1 0 5 2 6  ASLOPM=-1,OE50 
110527 &SLI:IPP=O .O 
i l  0 5 2 ::: [>!:I ,116 J-1 , JMAX4-1 
111 [I 5 2 9 I F (  SANGLE( J i  . GT . [I . i t  ) GO TO 4 5  
i t  [I 5 3 LI 1 F (  SANGLE! J )  . G I  .ASLCIP~-~)A~~L~IIPP~=!~~AI. I .~GLE( '  %I ':I 

[I [I 5 :3 1 I F i AS L 111 pp.1 . E I:! . 5~t . i  GL E < J ':I ::I . ~ p l  = J 
0 5 1:: 2 Gil Ti1 4 6  

1:1i15:2:2 4 5  1 F <  S~~P..IGLE( J:I . GT. REPCISE .Ar%iu. SANIT;~LE~ J':I . GT .ASLOPP:>ASLI:IPP=C;AI..JGLE( 2 1  
11 [I 5 5 4 IF(&S~I:I~P.EQ.SAI..IGLE(J:I'I JP=J 
i l  i 1  5 3 5 4 t, C 0F.1T I I.4 ?1 E 
I:I i t  5 ::: 6 i F i, ':; L i l  PM . E Q . - 1 . [I E 5 i t  . AN [:I . AS L 111 P P . E 61 . I:I . I:I ':I G 1-1 T 111 4 2 
Oi l537  1 F I . . I I ~ , I ~ . - I E ~ I : ~  . ,.. ,-; GO Ti1 4 4  
[I [I 5 3 8 [:~UI..l=-BERM.,''Z . 
0 0 5 3 3  I F (  JM .NE. 1) DUM=DEEP( I , JM-1)  
0 i l  5 4 i l  ALTER=(' .5.,,..SLiJPEm(DEEP('I , J M + j , )  -DUI..II 'j-;.'.r ( ! , J P . ' l + l  l - ' i i  1 ,.jPl':i : I,,."' 

[I 0 5 4 1 - r 1 . 111 + ( i D E E P I , Jp1+ 1 '1 - [:I E E P i I , JM :I :I ..,; !' L) E E 7 I: I , J PI ! - !l UP1 :I :I .> 

CI CI 5 4 2 'i; ( I , Jt-14-1 ) ="i; i' I , J M + 1  :1 +ALTER 
[ l a543  ' Y I  I , J M ) = T i  I ,JMj- I :ALTER*(DEEP( I ,JI.l+l :I-C!EEPI.: I , JPl:! )....'i DEEP!: I ,J" l ) - -DUMj  1 

i t 8 5 4 4  Q'(EXP( I ? JMf 1 ) =OYE::<P( P , JFI4-1 )+DX.z,.'DELT:kALTEF,:A:~ E)EEPi. I , J M t l  ':I -DEEP< I ,JP1) 
0 0 5 4 5  ;k j 

Oi154G GO Tl:l 4 3  
0 0 9 4 7  4 4  COI.lTII.,lUE 
i t 0 5 4 8  D UM= -BE RM.,," 2 . 

[I 5 4 9 I F (  J P .  NE .  1 ) DUM=UEEPI I , J P - 1 )  
0 0 5 5 0  ALTER-( (1-1 a ~, / 'SLOPEW~(D&EP(  I ,JP+1)-C)Ut.1) ) - i : 'Y ' i :  I , JP4-1) -"f< I ,JP j  ) ).,."' 



0 [I 5 5 1  ( 1 . O + (  (DEEP( % ,JP+1 j -DEEP( I ,JF') j.,,.'i DEEP! I , J P )  -5CIMj 11 3 
61 0 5 5 2  Y(I,JP+l)=Y(I,JPS1)+ALTEPP 
0 [I 5 5 3  Y ( I  , J B j = Y (  I , JP j - (ALTER*(DEEP(  1 ILTP+l j-C)EEP( I 3LIP)  j.,'CDEEP< 1 9~TPl - l )L lP1 j j  
0 0 5 5 4  QYEXP( I , J P + 1 j  =QYEXP( I CIP+l j+L:)~<..(~C)ELTdrALTER~~( DEEP( I JP+-1 :I -C)EEP( 1 , JP;I 
0 0 5 5 5  -k 1 
0 0 5 5 6  GO TO 4 3  
0 0 5 5 7  42 k . IEQ( : I9JMAX+1 j= ' I ( I , JMAX+1) - 'Y i1 ,JMAX)  
0 0 5 5 8  48 CONTIbIUE: 
0 0 5 5 5  C-k IF  WE GET SENT HERE, k 8 0 B  444 L.IILL CATCH THE CRUSSEE) CCINTOURS. 
0096Q 43. CONTINUE 
0 0 5 6 1  C*NOW WE CAN COMPUTE QS'\S AND QY\S? 
0 0 5 6 2  DO 3 1 8  1-2, IMAX 
0 0 5 6 3  C*ALL I M P L I  C AND EXPL I  C MOf.JEMENT O F  YZEKO L \ l I  L L  BE TAKEN CARE OF HERE 
0 8 5 6 4  %P,F=. 5 
O 0 5 6 5  Q Y ( 1  ,1)=-EiP,F*BERMkDX*(Y( I ,1I - - ' iULD(  I ,1)).,'C)ELT 
0 8 5 6 6  YEERO( I )=YZERO( I )+i3PPF-ki"i( I 91 j -'IClLCfI I ,I) j 
0 0 5 6 7  3 1 9  DO 3 1 8  J=1, JMAX 
[I (I 5 6 8 QX( % ,J)=KHS1( I , J j - .S3 (  I ,cJ':~:t't(ItlFS( 1 9J ' :~+5i3f f  1 ,CT)*'Y'IPtP( 1 - 1  ? J j  
0 0 5 6 3  3 1 8  QY(I,J+I)=C~INST~(%,~T+~~~(I::I~~~("II~IP(I,~I;I+"~ICILD(I~~~~-YIP~P~I~~I+~.:I 
0 11 5 7 0  % -YOLD( % , J+a j l+l.l%L!( 1 , J+-1 j > 
0 0 5 7 1  C)O 3 2 3  J=1 , JMAX 
0 13 5 7 2  Q X ( 1 , J ) = Q X ( 2 , J j  
0 0 5 7 3  3 2 3  OS(%MAX+1 ,J i=QX(%MAX,J )  
ClCI574 C:alOTAL QYS k.41 bL BE COMP FROM I M P L I  C AND &>(;PL% C ?)ALLIES .TWEbI ZERO O.'T'&:::~"P 
0 0 9 7 5  DO 3 9  I = l , I M A X + 1  
0 0 5 7 6  DO 3 9  J=Z , J M k X f  3 
0 0 5 7 7  Q'<( 1 , ,J)=QY( 1 ,,.3+QYE::<P( 1 , J )  
6C1575 3 9  QYESP( I ,J )=O.O 
0 0 5 7 9  C k T H I S  CHECK L.lILL BOMB ?HIPIGS O/lT I F  Cnl.+ITOUF":. HAVE CRO5iSEB. 
O [I 58 i l  DO 4 4 4  1 = I  , IMAX 
0 0 5 8 1 DO 4 4 4  J=1. ,JP.1&::( 
1:10582 I2-k 1 F CONTOI-IRS CROSS AT AN''.< T 1 PIE WAPJT PF,OGKriPI TO STOP? 
0 0 5 8 3  IF(Y(I ,J:> .LT:Y[: I ,J+I:I, co Ti1 4 4 4  
0 0 5 8 4  W R I T E i 2 , 1 0 3 )  
0 0 5 8 5  9 2 6 9  FORMAT " .k/ REPLACEMENT " ,151 
0 [I sE:& L . IRITE(2.9265)  t.JUNI?, 
0 0 5 8 7  COMMENT ldKITE(  2 ,*/I NUNIL' 
0 0 5 8 8  1 8 3  FORMAT( 2 X ,  "THE: c:QI.JTiJl-lKS HAVE CROSSEC) AI..4D '::I:IP~ETHIPIG I !zi WRONGfl ,..." 3 
[I 6 585 CC)PIMEP.IT I Alxlc) J HA1..,IE BEEPI CHAt..IGELi TO I I Ah..ifi J J HE F.E 
CI 0 5 9 0  DO 150 JJ=1 , JP1A.Y: 
itC1591 15111 l d f ; l I T E ( 2 , 1 ~ 6 1 )  ( Q > < ( I I , L T t J ; ~ , I I = l , I t . l A ? . : ' : ~  
i t  [I 5 9 2 E l i 1  151 J J = ~  , JPIAX 
i10593 151 WRITE(2 ,1C ! l j  ( I J Y ~  I I ,JJ\, I I = 1 ,  IMA:Xj 
i t  i! 5 9 4 DO 1 5 2  JJ-1 , 
0 0 5 9 5  1 5 2  WKITE12 ,10 i ! )  ( Y ( I  I ,JJ:!, I I = 1 ,  IMAX! 
i t  o ' ..I 9 - b - D I:! 1 9 J J = I , JMA): 
01:1597 1 9  ~ ~ ~ F , I T E ( ~ , ~ . C I O ' >  ('YULE< I I ,JJ) , I  I = I ,  'dPlAX) 
i105Sr8 ClSMMENT I Ab4D J L-IERE CHANGED DOGlI.4 TO HEF-E 
0 0 5 3 9  GO TO 4 4 5  
0 0 6 0 i 1  4 4 4  CONTII.IIJE 
0 0 6 0 1  C: L~JP,ITE(:2,9265) blUt\IIiS 
0 8 6 0 2  C:CiMMENT WRITE(2 ,92G5)  r'~IUbIII,! 
I:I[I~[I~ C%THE FISLLI:I~.~II\~G STATEMEFdT DETERMINE:? AT WHAT FREIL! EEIER'%<THII.~IG I S  WRITTEN'? 
0 0 6 0 4  IF iMODiNUNIV ,NWRITE j  ,I\lEECIj GO TO 1 
i 1 0 6 0 5  C:*LET',,E; L*IRITE A L L  OF I T  OUT. 



0 i 1 5 0 6  l . JR ITE(2p92G)  N/INI'.J 
C106i17 9 2 6  F&CaRMAT(: 2:~: T H E  TOTAL ELAPSED NUMBER OF TIPIE-STEPS, I.~lhlNI?.'= " , I 5  ,,"I 
0 0 6 0 8  800 FSRMAT<2X,14 (F5 .4 )  ) 
006139 C-h DO 9 0 0  1 - 1  ! 11.4AX 
Ci0610 Cik908 GJRITE(2,MOO) (THETA< I[ ,J! ,J-1 ,J I lAX)  
0 0 6 1 1  ~a DO 9 0 3  J=1, JMAX+1 
0 0 6 1 2  C1903  W K I T E ( 2 , 8 0 1 )  D E E P ( 1 , J )  
0 0 4 1 3  C-k DO 9 0 6  1 -1 ,  IMAX 
0 0 6 1 4  Ck90G WK%T'E(2 ,800)  (:H( I ,J) ,J=I  ,JMAX) 
ClO615 C-k DO 7 5 5  J=1,JMAX 
6 0 6 1 6  C k 7 5 5  LdK%TE(2 ,8 i10 )  (CONSTG( % ,J j  , I = 1  , 1PIA:Kj 
0 0 6 1 7  8 0 1  F O R M A Y ( 2 X , 1 4 < F S a 2 ) j  
0 0 6 1 8  C Wf?ITE(2,1UP) 
0 0 6 1 9  C 1 0 7  FORMAT(/, 2X, "THE LONGSHORE TRANSPORTS, QX, FCLLOW" ) 
00e,2[1 c E)O 1 5  J = 1  , JPIAX 
U i1621  C 1 5  W R I T E ( ~ , ~ I : I O )  ( O X < %  ,J) ,I=1 , I M k X j  
1:10622 C: W R X I E ( ~ , ~ I : I ~ )  
Cli1623 C 1 0 8  FORMAT(.,', z:?:, "THE ON-OFFSHORE TRAbISPCfRTS, O'r' ,  FULLUW" 11 
0 i 1 6 2 4  C: 1 7  J E ~  ,JIIA:;< 
i 1 i 1 6 2 5  C 1 7  l . JR ITE(2 ,101  j (QY!: I , J j  , I = 1 ,  IP4AX) 
~ ( 5 6 2 6  11: bdRITE(Z,109)  
0 0 6 2 7  C: 1 i t  9 FI:IF,MAT ( .,'' , 2>< , " PHE t.1EG1 C:ONTOLIF, VALLIE S , 'i , FOLLOGI " ';I 
1317628 C: DCI 1 8  J=1  ,JMAX 
00629 C 1 8  W R I T E i 2 , 1 0 0 j  ~ : ~ ~ I : : I ~ ~ T ' > , I = ~ , I P ~ A , > < : ; I  
0 <I 6;3C1 DO 1 5  I = 1 , % M A X  
0 0 b;31 W K I T E < Z , 1 ? )  I 
0 0 6 3 2  b l R I T E < 2 , 1 8 0 1 )  r:HT I , J )  ,J=1 ,JMAXS1) 
130633 18131 FClP,MAT( l :X ,  5HH , 9 F 8 . 3 )  
CI 0 $3 :: 4 WRITE(2,1 :302)  I:THET&[ I ,J ' : t ,  J = 1  ,JMAX+1) 
1:1[1635 1 8 0 2  FI:IF,I.)AT(~.:~ ,5HTHETA, 9 F 8 .  3 )  
[I 0 63G ~ . I K I T E ( ~ , ~ ~ ~ I ' ~ : I  < ' [ < I  , ,)':I , J = 1  , JI..)A:b:+1 1 
0 6 7 1 :3 F CI Rp1AT ( i ,y: , 5 H'y sq F , 2 ) 

1 - 
Oi1c538 L.%j F: 1 T E ! 2 , 1 3 [I 4 3 I. I:I:X ( I , J ':I , J = 1 , JpIAX+ 1 ) 
[I [I 6 3 9 $ $3 [I 4 F 111 KI.IAT ( 1 :c , 5 H IZIX , 9 F :3 . :3 ::I 
O0eT.40 1 5  W R I T E < ~ , ~ ~ I : I ~ ' : I  ( l I lY!I , J j  , J=1 ,JMAX+ l j  
1.30641 1 8 0 5  FI:IRM&TC 1 X ,  5HOY , 9 F 8 . 3  i 
[I [I 6 4 2  17 FORplAT i l X  , 1 ~HLCI~~GSHCIF~E SPAT I OI.~I , I 5 )  
1:IO643 100 F~P.PIATI~ : ,~ , I~(F~. . : : : : I )  
i l[ lG44 1 1 3 1  F I ~ K I . . ~ A T ( ~ : ; < , ~ ~ ( F ~ . ~ ' : I )  
CI <I $3 4 5 C:&LL pLlIlT!..IS ( I MA:;< , Jp1g.X , '( , YbFT , , I L F T  , 1 FT , E;JETT'f , I ..JET , I ~ . J l I l ~ ~ : . ! ~ ,  , MMAX .I 
C10646 1 CrJNTINilE 
111 0 6 4 7 R ET 1-1 R1.I 
0 0 6 4 8  4 4 5  STUP 
111 6 4 9 4 3 6 C: I:I~..~T I p.1 I-l E 
111 1:1 6 5 0 EtxJD 
CI [I 6 5 1  !S 1-1 B K 13 UT I p.1 E C!T R&bi 
- - 
1-1 /I 6 5 2 F'& F:AM ET E F: i p.1 I = 5 ::: , t..J >J = 1 1 '11 
e l0653 C:-kTHI!S SUBF,OUTIt..JE CALK:!:; THE BREAKER HEIOk.19 FOP, Ef-4C:t-i 

cl 6 5 4  ~:~~-~~-k:k:ii::k~tk-k~k~k~~kkrk:kkk-kkk:k-k-k:k-k~kk-/rk-k:ii:-kt~::k"k-k-k-k-kkkrkk~-k~tI::k~k:i:-k:A:-k:k~.k:I~-k-kkk:A:-kkk)rk"k4k:kik:k~"kkk:A:~ 
i I Q 6 5 5  C-kOF THE I I~P,I fi LII.-IE!!, , ~IETHI:ID--F IblDS "('-LOCAT I OI..I'zs E:EFl:lf?E &blD AFTER 
O[1&56 &:*BREAK I t.IG HAS OCCI-IRRED E"i ,%,REFRAC:'.,, , THEN USE::; SHOAL I I.iG TO GET f HE 
i10657 c:*HB~;~.C;~.~ELL\.S LAl.1 I!? I-ISED FIZIR f;l.EFRACTIClM OVEP. THE !SHORT D % S T  TO BREAKING 
1:10658 C-k Q:x"; I , J j 1 :J THE TRAI.IS BETl.dEEI,I( 1 - 1  , JI AbJD ( l , $2) AT THE E:LOC:KcENT 
0 0 6 5 9  COM~~CIN,,..&.,/' c ( 1.1 I , r.1~ ) , RI( Ip.1 I , NJ j , ''(. < 1.1 I ? t\J9 ) , DEEP r: I.;) I , t.%lJ ) , ALPHAS r' N I , P.1-J j 
0 [I 6617 C: IIMM OI..J.,,.'AA.,/'y'Z E P. CI < P.1 I ;I , l%ID E PT H 



