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INTRODUCTTON

Offshore development is coming to New Fngland. Whether it comes in the
form of a near-shore nuclear power plant, an offshore tanker terminal and
submarine pipeline, or an oil fleld on Georges Bank, there will be a vital
need for quantitative Information on expected sea conditions. In the
relatively shallow waters of much of the Gulf of Maine, this information 1s
nighly dependent on location because of bottom effects on surface waves.
These bottom effects, including refraction, shoaling, friction, and
percolation, can cause dramatic differences in sea state in areas only a
short distance apart. In addition to sea state, wave direction can also be
critically important. Wave forces on a pipeline, for example, may be

minimized by keeping the route orthogonal to the wavefronts of the expected
(1

maximin waves.

Usually these data are obtained 1n one of two ways. If a proposed site
is near a shipping lene, a Coast Guard statlon, or a weather ship, then
records of the sea state in the area may already exist. If this fortunate
coincidence does nct cecur, instrumentation-—either bottom or buoy deployed=-—
must be installed to record wave data. The minimum reccrding period is one
year in order to determine seasonality of the sea conditions.

An alternate method, requiring nelther a fortunate locatlion nor a year
of data recording for each individual site, would be to simulate surface wave
propagation on a digital computer. With such a program, it might be possible
to determine the characteristics of the deep water incident waves affecting
a large section of the continental shelf by extrapolating the data obtained
from one point in the area. These deep water values could then be used to

predict the expected sea state anywhere within this section.




A nunber of computer programs have been developed to solve the equations

(2

governing surface wave refraction by numerical methods. None of them,

however, takes the effect of wind into account, although this combination

(3) If these programs are to be applied to

has been suggested by St. Denis.
arcas as large as the Gulf of Maine, with corresponding long propagation
distances, the effect of wind must be considered since the surface waves
being refracted are wind generated. This paper describes the medificaticn

of an existing refraction program to ineclude the effect of wind and the

application of that program to the Gulf of Maine.

Making Use of This Program

The selected refraction program plots the predicted wave paths, In
addition to presenting them in numericzl form, This feature makes the
program valuable for teaching a coastal engineering class or for demonstrating
coastal processes to the public domain in site selection hearings on offshore
construction. Such graphic demonstration permits a much better conceptual
understanding by the gerneral public than is possible through numerical
presentation of data. Judiciously used in conjuniction with other decision-
making tools, the graphic computer medel should greatly improve mutual under-

standing between the technocrats and the public on coastal questions,



REFRACTION PROGRAM

The wave refraction program used here was written by R. 3. Dobson in
1967, and medified in 1968 by B. Perry, R. L. Street, and T. R, Mogel, all

(4)

of the Civil Engineering Department at Stanford University. It has been

(5)

used in California to aild in harbor locatlon. The program 1s based on
linear