Cf 0 641 COMMON/B/ THETA(N1 , N J j  ,QX40T(N I  j OLDANG(N1 ,I~JJ!, D Y l N I  ,bJJ) 
006652 COMMQN/C/ H ( N I  ,NJ) ,CC(NI ,NJ)  ,HI3L6,i,PlI ,F\1J) ,HBCNI It...J~l:l ,YBCNI j 
0 0 6 6 3  COMMON/N USED/JUSE ,I, CB, CGEN CGGEN 9APIGGEt..J CjX BERM vTHETAII(  l i t  ::I 9PtM4:x: 
0 0 4 6 4  COMMCIN/D/SIGMA,G,ELO,~YMAX, IMAX,PI ,TNCIPI r ~ ~ ~ ~ 2 , ~ ~ ~ t \ i ,  I J E T < l C l j  
0 0 6 6 5  1 , S J E T T Y ( l 0 j  
0 0 6 6 6  COMMON/G/% BREAKIN1 j I HNONBK(b4cT) 
0 0 6 6 7  COMMON/E./.RHO, RHOS, PcIP,its , CONST PKSI 
0 0 668 COMMCIN/P/WRQ(NI 1 , DEEPBCNI ) 
0 0 6 ~ 5 9  CAPPA=il. 7 8  
0 0 6 7 0  DO 1 I=Z , IMAX 
C10Gj71 DO 2 JJ=l  !JMAX 
0 0 6 7 2  J=JMAX-JJS1 
C10673 HDUM==(H( I , J j + H (  1 - 1  ,J i  i * C f n 5  
0 0 6 7 4  HBDUM=(HB( I , J ) + H B i I - 1  ,J) j - k0 .5  
0 0 6 7 5  C-kCAN ONLY USE COND ON ONE S f D E  OF STKUCT. CAN\T AVG HERE? 
0 0 6 7 6  DO 4 M=l,MMAX 
0 0 6 7 7  IF(SJETT''~(M).EG!.i l .)  GO P O  7 4  
0 0 6 7 8  I F ( I . N E . I J E T ( M j 4 - 1 )  GO TO 4 
6 0 6 7 9  IF (THETAO(Mj  ,GE,O .O) I S I D E = I J E T / M )  
0 0 6 8 0  SF(THETAU(Mj .LT.B.0 : )  I S % U E = I J E T / M ) + 1  
I:! O 6 8 %  YSEA=.?k(Y( I S I D E , J ) S Y I  15i16)E9cI+1j 1 
0 0 6 8 %  IF!YSEA.GT.SJETTY<M)) GO TO 3 
0 0 6 8 3  HDUM=H( IS IUE,J j  
U U 6 8 4  HBBUM=HB(ISIDE,J j  
0 0 685 GO 7-0 3 
0 0 6 8 6  4 CONTINUE 
0 0 6 8 7  7 4  CONTINUE 
i t  0 6 8 8  3 IF<HDUM.LT.  HBDUM) GO TO 2 
0 i t  $589 D E E P B ( I ) = ~ C ~ I . ~ - ~ < H ( I  r J + l j + H < l - l , a J + l j !  j - k t  i i l . 5 . k i D E E F ( I  , . d f l j  
0 0 69 i t  k +DEEP( 1 -1  ,J+l j ;I ;1-k-k0.25).,~"CAPPA)a-k0.8 
0 0 691 H&Q( I j =CAPPA%:DEEPel!, I 

C:kHBQ( I )  ANfi C)EEP@I.: I i !.,/ILL BE C.I:IPIPUTED ACCOF.T II.IG TO THE L.IA!,.!E 6j IPL.  
0 0 6 9 5  C:A% AT THE SIRLICTURE T I  F' , THETA0 . 
0 0 694 013 6 M = l  ,MMAX 
130695 I F ( S S E T T ' i ( M j  .EQ.O.) GO TCI 1 
C16 6136 I F ( I . N E . I J E T ( M j 4 - 1 )  G O T 0 6  
i l Q 6 9 7  Cs-kTHE TkAt.tSp~:tRTIp.iCi LdAVES GI1 LL BE COI-1PUTED ClSING THE i.slkvE 1 0  PRClF' S I  DE . 
i l 0 6 9 8  IF<THETAO<M) .GE.O .[I) GO TO 11 
[10t;99 DEEPB( I ) = ( H (  I J E T < M ) + l  , Jf1 ')*DEEP( I JEl'iPl 1+1, ,J+l !:k%O. 25.' !T.~FPr:!-h::kil. 8 
i 1 0 7 0 0  IBKEAKC I I = I E K E A # <  ICTETi,P1)+llj 
0 0 7 0 1  GO TO 1 2  
13C17~12 11 [)EEPB(: I ) = ( H (  IJET(P1j ,J+1j*DE:EP( JJETiPl! ,J+l :~:k:kil .25;C.APPw:1*.kil .E: 
00703  %BREAK! I j=IEREAK( I J E I [ P l 4 ; ~  :I 
0 0 7 0 4  1 2  HBQC I j=DEEPB( I )-.CAPPA 
0 0 7 0 5  GO TO 1 
CI [I 7 i t  Q 6 CitNTIMUE 
0 0 7 0 7  13 0 T 111 1 
0 0 7 0 8  2 CONTINUE 
0C170Y 1 e:ClI.JT!PIUE 
0 0 7 1 0  C k I F  THE ISFFSHitRE LLIAVE HT I S  ZERO, NE?.'ER GET TO HERE. 
0 0 9 1 1  C.kHOWEVER I F  THE: H 1 5  SUC:H THAT I T  1.lOCfLD BREAK INSHORE OF ' Y ' l  I ,2!  
Cf0712 Do  2 0  I = Z , I M A X  
0 0 7 1 3  IF (DEEPB( I j .GT .O .O; l  GO TO 20 
Cf0714 DEEPH(I  ) = ( H (  I ,1 )+DEEP( ' I  ,%)-/c*O .25,,"CAPPA!:A:kil .Y 
0 0 7 1 5  HBO(I)=CAPPA:kDEEPB(I) 



013716 20 CONTINUE 
0 0 7 1 7  HBQ( 1 ) =HBQ( 2) 
0 0 7 1 8  HBQ( IMAXS1)=HBQ(IMAX)  
610719 DEEPBi: 1 j =DEEPB( 2 )  
61 0 7 '7  , LO DEEPB(IMAX+l)=DEEPB(IMAX) 
O 0 7 2 1  RETURN 
0 0 7 2 2  EN U 
061723 SUBROUTINE BKEAK(IMAXIJMAX) 
0 0 7 2 4  PARAMETER(NI =53 , N J = W  
0 0 7 2 5  ~~-~k~+k~~k-k***-k**-k%%-k~k*-k-k*%-kk-k-k~k~k~k~~~k~k"k~-r~-k~k~kk~%~k~k~k~kk~*~k*~kk~~k"k*~%~k~k~k~k~k~k~k~k~k 

1313726 C-kKOUTINE W I L L  DETERMINE HB AND DEEPB ON THE GRID L I N E S  RATHER 
0 6 7 2 7  C:-k THAN BETWEEN THEM. REQ\D FUR CUFF BEYOND SURF ZONE. 
0 0 7 2 8  C:OPlMClN;"A./ C:(:NI ,NJ )  ,RK(N I  ,f..IJ j s Y ( N I  ,NJ) lDEEP(N I  ,NJ )  + A L P H A S i N I  ,I\iJ'! 
0 0 7 2 9  C:OMMON,/C/ H(N1 ,I..IJ:) ,C:G(:I.II ,b1J j ,HZlLD(P~II ,NJ )  ,HB(N% , N J )  , ' fB(N% j 
OC1730 CCIPI~ION,'MP/ RKB(NI) + w e 1  :> ,DEEPBI (NI 1 
0 7 3 1  [:&PPA=O . 7E: 

0 0 7 3 2  1 1 = 2 ,  I r 1~ :x  
0 0 7 3 3  D6  2 JJ-1 ,JMAX 
13 0 7 3 4  J=JMAX-JJ+1 
0 0 7 3 5  I F ( H ( I , J ) . L T . H B ( I , J ) )  GO P O  2 

BEEPBI iI ) = ( ( W ( I  , J t l ) - k D E E P ( I  3b1+2 ) - k - kC~125 ) . /CAPPA) * * i ~qS  
i 1 0 7 3 7  HBf  ( I j =CAPPA-kDEEPBI II) 
0 0 7 3 8  C:-k*-kONC:E THE H E I  GHT + DEPTH AT BREAKING ARE &BLIND, GO TO NEXT GRI 61-LINE. 
08739 GO TO 2 
007411 2 CONTIbIUE 
00741  a c:ordunNuE 
0 0 7 4 2  DO 20  I - 2 , I M A X  
0 0 7 4 3  I F(  DEEPBI < I j . GT . Cl . El;) GO TO 20 
[ lo744 CjEEPBI < I j = C  HI: I , 1 j-k[)EEP( I , l jrk-kO. ~~ , 'CAPF 'H  -t*kil. 8 
il 0 7 4 5  HE1 I '1 =CAPP&kDEEPBI (I) 
i l i 1 7 4 6  20 CrJPITIP~IUE 
061747 DEEPE:I < 1 j =DEEPBI 0 
0 0 7 4 8  &JEEPE): i II.lA>(i-l ) =DEEPE:I ( II.lA.:c;) 
0 0 7 4 9  H B I ( 1 ) = W P I I Z j  
61 0 7 5 i l  H B I  i IPlAX+1)=HEcI ( IMAX)  
0 0 7 5 1  RETLIRN 
0 <I 7 5 2  END 
<I 0 7 5 3  SbiRF<OUTIt.-jE F,E:FRAC( JBEGIN, JEb4Kj ,MPTs, 1 BEGIP.4, % Ebls), I START , f" i ' - t  
61 il 7 5 4 P A R H M E T E F : ~ N I = ~ ~ , N J = ~ ~ ~  
0 0 7 5 5  c ~f.d.,f&,,' c (1 1.1 I , l.;l J ) , p, ,K ( 1.) I , b.1 LT ', , '(' i: N I , 1.4 J j , Ej E E F' i' N I , I.;I J '1 , A L P HA S 1.. ?i I , J "1 

0 61 7 5 6  C CtPlM6il.~I,,.'AA/Y%ERO i N I 3 , I-1DE PT H 
0 21 7 5 7  t::OI.IMijI.J,,"g./ THETA (p.1 I , NJ ) , ~:t::<iClT ( I.4 I j OLBAf.~IG < bI I , NJ) , Lj'1 1. t.1 I . N3.r :I 

i l 61 7 5 8 C:OMMON,'C.,*, H(NI ,1..1~;1 ,CG(I\.II ,~'.IJ;I ,HOLD(NI ,I.JJ'! ,t-iBt?.lI ,I.IJI ,rE:iP4I 'I 

0 i t  7 5 9  C:OMMO~-I,,..PI US$&~,,/JIJSE , T , C:O , CGEP.I , C.GGEP.4 , AP.IGGEPI , UX , BERM , THEIAO i I 111 ! , MPI&:.:<. 
0 7 6 il I:.~I~MI:I~.I.,/D.,.IGMA,G, ELO,JM&.r:, IMAx , P I  , I I - IOFI , P I  0 2  ,HEEN, I JETi: '10 1 

~ 0 7 6 1  2 , SJETT'(i: 1 i 1 ; 1  

<I 61 7 6 2  C:UM1-lON,~'G,,~' I BRECili, r: N I ) , HNONBR i N J 1 
0 0  7 6 3  C: CtI.lM OE.Ii'ZZZ.."NT I ME 
111 13 7 6 4 OIMEI..IC;ION JE:EGII.l(NI ,bIEPIDiN%) 
0 0 7 6 5  c-ksrr*-ksir+-rc*-k.~.-k-k-k%:-k-le TH I s SLIBROUT I NE: GII LL DEIERM I NE H ~ r - ru  
0 0 766 C:-k+:%**-k-k-k%--kkk-kkk-lek-k THETA AT THE: MI [ )  PT PIF '.i' !.,.JAL/IES. 
i10767 c:*-.*TAY I 5 FACTOR l.IHI C:H RECOUPLES THE REFRACT1 ON EPS. SEE AEE:OTT 
U 0 7 6 8  TAbl=0.25 
1j61759 C:-kplUST PRESCRIBE THE l.IAVE kNCjLE AT THE CILlTERP1OSTCONTOUR BOX 
610770 C*SNELL\\S LAN W I L L  BE blSE6j TO START THINGS OFF. 



i l i 1 7 7 1  C:aTHETA(: I , J) l.11 L L  BE AT AREA\,S C:ENTER AN61 CJI L L  USE "c'i: I , J) I N  NEG Y-GI R 
0 0 7 7 2  C:kWI L L  I N I T I A L I Z E  A L L  THETA"\,S LlSIF.dG SI.IELL';S LAl.1. 
0 0 7 7 3  DO 2 0 6  I = I Q E G I N , I E N D  
0 8 7 7 4  C * I N I T I A L I Z E  TWO J-VALUES BEYOND JMAX, IF  I N  REGION 1. 
C10 7 7 5  I F (  JEI.4UI I j .EU.JMAXj J I N I T = 2  
o i l 7 7 6  I F ( J E N D ( I ) . N E . J M A S )  J I N I P = O  
0 0 7 7 7  DO 206 J= J B E G I N ( I j , J E N D ( I j + J I N I T  
0 0 7 7 8  C:*t4rJST C:ORREC:T FOR THE CONTClLlR OR1 EI.JTATI OPI, ALPHAS. 
~ 1 0 7 7 9  IF(I.NE.IBEGIN) G O T O  9 6 0  
6 0 7 8 0  A L P H A S i I  9J)=ATAN(~il,55k~''I1:I+11~ij+YII+I9.J+IZ~:)-i~.5%~~~i~I ,J,i 
0 o 7 8 1  - ~ r  +Y( I  ,J+1;1 j j./.c)xj 
0 0 7 8 2  GU TO 962 
0 0 7 8 3  3 6 0  I F (  I .ME. I END;) GO 7 0  951 
[I 0 7 8 4  ALPHkS i  I ,J:)=ATAN( ( 0  a55A:("i( I ,Jj+'.i( I , ~ i t - I )  )-[I - 5 k ( " Y (  1 - 1  9Ll! 
0 0 7 8 5  * + y ( I - 1 , J + 1 j ; 1  j/K):><) 
0 0 7 8 6  GO TO 362 
0 0 7 8 9  3 6 1  ALPHAS( I ,J )=ATAN( (O  0 5 * ( ' f < I + 1  ,Jj+"i< 14-1 ,sJ+l : l  j - O S 5 %  
0 i~ 7 8 8  -k ~r .y i I - 1 , L~ ;I +y c I -1 , 1 ;I ;I ) ,,,.' < 3 % c>>< ;I ) 
0 6 7 8 %  9 6 2  DALPHA-ANGGErd-ALPHAS[ % , J) 
Oi l730 ARG=( 6:( I ,J ),,,~'CGEN)kSII.~((DALPHA) 
0 0 7 9 1  I F < A R G . G T . % . )  ARG=1. 
0 0 7 9 2  THETA(P,J)=ASIN(ARG) 
0 0 7 9 3  CkMIJS7 GET THETA WRT THE X-AXIS.  
61 0 794 THEPA( I , ,J )=THETA( 1 , -J).fAk.PIIAS( I LT j 
007'35 2 0 6  CCI~~TPNUE 
0 0 7 9 6  C:*NOL.I, 1.4% MUST C:OPIP THE EOLlN G.IAL'E HPS SCl THE WTS CAN BE C:BrIPUTED. 
u o 7 w  C:aWI LL I-ISE THE EQ.  ****sk* DEL DCIT r E*CGI .=us 0 
007'38 C*NObJ WE l 4 I L L  CORRECT THE HT FOR SHOALING AI.IC8 REFRACTION PO THE f3 .C.  
i t 8 7 9 9  IZ-kl4I L k  ALSO I N I T I A L I Z E  H'%,S 1aJITH THESE EPUATI .ItN!Z; FOP, ENTI  RE ARF,A'I. 
0 61 30 0 DO 500 I=IBEGIP<J,IEI'.IC! 
0 0 8 0 1  C :%]bJ IT IAL IZE  TL.40 J-1JALl-IES EE'YOt\JD JMA>(: I F  I t4 '.lZ'.EGIi3N 1. 
610802 IF(JENDI: I ) .EO,JMAX':t J I N I T = 2  

0 8i13 I F i J E N D (  I ) .HE. J?'lCi>c;:1 JIt..IIT=I:I 
8 8i14 6,111 50i t  J=,JKEGINi 1') ,JEl \ ID( ' I )+JI?. l i f  

a i l 8 0 5  H( I , J') ==HGEI.I-kSURT( C:GGEN.,,.'l:G( I , J:) )-t.SQRT(: C:I:IS('~I.~IGGEI..J!.,/CI:I:~;(THETA( I , 
0 0 8 0 6  ‘)c J))I 
U 0 8 i 1 7  I F ( H B i : I  ,J) . L T . H < I  ,J ) )  H ( 1  , J ) = H B ( I  , J j  
i 1 0 8 i 1 8  500 I:O~..JTII\JI-IE 
i lB8i19 
[1081 i l  ~-k~~%~~~:h::k~k:kk$~:A:%-%-kk-k-k~Jc-k-k-~kk-k~-k-k-Ic-k:k~-k:k~-k:k:k-k-k-k~k~k~k:k-kk-k~~:k-k-k-k:~:~A~-4::~::~::k%:1k:k~-k:k:k-k~b-:k:k 
0 0 8 1 1  C:ikLES"\S F ILL ,  THE Et"{ ARR#(. 
61i l892 C-k6!'( l+II L L  BE IFIDEXED AS THE THETki TI:! LdHP C:H CtIE &RE Gl:lIt,IG. 
~ g 1 8 1 3  DO 2 0 9  I = I B E G I N , I E N U  
i f 0 8 1 4  DO 2 0 9  J = J S E G I N (  I )+I !JEND( I) 
0 0 8 1 5  D','('I , ~ - 1 ) = 0  . 5 - k ( ~ (  I ,J-I)++{ I ,%-TI ) - c I . F J - ~ ( Y ~  I ,J': I+Y~' I[ , J + 1 ) 'j 

0 0 8 1 6  209  CClP~lT1blblE 
130817 ~ . . I I T E $ : S = ~ ~ I U  
i 1 i 1 8 1  53 DO 1 0 0  P~~ITER=I ,MITERS 
ill3 8 1  '3 SCIMANG-il . I:I 
C1082U C.kDO '.,~CI LOIIIP': GClES FROM 2 TO %MAX I F  ISTARS =PBEG%I.I 
0 0 8 2 1  C:-kDO \6 i I  L017Pk5, GClES FROM IMAX-1 90 1 I F  ISTARTz IEND 
0 0 8 2 2  DU GO I I = I B E G I N , I E N D  
00823 C:MLIST HAVE I T  SET LIP 5 0  THAT THE I(NOL\IN BOUNDARIES 
0 0 8 2 4  I F (  ISTART .EC!. IBEGIPJ) %=I I 
0 6 8 2 5  C:OMMEPJT L I  l\JE l.1ITI-l CINKNO1.IM C:HARACTERS REMOVEC HERE. 



111 0 8 2 6 I F (  I START. EiJ. 1 BEGI1';I .AND, I . EC!. I BEGIN)  130 TO +i?O 
0 0 8 2 7  IF( IE;TAF.T.EQ. IEND)  I = I E N D - 1  l + I B E G I N  
Oi l828 IF ( ISTART.EQ. IEbJD .Al4D. I .EG!.IEND) GO TCl 60  
00829 C-kADX EQUALS ACTUAL DELTA X ACROSS SPACE STEP. 
i 1 0 8 3 i 1  C*ilI.lL'i OP.1 BOLINBAKIES l.JHER$ FOBC~JARD UP, BAC:KL%IAKD DIFFERENC:IblG. 
0 ij 8 3 1  I F ( I  .I..1E.%BEGIN:l GO 10 6 
0 0 8 3 2  AD.>< - Q:x 
i t  0 $333 I P = I + I  
i t  0 8 3 4  114-1 
0 0 8 3 5  GO TO 1 2  
i 1 i t 8 3 6  6 I F ( I . N E . I E N D )  G O T 8 1 0  
0 0 8 3 7  ADX=DX 
0 0 8 3 8  I P = I  
[I 0 8 3 9  I PI- 1 -1 
i 1  0 8 4 0  GO TO 1 2  
C10841 1 0  &E)X=2. il-kc)X 
0 [I 8 4 2  IP=I - i "1  
o i l 8 4 3  I M = I  -1 
i t 0 8 4 4  12 C: 0bJT I f.1 /I E 
<I i t  8 4 5 ELI 40 J-JBEGIN( I ':I , JEND( I j - - l  
i 1  0 8 4 6  C:-A-L.I I L 1. F F,I:IM ( JMAX -1 )I 1 ICI 1 EECAI-1::;E T HAT\.,S THE D I R l~JAiL1& C:BPI E S I i.4 F-R OPI , 
0 0 8 4 7  JJ=JEl.j[:+( 1 j -1-J+JBEGIP.l( I ) 
i10848 OLDANGi I ,JJ j=THETA(  I 3 L T C T ' : ~  

i 1 0 8 4 9  C-A-LOCATE MIDPOII..IT BETLEEN TWCI ADJACENT BLOCK C:ENTEF:S 
0 0 8 5 0  C:-kB&[:&lJSE THETA'\S JJ-\,?ALUE I S  THE SAPIE AS THE F% RST SHOREL4ARD '< t,!ALCIE 
0 0 8 5 1  C::kPlUST !JC;E JJ, J J + 1  , Al\JD J J + Z  TO COMPCITE YBAR. 
[I 0 852 ' <BAF~=~I  .25-k1:,'y( 1 , J J ~ : I + ~ . ~ I - A - " , ; I  1 ,JJ+1]1+'r'i I ?JJ+21  'j 
0 0 8 5 3  C:-h:b~:tc:&TE ApPF:OPRIAT& II.;lDI C.E:; 01.1 I P AND I M  135 I rj LIbJEE;. 

[I 8 5 4  II.lIbJI..IS--1 
[I 3 5 5 I PLUS=+1 
I~I  0 8 5 6 C:A L L L 111 C: I Pl , ,J ,J , J 111 1 M , J S I I.l , ".i El& K , I M I I.4 I1 S ':I 
[I CI :;: 5 ;7 I:.ALL LDC:( 1 P ,  JJ, JCI I  P ,  J S I  P ,'./BAR, I PLUS) 
0085:3 C-kNOI..I Ll::;E THE C:C)PISEKOATICII\J OF WA!,!ES EQUATIc7l.I. . . . . . . . . . . . . . 
0 [I 853 PAKT1C=RE( I , JJ+1 IkSI.N<THETAI: I ,,JrJ+l j 
i 1  CI 8 6 i t  PAKT 2 = - ~ ~ i '  ( I , ,I ,I :) .,,.'&Dx 
i I i1861 C:aL..II L L  LIP.JEAR,L'/' I~\ ITEKPI~ILATE TO DETERMINE RK*C:OSi:THETA) AT 1 i -1  AP.11) I -1 . 
008(92 C:-.kIF r.10 ADJ ::;HI:IREL.&'+RD PT EXISTSI  PI-IT I N  ZERU F O R  TERM5 If4 GO1...). EO. 

0 :3 6 3 ! : I ;  GCI TI:I 3 0 1  
[I i 1  8 G 4 PART:B=O. 0 
0 [I 8 6 5  GO TI:! 3 0 2  
i_11351_-;G 3 0 1  ~ I ~ I ~ I ' . ~ = ~ ~ ~ , ~ ~ . ~ , J ~ ~ ~ ~ - ~ ) - A - C : ~ S ( T H E T A ~ I P ~ , ~ J I ~ I I P ~ - ~ ' ! I  
i t  [I 8 6 7 BI:ITI~~=F:K( I p ) ,  J S I ~ ~ ' , . ~ C : ~ I E . ( T H E T A ~  I M  ,JSIP1:! ) 

0 0 8 6 8  T OT& L E: = 0 , 5-k ( '( (' I PI , ,J CI 1 PI '1 +i/ ( I I.1 , 111 I pl - d. ;I 1 -[I . 5'G i .< I 1 I.'! , !:. 1 !..:A 1 ! 4- -i ( 1 !..< , J 5 I I.1 j I 
[I [I 8 13 9 I =  I k i: 1 , I I 1 I + i I I J I 1 ) -'.('BAR 
i 1  0 87C1 pGF%T5E:=i I: PI:ITALB-K:,UME(;I-~: (T I~~IM-BI I~TIP~ ' ! .~ 'T I : IT~LE: ' !  +E:C:T IM 
0i1871 ,302 IF (JS1p .NE.O ' )  Gil  T i !  3 0 3  
0i1872 ~ & R T : ~ H - I ]  . !:I 
i j i l S 7 3  GO TO 304 
0 0 8 7 4  3i13 TI : I~I~-R~.. ( , IF ' , .~I : I :P-~)* I : : I~I ! ; : (THETC~(IP,~T~IIP-~I ; I  
i t  0 8 7 5  BOTIP=RK( I P ,  JS%P)%:CCtS(THETA( I P  qCTSIP:i 'I 
0 [I 8 7 6  T~~AL~=~I.5-k(',"(IP,JOIP)+~/'('(I:P,J~IP-1))-O.5:A:~'lIIP,J:3IPf~.!+(~iIP,~!f~IP:~ ! 

i10877 DUf..IA=l:l . 5-kc r;l\ I P,  JOI P;I+Y! I Fi, JOI P-1 )  )-%.,'BAR 
<I [I 8 7 8 PART:3A=(' (TOTAL&-&)ClMA)*(TOPI P-ROT I P)../TClTALA)+E:OT I F' 
130879 3 0 4  PAKT3=FARP3A-PART3B 
i10881:l CkNOL.4 MIJC;T FII.\lp RK*!SII\I(THETA'l FOR 14-1 AND 1 - 1  AT J C 1  



0 0 8 8 1  Y'EARP=[I .25-k('..<(, I ,JJ+1j+2.:C'yY( 1 ,CT1.T+2j+'(( I 9bTLT+3) 11 
[I 8 8 2 CALL LISC:(ItM,JJ+l ,JPOIM,JPSIM,YBARP,  IMII \ IUSj  

[I 0 8533 CALL LilC(: I F',JJ+1, JPOI  P ,  JPSIF' ,YEARP, I PLUS) 
0 0 8 8 4  IF(JPSIM.NE.O; i  G ~ I T U  3 0 5  
0 0 8 8 5  PAKT1B-Cl . O 
U <I 8 8 6  GO TO 3 '14  
0 0 8 8 7  3 0 5  TOPM=RKi IM,JPOIM-1 j *S IN(THETA(  IM9JPCI IM-1  j j 
0 0 353 BCITM=KK( I M ,  JPSIM)*SIbJ(THETA( I M 9  CTPEiIP1 j j 
i t  0 8 8 3  TClTB=il . 5 * ( Y (  IM,JPBIP l j+" f (  IM,,JPOIM-1) j-!:I . J * ( ' i r  IM,JPE; IM+l )+  
0 0 8 9 0  * Y (  I M , J F ' S I M ) j  
0 0 892  K)UMF'B=0. 5-k(",'i IM, JPCtIMj+"i( I t l ,  J P O I M - I  j j -YBAf?P 
00  8 9 2  PARTI@=(  (TI:ITB-DUMBB~*~TCIPP~-BCITM~.,/TCITB)+BI:IT~~ 
0 0 8 9 3  3 0 G  I F ( J P S E P . N E . 0 )  G O T O  3 0 7  
0 0 8 9 4  PART1A-i l .  il 

0 0 8 9 5  GO T o  3053 
o i l 8 9 5  3 0 7  TOPP=KK( I P, JPOIP-1  )-k$;Ibj(TIJEEp&(: I p bTp~:~I p-1 :) j 

O i l897 BOTP-RKi IP ,JPSIP) *S I t . J (THETA i  IP ,bTPSIP j  ;I 
0 0 8 9 8  TOTA=0.5*(~f(IP,JPOIPP~~'it:IP!~TPI~IPp1)!-CII5*~'Yt, I P q ~ T P S I F + 1 j + Y < I P 9 L T P 5 1 P  
ij ij 8 9 9  .k .. j 1 

[I 900  DUMPA=0 .5-ki:'Yi I P , J P U I P j + " I (  IF , JPOIP- -1  j j-'iBARP 
[I [I 30  j, P k R T l k = (  i:SOTA-DUMPAIt-k(TOPP-BBTP j/TClTA j+ESClTP 
c10302 3 0 8  F"ART1=TkU.kPABT1B+( 1. - 2  .*TALI j*PART1C:+TAIJkPAFIT1A 
0 0 90  3 I F (  J P S I  11. EU. 0 )  PARTI= (  1. -TALI )-kF)ARTIC:+PACbkPART1A 
0 0 9 0 4  I F (  J P S I  P.EQ. O)PARP1=TACI-kPARTf B + ( 1  -TALlj-kPAP,T1lz 
0 0 9 0 5  &KG=( ( PAKT1+PART2*PAPPT3 ).,"RK ( I , LTLT j 5 
0 0 9 0 6  C-kI F THE EilUTIP4E I 5  TO BLOGIUP ,USE SNELLS LAbI. 
0 13 30  7 I F ( A B S ( A R G I . L E . 1 . O j  G O T 0  4 1  
111 0 9 0 8 ++RG=(C.( I ,JJ;i/'C:( I ,*JJC1) jkSIP%Ji 'THETA( I ,JJ+L) j 
Oi l909 ! F C ~ K G .  GT. 1 . 0  1 kEG=%.  0 
[I [I 9 1 0 THETA! I , ,JJ':i=&SII..,j(&F<G) 
0 0 9 1 1  GO 1 0  42 
i l i 1 9 1 2  4 1  T H E T A ( I , J J i = A S I N ( A R G )  
0 0 9 1 3  4 2  T H E I A I ~ I , J J ) = ~ I . ~ : ~ ~ T H E T A ( I , ~ T ~ T ~ I + C I L ~ ) A ~ J G ( I ~ ~ T ~ T ' ~ )  
Oi l914 SUM&NG=z;UI..IAI.IG+(ABSi'THEfA( I , JJj -1:lLDANGi I , JJ) :I I 
i l i 1 9 1 5  40 CilI.ITI1\1UE 
0 0 9 1 6  (50 C:OP%JTII.;JUE 
0 0 3 1 7  1:npiUS-r EJECT I F L.JE HALT REACHED AH AC:C:EPTABLE I TERAT I 0p.1 E?,KI:IR 
i l i 1 9 1 8  C:-kIF THE SLIP1 OF THE ABSOLClTE [JALClE I:IF ANGLE C:HAPJGE::; Lil..!RIi;JG nN 1TEF:ATION 
0 0 9 1 9  C* &[.,:ERAGES LESS THAN 0 . 0 2  DEGREE!:; PER GRID I T ' >  I::LI:ISE EI...II:II-IGH. 
[I 0 9 2 [I I F(Ei!_II..l&b1G.LT. (NPTSk0.  0035 . i  7 GI:! TI-I 2 1 5  
0 [I L321 I F ('I;] ITEF,. GE . 50  ) 6‘0 TO 21 5 
0 0 9 2 2  1 i l  i t  C.I:IP.IT I NlJE 
CI [I 9 2 3 W R I T E ~ ~ , ~ ~ I ~ )  
i 1 0 9 2 4  2 1 5  C:I:INTII.II..IE 
0 0 3 2 5  C* I TERAT I ON LOOP FOR THE WAVE HE I GHT . 
0 0 926 0 111 5 CI 1 1.1 I T E = 1 , r.1 I T E R :S 
Cl ~1 92: 5 UI-1 H = 0 . 111 
0 0 9 2 8  DO 5 1 i l  I I=IE:EGII\4, IEtdK) 
0 0 3 2 9  C-"rplLlST HAVE I T  SET UP S(j THAT THE ICNOWbJ BOCII.~IDARIE5 !-IT::;. &REF-iL..T F!.ECOPlF' 
O 0 9 3 0  I F < ,  ISTART.EQ.IBEGII4; f  % = I %  
00  3 3 1  I F (  ISTART.EC!. I B E G I N  .AND. I .EL!. 1BEGIP.I) 0 0  TO 5 1 0  
00932 I F ( I S T A R T . E P . I E N D )  I = I E N D - I I S I B E G I N  
0 0 9 3 3  IF( ISTART.EL7.IEIdD .AI..JD. I .EQ. IEND! GO TO 5 1 0  
0 0 9 3 4  C-kAD:(; EO/IALS AC:TUAL OELTA X ACROSS SPACE STEP. 
i j 0 9 3 5  C-kOpdL'f CIP.~ BOUNDARIES L%IHERE FORWARE) OR BACKL.IAF:D D I  FFEREPdC:IP4G. 



I F (  I .ME. IBECiI1.d) GO PO 5 0 3  
ADX=DX 
TP=I+2 
I M= I 
GO PO 505 

5 0  3 I F ( % . N E . I E N D )  G O T O  5 0 4  
ADS=BS 
IF'=% 
IM-I -1 
GO PO 5 0 5  

5 0 4  ADS-2.0kDX 
I P = I + 1  
I M = %  -1 

503 CONT I NU.€ 
HNONHK{ JMAX) =H( I , JMAX) 
DO 5 0 2  J - J B E G % N i I )  , JENDi I ) -1  
,YJzJEND( I ) -1-J+JBEGIbI(  1 ) 
H O L U ( I  , Y J ) = H ( I  ,JJ) 
YBAR=O . 2 5 * ( Y (  I ,JJ)f2.CI~k'P:(( I ,LTI.T+~~+'Y'( I I J,T-CZ) j 
[:ALL L o c i  ~ ~ , ~ ~ ~ ~ g , r ~ . i , , r s n t ~ , v a ~ ~ j , ,  r r l s N u s j  
C:ALL LOCI: IF ' ,  J J ,  J o I  P ,  J!3% F' ,"<BAR, I PLUS)  
PART l :3= (H i  I ,JJ+1)%-k22 )-P:CG( I ,CTL1+l jsr:C:OS(THETA( 1 , J L T + l  1 j 
PAKT%=DY( I , JJ)/'AD:Y 
I F ( J 5 I M . N E . O )  GO TO 3 1 1  
PART4B=O . 111 
GO PO 3 1 2  

311. POPIMH=(H(IM,JC~IM-~)~~~.)-~C:G(IM,JUIM-~':~*(SIN(THETA(%M,JOI~~-~!!':I 
&[ITII.~H=(H( IM, JS%M)**2 .  )%CG;< I M , J S I M ) k S : ' l ( T H E I A (  IP1,JC;IM:j) 
~OTAL_B=[I .5a( ' .y(  Ipq,,JOIpl)+'I i  IM,JCl IM-1 j j-1.1 , ~ - ~ ( ' I . ( I P I , ~ T S I M + ~  j+'i( I I -~,JSIPI ; I  
UI-klE!=U. 5-k(:'{( I M ,  JCIII..l)+",<( I M ,  JOII.1-1 3 j -YBk? 
PAF!.T4B=( ~T I~T~LE: - ISC~P~B:~~~ :~TC~PIP~H-BTJT IP IH)  ... TUTALB)+t3sTIMH 

3 1 2  I F ( J S I P . N E . 0 )  GI:! 1 0  3 1 3  
PARP4A=0 . 0 
GO 10 3 1 4  

3 1 3  ~~IPIP~=(H(IP,,J~IIP-~;~-~*~.)*CG(IP,JOIP-~)~~SII.I(THETA( I P , J O I P - 1 ) ' )  
BBT1:PH=:(tJ( I P , J S I P ) f - k 2 .  )-A:C:G( IP,JSIP)-kSIP.-lI:THETAi: I F ' ! JS IF " l  j 
TOTALA=O ~ p , j ~ a r p j + ~ r . ' (  I P , ~ ~ o I P - ~ : ~  ;I-CI .fi-,+~'r~: I P , J S I P + ~ ; ~ S ' " , . I P ,  I I. I- T'IP" .-. I ' I 

BUMA=CI .~* (Y(  I P , J e l r P j + . . i c n p , s J o n p - i j  ~- 'YBAF, 
PART4A=i  (TOTAL&-DUMA;I*(TI:IPI pH-BIIITI pH11 ..I~'TCITAL4;~+E:l>TI pH 

3 1 4  F'ART4=PART4A-PART4B 
'.r'EARP=O .255r:('.f'( I ,JJ+1 ) f Z , * Y (  I ,.-TJ+2:>+"f( I I,JJfC:::~ j 
CALL Loe:r  IM,JJ+I ,JPCI:I~I, J p s r r i , > ( ~ ~ ~ i , ~ ,  IPII~..IUS'I 
CALL LilC:! I P ,  ~ ~ 9 1  , JPOI P ,  mr;I P ,  ;<BARF', I PLI-IC;;I 
IF (J~SI I . I . : . . . IE .~ I )  GO TO 3 1 5  
PART1 2=O. O 
GO 70 3 1 6  

3 1 5  TilpMH=(' H i  111, ,TF.1:111.1-1 )k-k2'):kc:r j(  Ip1, LTpoIkI-l :I-JIC.U~(THETA( IPI, JF'I I I IM-I I I 
~ ~ T p l M = ( H [  Ip.1, JPSIpl)-k-ki:2)kC:G(' It1,JPC;IPlj-kCOS(THETA! IP1,JPSIII ' )  ::I 

TQPB=.5:k(;f( I p l ,  JPOIpl)+'..(( % P I ,  JPO1I.I-1') ) - . 5 * r ' y ' i  l ~ l , . . ~ P S I M + l ' l - t ' ~ " i  IPl,JPSIM'l  'I 
DfJplF'8=1:1 . 5-kc'r'r' IpI,JPf:f%M1+'~i(' IM,  JPOII-1-1 ;I ) -'iBARP 
PAET1Z=( <POTB--DUMPE!).k (TC~PI.~H-BCITMH;I,~~'TCIT~;I+BCIT~~H 

3 1 6  I F i J F S 1 P . N E . O )  G O T O  3 1 7  
P A R T I l = O  .O 

T O  ,318 
3 1 7  P O ~ ~ H = ( H (  I p ,  JP~I  p-2  j * *2  )%CG( I P ,  JPOI P-1': i-kCOS(THETAi IF ' ,  JFCl IP-11,  



IZI i 1  9 9 1 BilTPH=(H( I P , J P S I P j k k Z j - k C : G (  IPPCTPC:;IF')~kl::CtSiTHETA( IF',LlP!31P:~ j 
0 0 9 9 2  T U T A = . ~ ~ ( ' I ( I P , J P ~ I I P ! + ' Y ' (  I P , J P O I P - 1 3  j - . 5 * 1 Y (  I P , J P S P P 4 1 j + ~ i I  I F ' ,  J P S I P j  1 
00'333 C)UMPA=il. 5k(".I( I P, JPClI F';?+'Y'( I P ,  J P O l  P -1 )  j -YBNRP 
[I i t  9  9  4  P A R T l I = (  (TUTA-DUMPA j%(T6tPPW-&(CtTPH j,/Tb3TA)+BClTPH 
0 0 9 9 5  3 1 8  PART1H=TAU*PART12+(11-22%TAIIj*PART13+TAUkPNRT11 
0 996 I & (  J P S I M - E Q .  OjPART1H=(:1 -IAkIjkF'APPT13+TACkkPART11 
I:I 0  9 9 7 I F ( :  JPSI P.  EQ.  0 3 PARTlH=TAIIIkPART12+i 1 -TAbIj-.kPARTl'3 
El0998 &KG=( (PART1H-t PARTZ-kPART4 ).,'(: CG( I , c~IT'I%C:C!S(PHETA( I JeT;j j ) ) 
i t 0 9 9 9  C.kIF THERE I S  PO BE AN I N V A L I D  SQRT,USE LINEAR SHOALII..IG. 
[I 1 i t  i t  [I I F (ARG.GE.0 . )  GO 1 0  4 4  
131i101 ARG=(CG(I  ,JJ+1):46:0S(THETAiI  , J J C l j : r ) , , ' ( C G ( I  , J J ) % C i l S i T H E T A i I  ,JJ)) j 
0lC1132 IFCAKG.LT . i l .O j  ARG=O.it 
i 1 1 0 0 3  H(  I , J J ) = H i  I ,JJ+~):~SLIF:T(,AF',G~I 
i t 1 0 0 4  GO TI:I 4 5  
0 1 0 0 5  4 4  H i  I ,JJ~=SQRT(:ARG;I 
0 1 i t 0 6  45 H [ : I , J J : ~ = ~ I . ~ - ~ ~ H ~ I , J J ~ I + H I ~ I L C ) ~ I , ~ T ~ T ~ ~  
0 1 0 i t 7  HNUNBK(JJ)=H( I ,JJ) 
O l i l i 1 8  CkIBREAK(  I j=JLT, THEREFORE JJ l d % L L  BE LEEL~IARO S IDE OF GRID AT IPcIIT BREAK 
it10047 IF(HIE(I ' I ,JJ)  . b T .  H i ' I , J J ,  .AND. HB(I,JJC~:>.GE.HNOI\IER~J.J+~'I:I 
i t  1 0 1 [I -k: I BREAK! I ) =JJ 
i l  1 n 1 I IF(HB(, % ,JJ) .LT.H(I ;I H[: I , J J j = H B I  I , JJ ' j  

i t  1 i t  1 2 SUMH=SUMH+ABSi H( 1 , JJj -HClLE)i I , CIbl':~ ) 
it1C113 5132 C:ONTINIJE 
i l 1 i l 1 4  5 1 0  CONTINUE 
111 1 0 1 5 I BREAK ( I END =I BREAK I: I EbIC)-1 
(31i116 IBKEAKC IBEGINj=IBKEAP,< I BE:G~EEI+~ j 
i t  1 111 1 7 IF iS lJMH.LT.  (NPTSkO .il1:) :) GI:! TO 5 0 7  
<I 1 [I 1 :3 IF~P.IITER.GE.~~I:, G O T i t  5 0 7  
I:! 1 0 1 9 5 [I 1 C Op.IT I I..] I> E 
111 1 111 2 [I l.Ip% I TE I:: 2 , 3 1 
i t 1 0 2 1  5 i l T  C.OP.ITII\JIJE 
0 1 0 2 2  SKI 2 F!:tF.',t.IC;T 12:K , 4 i5 F 1  5 . 5 'I , -...'.;,'.,.' :I 

[I 115 2:s $ i i  3 FIIIRMAT ( i:;< , " HFTE?, N 1 TE F: 5. I TERAT I IIINS , l:.l:lp..II ,... !EP:GEI.-IlT:E HIZIT P EAC:HE[! ) 
111 1 8 0  4  FI~RMAT ( 2:;< , "THE I..IAC!E HT . Rt:tI-IT I !;.jE C:Clf\II.!EKGED 1P.J , t.1 I TER= " , I 5 , .,/.,.,."I 
13lr325 8 0 5  FI: IRMAT(~X,"THIS 15 M'r; C.HEC:F;If.JG l..IRITE STATEME!..JTn) 
i l  1 111 Z& f:it 6 FClRPl&T ( 2X , " THE I..IA!,!E APJGLE F.'.l:lCIT I bIE CON?JEKGEC:l 1 N , 1.I I TER= " , I 5 , ./'.:;':i 
0 1 111 2 7 
0 1  i t 2 8  EI.1 D 
i 1 1 0 2 9  SilBF.OCIT I I\IE C! I F F  ( RHON~J , THETAO , GP~GLE , APlF' .I 

111 11:13U C:-k:k-k:-k[>I FFF.AC:T I KIN ABilLlT !E5EI-11 I PJFI :.-I I T E  E:REcii.;!..lkTEP : PE!..il.iE'i -F.P I !IF .i 
0 l i 1 3 1  P I  = '> .14159265  
111 1 0 3 2 ABS!Z,=SIP<J( 0 .  ~%(:ANGLE-THETAI:I :I j 
1 i t  'C* '7 

LC .- ABSF'=SINi  i t .  S+(ANGLE+THETAit:i ':I 

i l  1 3 4  ABi:=C:CtS(AI.JGLE-THETAO) 
0 1 111 3  "; ABi :1  =C:OS(ANGLE+THETACI;I 
0 1 0 3 6  :X:>: = R H ON 0-kA E: i: 
t i t  1 111 3 7  :;(;<I C = i: lzl ; '<'Y 'I 

-2 I,. ., .. , 

[I 1 i t  3 3 ',('..<. . ,= - q I ,.J (. ',:<>< , ., ....' % d - b , 

i t  1 i l  3 9  :;<:;': 1 = R H 0P.I Dk& B C 1 
i t  1 i t  4  0 :(. .. %, x C: 1 = C: 5 (: '::(:;< 1 ) 
0 1 0 4 1  : : ~ ; : Y s ~ = ~ I N ( x x ~  j 
0 1 111 4  2 AL=SIJRT C KHctNDiPI ) 
CI 1 0 4  3  S I  G=Z. itkAL:kABSS 
i t  l i t  4  4  SIGP=-2.lJkAL%&BSp 
i l l 0 4 5  CALL F K E S ( S I G , C , S , F K , F I )  





CI 1 I i~ a H( I  ,J)=HB~I ,J) 
i l l 1132 2 i 1 2  C ONT I I.1 UE 
Cl1103 C:-kl,1ILL ATTRIB  AN EQUAL REACH TO EACH S I D E  OF EACH M-GROIN. 
011O4 DO 200 M=1 ,MMAX 
0 1 1 0 5  I DUPlL=1 
O l l i t 6  I F(M.I.1E. 1 )  I DUML=( I JET iM:>+ I  JET(M-1  j j.,/'2 
c111i17 I DLIMR=PMAX 
i t 1  1 i t  8 IF(M,blE.I-1MAX) IBLIMR=I I J E I ( M ) C I J E I ( M S 1 )  ),/2 
011~79 I\JPTS=U 
i l l 1 1 0  DO 1 I=IDLIML,IDUMR 
C l l l l l  DO 2 J=1,JMAX 
0 1 1 1 2  I F ( Y ( I , J j . L T . S J E T T Y o j  GO TO 1 4  
i t 1 1 1 3  ,J 1 I ;j = ,J 
0 1 1 1 4  J 2 i I  j=JMNX 
0 1 1 1 5  GO T i t  1 5  
i t 1 1 1 6  1 4  COl~lTIP~IUE 
0 11 1 7  2 CitNTItdLlE 
0 1 1 9 8  1 5  C:ONTINLIE 
Cl1119 C-k I F N O  S T R U c l  1 S PKESEP4T [ s,TETT".i=Ct .a  :I , E>0 REFRAC THRLlCtUP GR I D SY:S:SEM 
011215 IF iSJETT 'y ' (M j .$Q, i l . 0 )  J1iIj=1 
631121 1 COP.lTINUE 
131122 DO 1 6  I=IDUML,PDUMR 
611123 C-k "\,REFRAC:'\ STARTS 0p.1 THE NEXT 1 0  LAST J-CBNTitUR,NOT THE LAST.'. 
i t 1 1 2 4  DO 1 6  J=JI~ I j , J 2 i .  % i -1 
0 1 1 2 5  1 6  NPTS=NPTS+I 
0 1 1 2 6  C5r:bIILL 1.4014 Dit THE REFRAC:T FOP, THE REG1OP.J 1 AREA. 
i l 1 1 2 7  C:*I START KEPRESEI.)Ts5 THE D I  KEC:TI Obi THE SLdEEPE: W I L L  MEGIN FROM. 
i l 1 1 2 5  C-kl.41 L L  USE DUl"IMY IMAX, I JET,  I JET+ 1 I N  CALL 5TTS SO I BEGIN I I Ebli3 , At..lE) 
0 1  1 2 9  O*k:k I START WON',.,T CHC;I.IGE THEM .I.IU5T F:E!::ET CiFTEE EAC1-I ChLL F,EFRAC. 
it1 1, 3 0 I MAXT=I DUMR 
0 1 1 3 9  I J E T T = I  JET iI'-1:) 
1-1 1 1 'Zt '.3 - L.L I JETP1= I  JETi:M)+1 
[I 1 1 2; 3 I DUt"tLL= I DCIML 
111 1 1 3 4 IFI:A~IGGEI\I.GE.~I.D:! CALL I~.EFRAC~J~,J~,P~IF'T~:,IC~L~MLL,IMA::<T,IDUI.~LL,M! 
011.35 IF(AP.IGGEt.I.LT.O.0) CALL REFKACIJ1,J2, t~JPIS~II :~L~P1LLr41. IA:~<T,IP1Ci~~~T,Ft ;~ 
0 1 1 3 6  I M A > < I = I  DUMP. 
111 1 1 3 7 I J E T T = I J E T i M S  
0 1 1 3 I J E T P I - I  J E T I M j + 1  
01.139 I C:lUMLL=I DUML 
it1 1 4 i t  J G UPI~\I = J 1 i I JET i t-I ;) :) 

i t1143 JDl-lMS=J1 1 JET(M)+1 ) 

illl 4 2  :>:.>I !sTp.J=r I JET!M) -1 . 0 :ta:D:x:+[l::(,/;T;'. 
0 1 1 4 3  ELTIP=T.kQ . 5 * ( C (  I . JET<Mi  ,J[>IJI-',N)+Ci I JETiM' : \ - t l  ,JQUFIS'!) 
0 1 1 4 4  r::kNOb.J MUST [:HECK THE ANGLE 8': THE !~TF~UCTUF,E'.~....S, TI 7 TI~ I  SEE >./HERE $;HAD ,91:11..1E 
171145 C-h:IF P.10 STRtlCT PRESENT(!:;JETT'~'~P!%I=O '0) , FI-ITHER REFF:AC..,."L)IFF /II.INEC:ESS&R'i. 
0 1 1 4 6  I F (  SJETT'Y[M':i . E Q .  <I. ~I':I Git TI:! 1 3  
0 1 1 4 7  THETAU( M;I =it . 5-k(THETAi, I .JETiM) , Je!UllP-I)+THETAf, 9 JETi'M)+L , JDUME;) ) 

0 1 1 4 8  HINC=[t . 5:ii.r H( I JETiM:) ,J [ j~ iP f i . l '~~SHi  I JETiI..1,!+1 , JCi/lt.l::;) ) 
011.49 IFI:THETHO(M;I ) x i 1  ,11,12 
i t115 i t  t::-kTHI S SEC:TI ON HkbIDLES EEFF,c~c:,..,E~I F F  I F  THETA0 j I:I . 0. 
0 1  1 5 1  l i l  C:ONTI1..1/IE 
0 1 1 5 2  C::A:FY RST A L L  OF REG1 ON 2 l.11 L L  GET F.EFRkC:TED. 
i t 1 1 5 3  NpTS=O 
0 1 1  54  DO 1 0 0  I =I JET(M;bS1, I DUMR 
0 1 1 5 5  J 2 ( I ) = J 1 ( I j  



i 1 1 1 5 6  1 0 0  J1( I  )=I 
i l l l f S 7  DO 1 0 1  I = I  JET(M)+1 ,1  UUMR 
0 1 1 5 8  DO 1 0 1  J = J 1 ( I ) , J Z ( I ) - l  
0 1 1 9 9  1 0 1  NPTS=HPTSS1 
01.160 I MAXI= I DUMK 
0 1 1 6 1  I DUMLL= I DUML 
0 1.162 I J & T T = I J E T ( M )  
0 1 1 6 3  IJETPI==IJET(M)+I 
0 1 1 6 4  CALL REFRAC( J 2 ,  J 2  ,NPTS, I J E T P I  I M A X I  IMAkXT ,I"I) 
0 1 1 6 5  I MAXT- 1 DUMR 
i l l 1 6 6  I J E T T = I  JET(M)  
O l l E 7  I J E T P l = I J E T ( M ) S 1  
0 1 1 6 8  I DUMLL=I DUML 
8 1 1 6 9  17-kN61d MClST DO REGION 3 OF NEG THETA0 CASE-SHAD014 ZONE. 
0 1 1 9 0  DO 1C12 I = I D U M L ,  I J E T ( M )  
0 1 1 7 1  J Z i I j = J 1 ( I j  
0117% 1 0 2  J i i a j = a  
i l l 1 7 3  BO 1 0 3  I = I D U M L , I J & T ( M j  
C11174 J 1 R E F ( I j - 1  
0 1 1 7 5  00 1 0 4  J = J ~ ~ I ) , J ~ ( I ~ + I  
0 1 1 7 6  :;<CilOp,=( 1 - 1  . 0 ) k [ )X  
i l l 1 7 7  YCOOR=0 . 5 - k ( ~ (  I , J ) + Y ( I  r L 1 9 1 j j  
0 1 1 7 8  &NGb&=ATAN( (XU1 STN-:;<CCICIR;>,,/.i SCTETT"f(P1 j -'YCCIClRj 1 
i t 1 1 7 9  I F(YC:88R. G I .  SJETTY i M )  ) ANGL%=PI+ANGLE 
0 1 1 8 0  C:-kI F MOST SWOFi,EI.~lARC) PT OUT OF SHAD ZONE, SO ARE THE OTHERS FOR THAT I . 
0 11 8 1  I F ( A B S ( A N G L E j  .GT .ABS~TWETACI(I"I) j j GO T O  1 0 5  
i l 1 1 8 2  p,A[)=SQp:Ti, (><[)I: STI .~->(C:~( "JR) -~ :~~+(  ::; JETT'IiM! -I'C:OClF,)-k*2j 
0 11 3 3  FiHClb1D=KADkT1~IOPI . /ELT I P 
0 1 1 8 4  C:-kDJ FFRACTI ON TREATS THE POS THETA0 CASE. 
111 1 1 3 rJ THE=ABS[:TWETAO(M) ;I 

1111 1 8 6  ~IFF~F:H~I. . .~[ , ,THE,AI.~IGLE,Al lP ' !  
i11187 H i  I ,J':i=fiMF*HIP.JC 
CI 11 88 ANGRAD=-,., nl IIriLE 
0 1  1 8 9  C:-kl.JI LL_ p.Ji11-J REFRAC:? D l  FF  HAISES I I4 THE SHAD ZONE US1 bJG SI.%IELL'<..:S. 
0 1 1 9 0  C T I  P = E L T I  P/T 
131191 ALPHAS( I  , J . l = & T A N ( ( O a 5 k 1 Y ( I + 1  ,J:!P."!;i:I4-1 , J S 1 !  I - 0  -5 -k  
0 1 1 9 2  k ( '.f i 1 - 1 , J 1) 9 Y  ( I - 1 , J+ 1 '1 :1 .:I ,..,'I ( 2 . -k E) X: '11 :I 
111 1 1 9 3 I F (  I .El:!. 1 JET(P1) jALPHkS(  I !J;I=ATAN( r:l:l . 5 . k i ' i i  I ,.:I+'!;i I ,,-T+~.I '.I -CI 5-k1:.<( 1-1 
i 1 1 1 9 4  * ,j'l+..<i~-l,.j+1;1j)..,-[)::<j 

[I 11 95 [:tALPHA=&l.)GKAD-ALpHASi 1 ,%I) 
<I 1 1 :j 6 ARG=i,: C (  I ,J).,/'CTI P)-kSIP.Ji.DALPHA) 
0 13.97 I Fi.ARG . GT .1 . 1 AKG=1 . 
0 11 9 8  T H & T A ( I  , J ) = A S I N ( A R G I  
0 1 1 9 9  THETA( I ,J )=THETA(  I , cI)+ALPHAS< I !,J;I 
131200 C:-kMlJST CHEC:K TO SEE I F  l%IAVE LcIOUI-D HAVE E3FCOK.EI.I. 
0 1 2 0 1  I F ( H B ( I , J ) . L E . H I I  ,J:ffAI.dD,He3iI , .J+~; I  . 1 5 T ~ H i 1  ,LI+l.l':iIE:F.EAK..i. I 
111 1 2 i~ 2 XF'(HPi I ,J:1 . L T . H i  I ,J':I :I H( I ,J)=HtS't: I ,J:! 
<112i1:3 I t 1 4  Clal\ITIt.IIJE 
ii 1 2 111 4 GO TO 193 
0 1 2 i 1 5  1135 J 1 R E F [ I i = J  
0 1 2 0 6  l i t 3  COI.IT~~.%IUE 
i112!:17 CaN0l.l p1UST K!0 REFRAC:TION FOR FIEGICIN 4 .  
012C18 NPTz=O 
131289 90 10b3 I = I  DUML, I JET(M)  
0 1 2 1 0  DI:I 1 0 6  J = J 1 R E F i : I i  , J 2 i I I - 1  
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111 1 2 6 DO 111 ,I= JI r: I j , ,JZ( r j -1 
0 1 2 6 7  111 NPTS=NPTS+1 
0 1 2 6 8  I MAXT = I D ClMR 
0 1 2 6 9  I DUtILL= I DUML 
111 1 2 7 [I I J E T T = I J E T ( M )  
0 1 2 7 1  I JETP1=1  JET(M)+1  
[I 1 2 7 2  CALL REFRACC J1 , J2 ,t.lr)Pfi I I DblMLL , I JEST,  I C)biP+iLL ,I-l) 
01.773 L I I MAXT= I DUMR 
0 1 2 7 4  I J E I T = I  JEPiM;) 
Cl1275 % J E T P 1 = I J E T ( M ) + 1  
0 1 2 7 6  1 Dl!MLL=I DUML 
0 1 2 7 7  tl:*NOG-I l4IL.L DO REGION 3 OF THE F'CIS PHETAO CASE. 
0 1 2 7 8  DO 112 I = I J E T ~ ~ ; ~ : I + ~ ,  ~ ~ j h l i - 1 ~  
o 1 2 7 9  J 2 ( I  j = J 1 f I : : 1  
0128111 1 1 2  JI( I j=a  
0 1 2 8 1  DD 1 1 3  I= IJET(M;1+1 ,IDUMR 
0 1 2 8 2  J1REF( I ;1=1 
6 1 2 8 3  C:.kLdILL l3Cl ONE PT.  EE"iCll.1 J 2 ( I )  10 MAKE SLlRE OLlTOF [ ) I F F  ZOfdE. 
0 1 2 8 4  DO 1 1 4  J = J 1 ! I ) , J 2 ( I j + l  
[I 1 :;<COilR={ 1 - 1  . [I j k D X  
0 1 2 8 6  YCOOK-0 . 5 * ( ~ (  I , J ; ) + Y (  11 rCl+l j 11 
0 1 2 8 7  A1.I G L E =&TAN < : !.,<.LUiIK-XDI ' ., . -. - SSN).,' ( SJETSqY {M j -'ft:CICIP 'I ) I .. 
0 1 2 8 8  IFCYCOUR.GT.SJETTY(M)) ANGLE=PI+ANGLE 
0 1 2 8 9  C* I  F LEAST J-VALUE I S  OUT [:IF SHAD ZONE, SO AWE OTHER J',\,S. {FIIIR EACH I ) 
6 1 2 9 0  IFCANGLE.GT.ABS~THETACI ( I I~ ; I~  G O T 0  1 1 5  
U 1 2 9 1  RAD=SORT ( ( XCBOR-XDI STp.1) ~k-142-I- SCTETTqqf ( 1-1 ;I -'.i~I:ctC~p\ '1 .k-kz j 
i t  1 25f2 RHOND=RADkTWil$ I / E L P I P  
111 1 '> c, 2 L -. .-' THE=PHETAO(Pl j 
I:I 1 2 9 4 CALL O I  FF 1: F,Hill.,ID ,THE ,At..IGLE , C;MP I 
0 1 '7 q =, - -. .- Al.]GRC;D=At\jrjL E 
0 1 2 3 6  C:-kl.J I L NIil[-J REF R,&C.T fi I FFF:&C:TED I.-jAQES 11.1 E;HAD :!:lp..JE I-I!? 1 p.16 :sp.iELL.;,S . 
[I 1 2 9 7  C:T I P=ELP I P,,'T 
[I 1 2 9 8  ALPHAS( I , ,T.. - ,=ATAN( i , i I m 5 - k ( Y {  I C I  ,tJ:j+,Y;( I+1 , L T + l j  ':I-[I .5"4 
111 1 2 3 3 "4 ( ' ~ i i : I - 1 , L T : ~ + ~ i ( I - ~ , L T + 1 j ' : ~ : ) . ~ ~ ' ( 2 . - k ~ ) ~ ~ : ; ~ )  
1:1 1 :3 0 I F ( 1 . EQ . I JET (Pl j +1 )ALPHA!? (' I , ;I =&?++I.] i i, CI . 5-k r 'I; I 1 +-I , ,J :I +'( ( I + 1 , J+1 .:I ) -111 . 5* 
0 1 3 0 1  : i..i(I,J)+Y(I,J+l)j)/'DXi 
0 1 3 0 2  DALPHA=ANGRAD-ALPHAE;( I & T j  
0 1 .zt,-J" 

..+ J A R G = (: C I , J 1 / CT I P ) k !:; I l...j ( CjA L P HA j 
[I 1 3 i t  4 IF (ARG.GT.1 . )  ARG=1. 
I:I 1 :3 i t  5 THETA( I , J ) = A S I N ( A R G j  
0 1 3 0  6 THETA(: I , J )=THETA(  I ,qJl~+ALPHA!i ; i  I 'ILI') 
CI 1 3 i f  3 H( I ,J'!=HINC*AMP 
i t l 30E :  C:-kMUST C:HECK Ti1 SEE I F  l.I&VE WOULD HAYE ERilKEI...]. 
<I 1 :? 0 4 I F ( H B i  I , J )  . L E . H ( I  , J )  I,At\lK).HB(I , J + 1 1  .GT,Hl : I  , cJ+L '~> IBR.EAF\ i I . ~=LT  
i t  1 :>I  [I I F i H B t  I , J I  . LT .H(  I ,J)) H i  I , J I = H B (  I , J j  
I 1 : 1 1 1 4 C I:IIxIT 1 p.I IJ E 
0 1 3 1 2  G I:I T 111 1 1 3 
0 1 3 1 3  1 1 5  , J l R E F ( I j = J  
0 1 3 1 4  1 1 3  CONTINUE 
i l l 3 1  5 C::kt%IOW I.1UST DO REFRAC: FOR REG1 O N  4 .  
01:314 NPTS=il 
0 1 3 1 7  DO 1 1 6  1= IJETCM)+1 ,  IDUMR 
0 1 3 1 8  1 1 4  J=.J1R&F( I f , J 2 ( 1 ) - 1  
01 3 1 9  1 1 6  NPTS=NPTS+1 

1 3 2 0  I MAXT= I DUMR 



~ 1 1 3 2 1  I DUMLL=I DUML 
0 1 3 2 2  I J E T T = I  J E T ( M j  
0 1 3 2 3  I J E T P l = I J E T i M j + 1  
0 1 3 2 4  CALL REFRAC(JIF?EF, J Z  ,NPTS, I J E T F 1 ,  %PlA>I;T, IMAXT ,Mj  
0 1 3 2 5  I MkXTZ I DUMR 
0 1 3 2 6  I J E T T = I  J E T i M )  
i~ 1 3 2 7  I J E T P 1 = I J E T i M j f l  
if 13213 I DUMLL= I DUML. 
0 1 3 2 9  13 C:ONTINUE 
0 1 3 3 0  2 0 0  CONY %NU& 

1 3 3 1  RETLIRN 
0 1 3 3 2  EN 6) 
121333 SUBROLITINE LOC< I M ,  JJ ,JOIM,JSIM,"[ 'BAR, I DLIM) 
0 1 3 3 4  PAKAMETEF,<t\rl=33,1.15=11 j 
i 1 1 3 3 5  ~~k:k~k~k-k~k-k-k~k~k~k-k-k-kkki:~kkk~k~kkkkkkkk~k-k~kk~k~k-k~k-k~Cck/ckkk-Ic~k-k:-k:kk-kk~k-Ick-k-k~k-k-k-k3ck~k-k.k-k~k~k-k~k-k:k-k~k-li--k-k 
0 1  5 3 6  C:OMP!ON/A/ C:<NI ,NJ) , R K ( N I  ,NJ:! , Y ( N I  , N J )  ,BEEP(N I  ,NJI ,ALPHAS(P%lI , N J j  
i t  1 3 3 7  COMMUNiAA/YZERO(NI j ,HC)EPTU 
0 1 3 3 8  COMMON,,'B/ THETA ( N I , I.4J 1) , OXTCIT i FJ I 11 , OL DANG ( I . 4  I , NJ j , D'i l: bl 1 , NJ ) 
0 1 3 3 9  C:OMMCiN/C/ H ( N I  ,N9j ,C:GitiiI , N J )  ,HOLE)(I..1% , N J j  ,HB(NP ,I,lJ'l , ' .YE !~P~ I  ! 
0 134Cl C:OMMCrbl,''E\J US&D,,'.SUSE ,T , i :O,  CGEI.! , C:GGEt\l ,ANGGEbJ, O X ,  BERM ,THETACt< 1 O I ,MMAX 
0 1 3 4 1  C:OMMONID.,/'SIGMA,G,ELUIJP1A.>~:, IP lAX,PI  ,T14ClPI , P I  O2?HGEN, I J E T i 1 0  j 
i~ 1 3 4 2  1 ,SJEPTY(10  j 
0 1 3 4 3  C:-kSLlBRitLiTINE LOC: F I N D S  J-VALLIES l.IHI&:H ARE GREATER UNC) LESS THAN 'iBAR. 
0 1 3 4 4  JU IM=2  
131345 2 A&-0 . 5 * ( Y (  IM,JCIIM~+'Y'~ IF I r~1C I IM-1 j  j 
0 1  3 4 5  IF (AA .GT .YBAR)  GO P U  4 
0 1 3 4 7  JOIM=JOIM-f-1 
0 1 3 4 8  C:-kTHE FClLLOGlING I S REQ'\,D SO THAT E)'.f;'DX ; 0 . 5 
OI:M~ C.~WILL DTERI.IINE K sar.~ THETA ON IP:-LII\IE AT A ?. IE;P 'YE"*P -ki b a 

0 1 3 5 0  C:&~.IIL_L C:ALL THIS POINT JLlSE+1 . 
0 1 3 5 1  PFI;J~IIM.L_E.JLISE) G O T 0  2 
0 1 3 5 %  J O  I tl=JUSE+1 
[I 1 3 5 3  'Y(  1r.1, ~orr .1)  ='\,;~,AF: 
i l l 3 5 4  C-k DEPTH AT T H I S  POINT LdILL BE COPIP USSLIMING C:ilI\JST BEACH SLUPE Of4 1-11-1 
0 1 3 3 5  DEL=.%<'Y( I t l , JO IM- l )+ 'Y (  IPI,JOIP1-2]) - .  5*( ' i i ,  IPl,JU:1P1--2>Si'!: IP1,JOIPl-3'1 j 
[I 1 3 5 5  BSLOPE=( DEEP( I M ,  JO IM-2 )  -DEEP( I M ,  J O I  1.1-3) ).,!'6,EL 
0 1 3 5 7  DEEP< I I . I , JBIM-1  )=DEEP< IM,JOIM-Z)+BSLUPE-k('-, '( ' IP l ,~ rC l IP l j - '~ r ' (  I M , J U I P l - I )  ':I 
0 1 3 5 8  I F I D E E P i  I M ,  J61M-13 . GT TL.IP'EPTHj DEEP! I M ,  J O I M - 1  )=WDEPTn  
0 1 :359 DEPTH=DEEPiIM,J i t IM=-1i  
i t  1 3 6 ~ 1  CALL l.Ii,+'I.IUM( DEPTH ,T BUMK) 
i 1  1 :3 6 1 F,K( 114, J O I M - 1  j=DLIFtK 
0 11362 c:( %pi ,  J~ : I IM-~ )  =C:pkTAI.IH( R K (  Ir-1, ,JOIPl- l  :I:A:DEEP~ II.1, JUI1-4-1 ) :I 
111 1 3 1; 3 Ep~l=[t. 5:k( 1 . a+< (:2.0-kF'K(: Ill, JCfIPl-1):kDEEPi I M .  JOIPI-1 i i...;'!~;II.~JHi 
0 1 3 6 4  -k 2 . -kRk(  lM,JOIM-1)-kDEEP(: P M , C i l ~ ~ I M - l ' : ~  j j ;I 

15 1 '365 CGC I I I , , J I~ I IP I -~  ;I =I::( IPl !LIC1lP1-l ,i-kEP.l 
i l l 3 6 6  i:-kWILL LISE SNEL_L'%.,S LAW TO DETEF!.MII\lE THE ~.%IAC'E A I ~ G L E  HERE 
1 3 6 7  C-kANGLE: CtF C:O~<.JT~IUR l.1 I L L BE ASSLIME TO BE THE SAME A 5  THE cTPlA.:~;-C-1 11:lIit.lT IIIl-iR 

i11 3 6 8  I[ DUf-laE1'Ja1 jALPf+=AT&N('('(i, I M ,  J I ~ I M - ~ ' : I  -'.ti 11~1-1 ,JlClIP!-1') ).,,,'D:<) 
0 1 3 6 9  I F (  I[)I&~.Eo. -1jALPH=ATAf. l t  i'.,(( I p $ + l  , J O I M - ~ ; I  - ' i t  I P ~ , . J O I P ~ - ~ ; I  '1.,,.3.;<', 
0 1 3 7 8  DALPHA=ANGGEN-ALPH 
0 1 3 7 1  ARG=(: C:( II-1, JOIM-1 ).,.,'CGENj-k:SIP.J( [>ALPHA:! 
0 1 3 7 2  I F i A R G . G T . 1 . )  ARG=1. 
[I 1 3 7 3  THETA< IM,JUIM-1 j =AS IN(ARG)  
0 1 3 7 4  THETA~IM,JOIM-lj~THEPA<IM'I~TC~IM-l>~kLPH 
01375 4 JSIM=JMAX-1 



KI 1 ::: 7 6 6 A&=O .5-k ( " f (  IM,JSIM',+( ' i (  I I- I ,JC.IMi-1 :J :I ;I 
111 1 3 7 7 IF(AA.LT.'c;RARj GU TO 8 
[I 1 3 7 8  J!:;IM=JSIM-1 
i f 1 3 7 5  CklF JSIM=D,THERE I S  MCI ADJ PT ,  SCIB REFRAC CAN HAE4DLE I T .  
[I 1353i1 IF(JSIM.EC!.O) GO TO 8 
0 1 3 8 1  GO 1 0  E 
01:382 8 RETURN 
i l 1 3 8 3  END 
j-J 1 "' C' 4 4 u SUBrtClLlT I NE 1.IVNCIMi DEPT H , T , R K )  
ir 1 3 8 5  ~:-k~r:~k-.k:k-kk-k:k-k~k~k-kk-kk-k-k~kk-k~k:k-k~kk-kk~-k-k-k-A:-kk-l~k-k~k-kk-k-kkk~k~kk%-k-kk-kkkk-k~k-k~-k~k~-k~k~-k:I::A:~k~k-k 
0 1 3 8 6  G=.qrJ *&..I7 
0 1 3 8 7  EP!S=O . O i 1 1  
111 1 3 E: 8 TL.IOpI =6 .2131 :35307  
0 1 :389 !; 1 GpIA zTL.4 O P I ./T 
0 1 3 9 0  Rl(=iL.IOPI.,,'(T-kSOfcT( !rid[!EPTHI ) 

I:I 1 3 9 1 [~I:I 11.30 I T = 1  ,%0 
131392 &3f?Ei=RK7kDEPTH 
1 .-.,a z, 3 -. .-I E K = (  G . ~ R K ~ T A N H ( A K G )  1 -( ,  SI I~I.IA~~(.A:~] 

0 1 3 9 4  EKPF:=G2': (AR.Fj*[: i SEC:H<:&F:G) :~+ :~~ ' : I+TA~ .L~H<ARG)  ) 
0 1 3 9 5  RKi'4El%I=RK -EK/'EKPR 
[I 1 3 3 6: I F ( A B S i  RKNEG4-RK) . L E  .ABS< EPS*RKNELdj ) GO 1 0  1261 
1 '3 or, 7 4 _ KK=RKP.IEW 

0 1 3 9 8  1 0 0  CONTINUE 
0 1 3 3 9  W k I T E ( 2 , 1 0 0 0  j IP,DEPTH,RP; 
O ~ ~ I : I O  1 i t i 1 [ 1  F~RpiAT(. .~~' . ,~ ' . ,~ql i~X," ITERATI~:~Id FOR K F A I L E D  TO CONVERGE AFTER" 
0 1  4 i l l  -k: ,3X, I :3 ,~ ITE:RATIONn, ,~ ,uC~UTPUTOUOi~~:~C~EPTH,  R IC" ,3X32F13 .5 ' t  
O 1 4 0  2 CALL E X I T  
014i13 1 2 8  RK=RKl..JEG1 
i l l  4 i 1 4  I F ( R K . G T . O . ~ I )  GO 1 0  1 4 i 1  
O14 i l 5  G J R I T E ( ~ , ~ I : I ~ ~ ' : I  DEPTH,RK 
0 1 4 0 6  1021:1 FI;IKM&T~,.,*'..:'/', 10':i, " RK I S  NEG" ,..", " i1L1TPt.j~ C)EPTI-(, F,K" , :3X, 2F1:3. 5 )  
0 1 4 0 7  CALL E X I T  
014053 1 4 0  REfUF.P.4 
0 1 4 0 5  END 
0 1 4 1 i l  SCI&KCII-IT I p.jE !:;MOOTH (THETA , I I.lAX , Jt.IA;< , I JET , S J E T T i  ? PiPlA::~', , 'i'I 
0 1 4 1 1  PARAI.lETEF:i.1\11=53 ,t.,lJ=11) 
111 1 4 1 2 c:.k-k.k-k$::k:kk-k:k:k*-kk-k-kk-kk.kkk7k:k-k-kk-k-k:A::kkk.k-k:k:k-k-k.k-k-k-k.k:A--A:.k-k.A-:A:-k k-k-k.A:-k.k:k-k:k:A:.A:.A:-A:Aakk:&:.A::A::A- 

E l 4 1 3  l::-kTHI 5 L . J ]  i L  '5tq00TH THE l.IAIJE ANGLE F I E L D  TO C i C C T  FOR 31 CF(r iRT1 F: C If+LLY 11 

I:lf 4 1 4  [.ilPlEI..IE;IOi'~J TEMPib l I  ,t.<lJ':~ ,"./'I.'~.%JI ,I.JSJ':I ,THETAil.;II ,i..JJ:t . I J E T ( 1 0 : l  ,E;JETT'ii 1 0  .i 
i11 4 1  5 ~.:k !'MMA;x:-+-~ ' j I !:, REO'.,D BEI:AIJSE M-GF~I:III..~S HAVE PIC1 REAC.HES OF ':;Hl:tRELI t.JE . 
0 1 4 1 6  5; JETT'f ( Iv]MAX-+-1 ) =Cl . 
i l l 4 1 7  D I:! 1 i l  PI = 1 , PIPIAT: t 1 
111 1 4 1 8 IF<lq. I .JE.1!  GI:ITI:I :3 
0 1 4 1 9  I LEFT=2  
i l  1 4 2 [I I F I G H T = I J E T i 1 )  
(11 1 4 2 1 GO TCr '5 
il 1 4 '7' ' 

L. 6 2: I F < I.1 . p.4 E . PlPlA:r:+ 1 j G 111 T 111 4 
0 1 4 2 ::: I LEFT= I  JET(PlMA><>+1 
0 1 4 2 4  I R I  GHT=IMAX-1 
.1 4 c 

L 4 G 111 1 111 5 
131 4 2 6  4 I L E F T = I J E T ( l l - 1 ) + 1  
111 1 4 2 7 I R I  GHT=I JET(M)  
13 1 4 2 8  5 CONTINUE 
0 1 4 2 9  DO 1 J=1 ! JMAX-1 
[I 1 4 3 0  DCI 1 I = I L E F T , I R I G H P  



01 4 3 1  IF( I .I\IE. ILEFT.AND.]I .NE. IRIGHT) GO TO 1 5  
0 1 4 3 2  C:*TO GET WERE, MUST BE ON 80blN OR ADJ TO A STRUCTURE. 
131433 %F(I.EQ.2.0R.I0EQ.IMAX-1) GO TO 1 5  
0 1 4 3 4  C-kTO GET WEAE,AUJ TO A STRUCT AN&) C:AN BE I L E F T  OR I K I B H T .  
[I 1 4 3 5  I F ( Y ( I  , J j  . G E . S J E P T Y O )  GO TO 1 5  
i l l 4 3 6  C * I F  WERE, W I T H I N  JETTY AND A B J  TO EITHER S I D E ,  
0 1 4 3 7  I F C I  . & Q . l k E F T ) T E M P ( I  , J ) = C I ~ ~ - ~ ~ T H E T A ( I :  , I . l )+THET&(I+l,LTj j 
0 1  4 3 8  I F ( I  . E Q .  IR IGHT)TEMP< I 9 h T j = C ~  . 5 * (THETA( I  , bT j+THETA( I - l  ? J j )  
0 1 4 3 3  GO PO 1 
0 1 4 4 0  1 5  PEMP~I,Jj=0.25*THETA~~-1,L~i+C~I5C~*~HETA<I9LT>+0a25~THETA(I+1,L1j 
0 1 4 4 1  1 CONTINUE 
0 1 4 4 2  10 CONTINUE 
011 4 4 3  DO 2 J=1, JMAX-1 
01 4 4 4  DO 2 I =' & I  IM,.<L'- H,% I 
i t 1 4 4 5  2 THETA1:I ,J j=PEMPI! , ,J)  
i l 1 4 4 6  RETURN 
0 1 4 4 7  END 
0 1 4 4 8  FUNCTION SECH(AI 
[I1 4 4 9  C~kk-k~k**-k*:k*k*-k~k-k**:kk-br**~k**-k-kh-k-k-k**:k-Ic*-k****-k-k-k-k*-k*-k-k*-kk-k~**:k-k~k-k-k**-~~k-kk*~k~k 
i i l 4 5 i l  SECH=1. U/CQSH(Aj  
0 1 4 5 %  RETUP,N 
0 1 4 5 2  C*k-kkMERE I S  l4WERE THE IPlSL ROUTIt\JE5 PIUST GO 
131453 END 
0 1 4 5 4  SUBROLITINE BRKHZOi:IMAX,JMAX,MMAX,Y,TW&PA,H,C: 
8 1 4 5 5  1, IJET3SJETTY,T,DX,E~EEPBWE,CG) 
01.156 PARAMETER(N1-53, N J - 1 1  j 
i t  as457 C.OMI*ION,,'NL.IS,,'I L F T ~ S ) ,  I ' T ( S ~  , Y L F T ( ~ )  , Y R P ~ S ; ~  ,NOBKS 
[I 1 4 5 8  1 ,DEEPR(S) ,DEEPL(S! , H F . I [ 5 >  ,Hb.FTt:S;i 
i l l 4 5 9  DII*IENSI 01.4 THETALi  5 )  ,THETLL l  5:1 ,THETAR< F ' ,IHETRF,( 5 )  
0 1 4 6 0  ... . .\ .: :. .. ,.,< .,.. .<Li  .*,I  , x > i F . ( 5 j  , C L F T ( 5 )  ,C:RT(S) ,HTEplPF:(E,, 
0 1  4 6 1  1 , HTEPIF'L I.: 5 'j , HT::.::L ( 5::l , HT';,'L! 5 ':I , HTXK ( 5  1 , HT'y 2 I: " I  kt . 
01 4 5 2  1 , "< L L F T < 5 :I . 'Y R KT i: 5 ) , C1.X L i 5 ;I , Ci:,u: R ( 5 j , E: KA1.l G; : .:I 
0 1  4 6 3  1 ,CGKT i5 )  , i : G L F T ( Z >  
i t 1 4 6 4  DIrrlENSION ' i ( 'NI  ,b<JJ) ,THEPA(NI  , N J j  , H ( N I  , N J )  ,I::~:NI[ ,NLT:! 

1 4 6 5  1 , I J E T ( 1 0 )  ,SJETT', ' I IOj ,DEEPi:I\1I , N J I  ,HBiN!  ,N6J':1 ,C:G(I.%JI ,I.;iJ':l 
0 1 4 6 6  PI=:s.I~I~~ 
0 1 4 6 7  TGIOPI =Z . -kPI  
0 1  4 6 8  ejo 5 i1 i1  p.J=l ,t.IOHKS 
0 1 4 6 9  X : : ( ~ I S T = [ > : Y ~ ~ ( I R T ~ I . I S - I L F T ( I . ~ J )  j 

i t  1 4 7 0 8EAPIG p.1 '11 =ATAP.J (' ','RT (I.1) -'iLFT ( N) :I ...'XX[) I[ ST ) 
0 1 4 7 1  DX L 1.1 ) = CI . a 
i l l 4 7 2  [i>c F ( 1.d ':I = I:I . i t  

111 1 4 7 3 [) Ci :Z[I i t  J = 1 , JMAX 
0 1 3 7 4  J J = JPlA::! - ,J+ 2 
[ I1475 I F ( Y L F T i N ' : l  .LT."y ' i  ILFT( t \ l )  ,JJ:! .Ar\lD.'iLFT<t.l':l .GE.'v't I L F T i b J !  
i l l 4 7 6  1 ,JJ-1)) I ~ [ I  Ti1 ::;SKI 
i l l 4 7 7  G 13 T 111 :3 Cl 0 
0 1 4 7 5  350  FA~I:T=(,~{ (. ILFTi t . .J  j ,JJ!- ' . iLF'T(N) ::l...,.(Yi I L F T i N j  ,s.lJ!-Y( I LFTi1.1) , 
0 1 4 7 9  ~ J J - 1 )  ) 
i l l 4 8 0  DEEPLCN;) =DEEP( I L F T i N I  ,CT\.T') -(:C)EEP< I LFT(F1:l , J.J;I -DEEP 
i t  1 4 8 1  l( I L F T ~ N )  ,JJ-1)  FACT 
[I 1 4 8 2  THETALCN) =THETA( I LFT(I.1;) - i T H E T A i  I LFT<P..Ij , LILT'~-THETA 
0 1 4 8 3  1 ( l L F T ( N )  ,JJ-1) ;)*FACT 
CI 1 4 8 4  HLFT(N]=Hi:  I L F T i N j  , J J : > - i . H i  ILFT(NZ1 ,CTC~:i-Hi 1LFTibi';t ,LT3J-l :) .:I 

0 1 4 8 5  1*FACT 



0 1  4 8 6  i : L F T i : N ) = C i  I LFTCN)  ,JCT;)-(C:{ IbFT(k.1) 3C111)-CC ILFTib1;i , L T L T - l ' ~  j 

U 1 4 8 7  1kFACT 
15 1 4 8 8  CGLFT(t.1j=CG( I L F T ( N )  JLl) - (CG( ILFT(P~ ; I  3CTTJ'>-CG( ILFTiP%l:> , L ~ L T - I )  j 

i 1  1 4 8 9  l-kFACT 
0 1 4 9 0  300  CONTINUE 
Cl 1 4 9 1  DO 4 0 0  J=1 , JPlAX 
0 1 4 9 2  JJ=JMAX-J4-2 
9 1 4 9 3  I F('/RT(p%l j . LT  .'(( I P,T(t.l) , JJ) .AND .',f'PRTit.l j . GE .'..I( I RT(P1) , JJ- l  1 
0 1 4 9 4  1) GO TO 4 5 0  
0 1 4 9 5  GO TO 4U0 
0 1 4 9 6  45 i l  FACT=(Y(  I R T ( N )  ,JJ) - ' fRT(M)  ) / ( Y (  I R T ( N )  , J J ) - Y (  I R I i N )  , J J - 1 ) )  
0 1 4 9 7  DEEPR(N)=UEEPt I R T i N j  ,L.J:)-(E)EEP( IPPTiPJ:~ ,LTCl:)-KIEEPC IRTik..l) 

14138 1, JJ-1) >&FACT 
i l l 4 9 9  THETAR(Nj=THETAr I R T i b I j  9bJb1)-(THETA( IP,T(bI::t ,LTsJ:l-THETAi: IP<Ti:P.l) 
[I 1 5 [I I:l 1 , JJ-1 ) I :kFAC:T 
0 1 5 0 1  HRTIN)=H( ,  I R T ( N )  , JJ ! - (H i  IKT(PI.I) ,CTLT:~-H( IRTCbl) ,LTLT-'l , '. J J " -  kFACT 
0 1 5 0 2  CRT(:1.]j=C:( I RT(:N:I ,JJ) -CC:1: I RT(1.4:) ,JJ:> -C:(  I RTCN':l ,JJ-1 :> j-kFACT 
El1503 CGRT<N)=CG< I R T ( N j  ,JL1:)-(~I:G( I f i T i N j  9CTLT)-CGi: IKT(P4:.i ,LT-J-l j :f%fAC:T 
8 1 5 0 4  4OO Clar.ITIP.IUE 
CII 5 0 5  YLLFT(N! =VLFT(N) 
131506 ' . iKRT(Nj =.'iRT(N) 
i 1 1 5 0  7 THETLLih!)=TrlEPAL(1.\13 
U15 i18  THEIRR(N)=THETAf?(N) 
0 1 5 0 9  C W R I T E ( 2 , 5 0 1 )  N,BKANG(N) ,D&EPL(N)  ,THETAL(P.):) 'IHLFT(l\l:l ,I:LFTI!P,~:J 
0 1 9 1 0  c: 1 ,CGLFT(I..)) ,I)EEPR(Nj ,THETAK(:N) ,HRTI:N) ,CRT(t\l"l , C:CiRTi:N) , r ' LLF? ih i )  
0 1 5 1 1  C 1 ,YRRT(Nj  ,THETLLi :N) ,THETRR(k~.Ij 
i l l 5 1 2  5 0 1  FORMAT((15,7F10.4) ,z / (8F1i l .4 ) ; i  
1:11513 50 0 CObII I I\IUE 
0 1 5 1 4  I D I CI;T=DX 
111 1 5 1 5 [)IJ 10Cii1 ,J=1 ,JplAX+1 
i t 1 5 1 6  ,J,J=,Jpifi:;<:--j+2 
0 1 5 1 7  [)O 111:10 I..I=1 ,1...lilBKS 

'1 " 1 q 
2 .-I .- :;(xL(N)=,;', LLFTi :N)-" , (  I LFT(p.lj , ~ J : I  ) - ~ T A ~ . ; I ~ , T ~ E T L L ~ ~ . - ~ : I  )-kc!%-ki 

i t 1 5 1 9  1 I LFTi1.1.i -1 ,~f[:lXL(l...l) 
~1 1 5 2 0  :XXK(p.j) =(\.(iRKT[:N) -Y(  I RT(t-.);l , JJ.) J-~TAP~~( 'THET%F: , ( I .~  1 )-kDX:k! I RT(.brl! -1 j 

0 1 5 2 1  I f n:r: p: ( 1.1 j 
0 1 5 2 2  1 1 0 0  CONTINUE 
01.523 30  213013 I=2, IMA:X 
0 1  5 2 4  c OPIA~,] G =AT AN ( I; '%(' ( I $ 1 , J J :) - '.i < 1 - 1 , J J ) ;I ...,'. ( 2 . *[:I;< ':I I 

111 1 5 2 5 .;<:(DlJpt= I 1 - 1  ,i%[)X 
i l l 5 2 6  H:;<.: = tj i i , .J .J 11 * !5 I N ( T H ETA i I , CT 'I j 
0 1 5 2 7  , u' , I  ...; -H i  - I , ,J,J)kCOS(THETA( I , JJ) ::I 

r l  CL c, 0 1 ‘-' " I:II.IT=~ . I:) 
i t  1 5 2 9  L:I 0 1 8 [I l:i I-.)= 1 , N 0 B K CI; 

0 1 5 3 0  HT EM P F: i k.1 ':I = i l  . 
0 1 5 3 1  HT EI-1 F' L ( i.-1 i = C: . 
[I 1 5 3 2  HT::.<- L ( I..) :I = o . 
CI 1 5 3 3  HI"'( L ( p,l :j =<I . 
[I 1 5 3 4  HTX i, p.1 = 111 . 
[I 1 5 3 5  HT"(R ( 1.1 ) =[I . 
0 1 5 3 6  C 
CI 1 5 3 7  I F ( Y (  I , JJ j  .GT.'iRT(N)) GO TO 1 6 0 0  
0 1 5 3 5  IF(~?I [ )UM.GT.X: ;< ;R(I .~I ) )  GO TO 1 6 0 0  
0 1 5 3 9  DEL','=>,,'F:T(N) -"(( I , JJ) 
u 1 5 4 0  DELX= ( I RT I N ;I - I j : ~ D X S  , i t  CI CI CI 61 CI 1 



ANG=ATAN ( DELY,,'DELX j 
IF!ANG.LE.bl(ANGIt.I;I j GO TO 1QOo 
J!:;HAD=il 
DO 1 4 0 0  JTY=1 ,MMA:X 
I F ( Y (  I, JJ) .GP.SJETT' i (JTT~ ' )  1 GU TO 1 4 i l 0  
I F I I  .GE. I J E P ( J T Y )  .AblDe I JEP(CTT'i) I F i T ( N  ) GO Ti1 1 4 6 0  
I F ( I  . L E . I J E T I J T Y )  .ANDDl i JEP(JT ' I j  . G E . 1 P P T ( ~ 4  GU TO 140~3 
ANGJETZATANC (YRT( t . l ) -SJETlY(JTY)  ).,'i:( % F , T i N ) - I J E T I J T Y )  )*.CjX) ) 
IF(ABS(ANGJET).LP.ABS(ANGj) JSHAD-1 

1 4 0  0 CONTINUE 
I F I J S H A D . E P . 1 )  GO TO 1 6 0 0  
DUMANG=SCJRT( DEEP( I , JJ l / D E E P K < N l  )-kSIPIC PI,"Z. -AtdG) 
IFIDklMANG.GT.1 . O j  DUMANG=1.0 
ANGG=PI/2. -AS IN(  DUMAt.lG)+CCtNANG 
IF (ANG.LT .0 .O)  ANGG=-ANGG 
I F I ANG . L T  . O . O :I ANG=ANG+P I 
1FIANGG.LT.Q.O) ANGG=ANGG+PI 
ANG=ANG-BKANGiN) 
RHOND=iTWgrPI,i('T*C:KT(N) ) :I-kSQRT( DEL;<-kD&L;c;+DEkkk.i-kDELbb<:) 
THE=THETAK(N':l+P1/2. -BKANG(N) 
CALL D%FF(RHilND,THE,ANG,AMPj 
WTEMPFiCbl) =HRT(Nj-kAMP 
HTXR (N) =-HTEMPR(N)-~C:CI$;(A~.~.~GG j 

HIYR(N)=HTEMPk(N)kSIPt.4(At.JGG:) 
OUT=OUT+1 . 0  

1600 CONTINUE 
C 

I F ( ' i ( 1  ,JJ;l .GT.YLFT(P~;I:I GO TO 1 8 0 0  
IF!:XDLIM,LT.;<XL(:N!) GO TIS 1si1e1 
DELY='iLFT(r.]:) -".((: 9 ,JJ) 
DELX=( I - I  LFTIN: )  ;l-.A:DX+, C I C I ~ ~ ~ I C I C I ~  
&NG=&T&P.I ( DEL'y'/DELX 11 

1FtANG.LE.BKANGiP.W CiO PB 1E:00 
,J!sHAfi=i~ 
DO 17130 JTY=1,MMA:g 
I F [ ' i ( I  ? J J )  .GT.SJETT"f(JT' / j )  130 TI:! 17lzlil 
IF I I .LE. IJET(JT" i ) .AI .~ lC~. ICTET(tJT '~I ; j  ~ 1 3 E E I L F T 1 P ~ I ' , ~ :  GO TI:! 1 7 0 i l  
IF~I.GE.IJEP(JTY!.Ab1K).IC?ET(CTT'T~i'~.LEEILFT~P~1':~:~ trjO TI:! 171:10 
ANGtlET=ATAN( ( '(LFT(t.J, -SJETT'('( JTY) ),.."( I:: 9 JET( JT'," I - i  L F I ( N  1: ):A:D'.:i, '1 
I F AE' ' " f-iNGJET) . LP .ABSiAI.)Gj :I JSHAUz1 

171:1i1 C:I:INTINUE 
I F ( J S H A D . E p , l )  GO TO 1313i1 
DUMANG=SPKT( DEEP( I , J,J)./DEEPL(bJ) i*SII..J(: P I .  . . ' 2 .  -&~...JI:; 
I F(C)UMANG.GT .1 . U )  DLltvlANG=l . CI 
&I.,IGG=P I: ;'2 . -AS1 P,]( DlJMAt.lG) -COt.lAf\]G 
I F(ANG. L T .  0,111 ) ANGG=-ANGG 
I FCANG. L T .  111. I~ I  ') ANG=At.JG+PI 
I F(AI\IGG. L T .  0 . 0  ) ANGG=AI.JGGSPI 
ANG=ANGSBKANG (N) 
RHUND=(TCIOP I /i TkCLFT (t.1.I) ) )-kSQRT ( K>ELY"kDEL'r +DELX-kDEL:'<.] 
THE=PI/"2.-THETAL(N)+BKANG(N) 
CALL DIFF(RHOND,THE,ANGqAMP) 
HTEMPLiNj=HLFT!M)*AMP 
HTXL I N )  =HTEMPL(N)~CCIS(AI'.IGG) 
HT'it(1~4) =I4TEMPL(N>:kSINCAPdGGj 



0 1  5 9 6  OUT=OblT+I. 
5 1 5 9 7  1 8 0 0  CONTINUE 
0 1 5 9 8  SUADBW=1. 0 
0 1 5 9 9  IF (OUT.LT . .S !  GO PO ZOO0 
0 1615 0 DO 1 8 0 1  N = 1  ,NOBKS 
0 1 6 0 %  DD=YLFT(Nj+(XDUM-BX*(ILFT(Nj-1j)*TAI..ICBK,ANG(N)) 
0 1 6 0 2  %F(XDblM.GI.XXL(:N) .AND.XDUM.LP.XXR(NI .AND.'Y( 1 , Y J j  .LT.DD) SUADC)bI=O - 0  
0 1 4 0  3 UX=HX*SHADBW 
0 1 6 0 4  HY =HYkSHADOW 
0 1 6 0 5  e: 
O16OG c 
0 1 6 0 7  
0 1 6 0 8  1 8 0 1  CONTINUE 
0 1 6 0 9  HXT-0 . 0 6 0 0 0 0 1  
0 1 6 1  0 f-i'YV=U .0OU0001 
O l 6 1 1  DO 1 9 0 0  N = 1  ,NOBKS 
0 1 6 1 2  HXT=UXT+HTXL (N 1 *UBS ( UTXL (P.1:) j +HT><R ( N 1 *ABS ( UTXR (PI ) j 
0 1 6 1 3  UYT-HYT9HTYL i N ) * A B S I  HT'Y'L ( N  j ) -1-WTq-YRiNj*ABS( HT'Y'R i N I  j 
0 1 6 1 4  1 3 0 0  T:ONTINUE 
0 1 5 1 5  XXX-ABS! HX) *HX+HXT 
8 1 6 1 6  YYY=ABSi HY ;I *HY+HYT 
0 1 6 1 7  H i  I ,JJ j=SQRT(ABS(XXXj+ABS(Y ' I 'Y) )  
0 1 6 1 8  % F I H ( I  ,JJ) .GT .HB( I  ,JJ)) H ( %  , J J j = H & ( I  ,JJ) 
0161.9 THETA(: I , JJ) =ATAN( IXX><i,/'SQRPIABS(XXX) j l / i ' I " I ' f , f ' SQRT(ABSI ' I ' ~ i ' ~ i : ~  '1 :I ) 
0 1 6 2 0  2 0 0 0  CONTINUE 
0 1 6 2 1  DO 1 9 9 0  N = l  ,NOBKS 
01 6 2 2  PF(YI ILFT(N) ,JJS ~~~~~~~~~~(~j) GO 1 0  I~GI:I 

0 1 6 2 3  Y L L F T ( N ) = Y (  % L F I ( N j ,  J9) 
0 1 6 2 4  I I X L = X X L ( N  j 
0 1 6 2 5  1 I I = I  TXL,,/IDI S l f l  
131626 THETLL IN j=THETA(  I I I ,  JJ) 

1 6 2 7  D X L i N ) = X X L ( N )  -DXk( I LFT(P4 j -1  j 
0 1  6 2 8  1 9 6 0  C:t=lNT IN/IE 
0 1 6 2 9  %FI'l'i: I R T ( N )  ,JJj sg iTT ' tRT iM)  ) GO 7-17 12770 
0 1 6 3 0  'YFtRT(Nj=' f ( IRT(PJj  ,JJj 
0 1 6 3 1  I I:~.R='-' .4/C F, ! N j 
[I 1 6 3 2  I I % = I I X R / I D % S T + Z  
la1633 T H E T R R i N ) = T U E T A ( I I I , J J )  
iJ 1 6 3 4  DXR(N)=>{XKiNj-DX-k( fRT<I..I)-1) 
i l l 6 3 5  127713 C:I:INTII\IUE 
0 1 6 3 6  195 i r  C:I:INTINI-IE 
0 1 6 3 7 1 I:! 0 0 C: OpIT 1 1.1 1-1 E 
i t  1 6 3 8  R ET 1-1 FR 
0 1 6 3 9  END 
[I 1 6 4 [I Sb16R0UTINE PLI:ITF~ISII~IAX,JMAX,"I',"~'L-FT,YRT, I L F T ,  IFcT,SJETT"I, I J E T ,  
0 1 6 4 1  1biOBKS ,MMUX) 
0 1 6 4 %  PARtil~IETEhIb4I =55  , b I J = l l  ':I 

(31643 DIMENSlON Y I N I  , N J j  ,YLFT( :5)  , Y K T I 5 )  I LFT i ' 5 ; l  , 1 F F T ( 5 j  ,SL7€T1'I(.5> 
0 1 5 4 4  1 , I J E ? ( 5 3  
0 1 6 4 5  DIMENSION IC:HAR(2CIO), I ' r '16 j  ,NN(7 )  
0 1 6 4 6  DATA NN/'1W*91Wb991Hs ,1H+ ,1U#91H0 ,1HH/  
Cl1647 &)ATA N %  L / l H  .," 
8 1 6 4 8  IWIK)TH= l27  
0 1 6 4 9  C: I W %  BPH-75 
0 1 6 5 0  YM%I\I=-50 . 



DO 1 I=1, IMAX 
I F ( ' i < I  ,1j .GT:'I"MINj G o  TO 1 
"iP1 I P%I ='%I" <, 1 , 1 j 

1 CONTINUE 
\,.'p,h'%( -'%{' (' 1 L- ,.- .. q 7 )  

UO 2 I = 1 , I M A X  
I F ( " f i  I , 6 i  .LT.YMA>C) GO TO 2 
'(MAX=',' ( I , 6 ) 

2 COI.ITINUE 
I F ( Y M I N . G E . 0 . )  GU PO 3 
SCALE- IYMAX-" iMIN) / IWI  DTW 
PZE80=-Yt.lIN/SCALE 
6 0  T 0  4 

3 SCALE=YMAX./'IG.II DTH 
IZ&RO=50./SCALE 

4 CONTINUE 
Do  51:10 I=1, IMA:X: 
00 3.0 N=I , 1 2 7  

1 0  I C H A R ( N ) = N I L  
I C H A R ( I Z E R O j = 1 H I  
K ) i t  20  J=1 ,6 
I Y ( J j = Y (  % ,J~.K~SCALE+IZERCI 
I F ( I Y ( J 1  . L T . 1 )  I Y ( J ) = 1  
I F ( I Y ( J )  .GT;IWIDTH) P Y C J j s I b i I D T H  

2 i l  IC:HAR( I Y ( Y i  I = N N ( J )  
U O  2 0 0  N = 1  ,MMAX 
I F ( I  .El:!.IJET(N)) GO TO 1 5 0  
G 0 T 111 2 111 [I 

1 5 0  I Lp.IG=!SJETTYiNj. ..,.'::;C:&LE+ IZ&RI:I 
I F (  ILNG.GT.  IL\lIC!TH) ILNG=Ik. l%DTH 
DO 175 M=IZEF,il, I LNG 

17r , ..t I CHAR ( M )  =NNt: 7 )  
2 0 0  CONTINUE 

I F(I.lit&kS, L T .  1 ) G ~ I  TI:I 3i11 
30 i1  N=1  ,NI:IBKS 

I F i I  .GE. I L F T ( N )  .AND.I.LE.IP,TCNjj GO TCt 250 
G 0 T !:I :2 i t  [I 

2 5 0  I LNG=YLFT (N) ./SC:ALE+iZEF,il 
IF ( ' ILNG.GT. IL . I ID fWj  ILNG=II .dIDTH 
ICH&Ri  ILNG)=NN( ;7)  

3 0 [I C Op.IT I t.1 U E 
3 0  1 C~INT I NUE 

G1RITE<2,30 j  I ,(  ICHAR[N)  ,N=1,  IWIDTWS 
3 0  F O R M A T ( l X , I 3 , 1 H I  , 1 2 7 A 1 j  
3 0  FCIKM&T( 1 X  , 1 3 , 7 5 A l l  

500  C:ONTINIIE 
K ET U FIN 
END 



/!-is- 
!a !2 : 1 
12 ,j 3 2 
0 0 B 0 3  
3 11 13 la 4 
0 o c a z  c 
008C4  C 
C00C7 C 
0 6 0 0 8 
0 0 0 6 9  
0QCtlO 
0 0 0 l l  
i30BL2 
0 6 0 1 3  
0 0 0 1 4  
0 0 0 1 5  
0 6 0 1 6  
13~1217 
00rd lS 
OCOlP 
0 0 0 2 0  
0 0 0 2 1  
0 0 0 2 %  
0 0 0 2 3  
CIQ 0 2 4  
l dQ02J  
OCc!25 
0 0 0 2 7  
, ,  -4p 5 11 1-t -, L 8 
00C!29 - - - - -  
IJ I 1  I-; <; !": 

<: [I !:I 3 1 
<TI .-! 3 -3 
1- p-3 L b k 

p 1; 33 
i! '3 9 3 4 
~131235 
r, I-, r, 'Z & 
U ., Ld - 
.-# .-, ;9 7 9 

-8 .-I : 

3 140.3:s 
g g (11 3 p 
*- l i  13 4 .- _ 
[I 1; 4 1 
9 I:! 11 3 2 
I] 11 3 4 3 
,-, ,-, a & 
.i d h 

,- -. 7, I k 
,-. ,- -: - .- 
.-, " ,:' 3 _ _I 

3 '3 :I 4 - 
''1 8' " .d . ,  
.L. -, ,La .a 

$ 0 0 4 9  
3 111 111 5 0 
Ol]CS:: 
00052 
1:!iJl39:3 
0 0 0 54 
'30CSS 

P?OZR&+M DAIAI :  z?\JP!-lT , I~I_'T!~!-!T , 4 ).:P.-!T , . 3 ~ . 3 1 . : ~  , -l;,'e,;,-. - -  - -  ,TC- - 'P , ?..-Gcc- - . . . , - ~ P ~ i ~ ' ; S  
U, 

i, TAPELO= INPI-!? ,T&PEzC 4'5?!31 b ;I 
-u ' * *, :, 2::i : ;kz-- ' , - 3 , - a  ( 2- ;. ,242 > e ; ~ ~ % b r s % o &  119~v i20 )  ,SJET-VI:.~,II:; ! : ~ F - P ( . : ' I ~ ~  ' 5 -  - *  , , 

l , ' f I 1 0 8  ,I) ,CHkNG&!20) 
T H I S  PROGRAM ALLOLJS !J$,Es, "1, !zaE2,TE +.; I?.]tj:P' C .  - -- C !;:L:>;-&IL;,'4- . 8 .i !Lj 

THE PROJECT PARAEE";ER% +;6: .w.:P\,,fE 'ZBf :T' a -, - ? I <  ._ , &:.iT; ':.~"L;QL ~5 
TO ADJUST THE CC3dTOUR LOCATIONS. 

DO a N=1 !  2 0  
1 CWNGE(N)=O.O 

WW%TE(6,10 j 
1 0  FQRMAT(1X,10HENTEW IMAX)  

REAB(J , * )  IMAX 
W R I T E I G , l % )  

12 FORMAT ( 1 X  ,1 O HENTEW JFIAX j 
READ(S9* )  JMAX 
W R I P E l 1 O 9 1 4 j  IMAY,JI'qA>< 

1 4  FORMATCZ110) 
l d R I f E ( 6 , 2 j  

2 FORMAT( 1 X ,  J'LWENTER THE %IFFSHORE BOlJNDAk'l CONTOUR DEPTM Ikd ?-'%'z?S, 
%8H(:WDEPTH) ) 

READ(S,* j  WDEPTW 
WW!PE(1O,Sj WDEPTW 

7 FORMAT(10X9F10.3)  
WW%TE(4,3)  

3 FBRMAT(1X,OO&ENTER Ti+E 3 E S I R E 3  CSNTOUR DEPTHS I N  FEET, 
123Y!:ST32NC,3RD,. . qJMAX+l  j 1 

READf5,3.; <!~W&p.JGEi:,J: ,J=: ,,~:~&:..<~;:: 
CHANGE:  ,-?V&.XC2) =LJDEUPY-k3. 2913F;d 
1JF.ITEi L . 2 ,  2%1 : Cfi&P.IGE ( ,J i , ,I=: , 212 : 

4 j,-p",$f" ';':=, ,3 
P - .  _ . _ - , ,  

1;RI-E S , ? .  
5 ~ I - F ~ ! A P ~  l,:, . b a ~ ; ~ ~ , b . i ~ ~ ' ;  - ,-L= - - :,r::. - -  - i . 2 -  - -- - -  - -L* - - - E ? r ~ l  OF FRIIVTED OUTPUT, 

:24Ld( e:,&pl&bE-E!,)EF( L . j - L j  _t;.iAl.,.'E. , 
?.Ei;iD 5 ,  .b j :.JC:I-!TV7 
, L?, - -r, 
V V : .  , , 10 , 6 1: ?.i!3iJIPy 

G F O R M k T ( I 1 0 )  
WI;:IT&.'- " 9 ,  

''='?a 

a7 TORMAT\ 1:,<, 14HENTE%, BERM( F'? '1 

S E&S ( 5 , -2 3 sEp%v - 
, L  - - ' 3 .  

: a m . . - 2, , , , . - , .-: ;-, 9 :.,. .... 7 , 1 - - - , n . A . , l lPE?.!TER S F + I ~ E  ! 

qr. . \P;;  6. 
-H-. , , + 1 !%'FACE 

L.J,n ; Tzi: , 2,; ,) 

71-1 F I T D I . . + & ~ ;  
L -  - . k' : ,  , lP-+EPqTK=R 3 I Lii.i, '-'*' . 

2 -,.r 
..c*v. f ;kj DIAM 
;.:u L 3 , 2 2 )  BEq,r.', STAt;E , "1 k:.' 

- - 
Ld 7!~iqp1~'P(~*::;(,"11:!,Q,F~': '  , L l , F L $  

; . lP:TE(6,P-$, 
24 F:gp,pq&T ( l;i, :391-(ENTER ".IUPBE".F ,;F;!.!:: 1 k.1.'3 (pM@)() , 0 ,  1 , 2 ,  ETC . ) 

s. E.4 I. 7 , -r ; **f'4&),>: 

: .r , blr.q&!,?<. , : 2 , ::! ) 13 f :z '33 
EC 2 6  t-i-1 ,?MA;< 
1.1P.ITEi ~ 3 ~ 2 8 : ;  M 

2 9  F::F,MATt: :X, >I]H&~;TE?. 1 b3!:+T. 31'4, ,z?.i~2T- QC &I:. , 1 2 ,  l!JA &RO(N(  FT) 
2s: 3.EAD( 5 ,*) I JET(M) , SJETTY 
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1'117 c~gc ; . !~~ :  ,:? , ~ ; 1 . ; *  -. r .  -7"  2 . , ,-* VALUE, I.-::1;5E"EI,-;L . 4 L - ~  - - -  - E E  ADDED / ,  
~ ~ l s  T!] T;E &(.,:c_j;,jc - - - r.G:I.h HE) -JCIC  EI\)T (IONTOUR ( F T )  . E N I F F  I/+AX.3 . J W X  / 
4 , & ~ b  - .! ?,'ALGEE,,3. ;i+E'., ~ I l l l c " F ~ E T ~ )  

- - - -  - -  
1 0 2  READ( S ,-b! I , .-T, - - z -  12' 

1 F i 1 . E C . : F.*&..c . ;t . ,  . .: . : '3 . .Jp?Q& 1 2 '2 T '3 4 9 2 
WRITl=-,:, 2::: , 112 :I : , ,', I..": ,:E 

112 FQ?.pqAT: 2:5,6?C .21  
GC) 1 2 9  

499 !4RITF.[20,112;1 I , J , C R E Z : i E  
5 0 0  CONTINC!E 

1 T I  M"IE-1 
W R I T E ( 6 , 3 0 )  

EfO FORM&T( 1 X  , 4 9 H E P r J f  EP. L4Pf..!E HE: GIdTi 'TI , 95'5 I :>DCSECS) ! QMG!-E(DEGS) / ,  
162HAND NUMBER OF !?EPTT:Ti 3NS (:IF ih&' k$9UE F IELD.  bHEN [.IJ)~PLETED, 
I/', 1'3HEI'.ITE?, 99. ,93. ,93. , 0  :I 

82 CONTINLlE 
NREP=O 
?,EAD(5,k! H,T  , k ,NREPIT  

87 %~-JD=~:I 
IF( !T:ME.Eil .  :':-;p:c_.; :'.,3=1 
L~F\!'EI,, 112 , 8 5 ?  :T:YE,H,P,~ 4 . 'rjr. < -  

83 FOff,F.'AQ( I:;' , : A ,  f .: , 3 F . 5 . 1  , : 5 ; 

T I  ME= 1 T 1 t.3E-L 
1.; H. E 5 =r.; F. E ?+ 1 
!FI:LI,BT.F$. ) ~ 5 1 j  TO A:r' -. . 
! F < N P ~ ~ ~ ~ , ‘ . . . ~ P ~ " ' ' .  - . I - 21- - 7-1; ,2T 
' j 12 '.--I -, - ,- ,= C 

%2 ,-! - ,->. -? - h, ,! : != - - - _. 4 . , '. 
T C l F  
EVD 
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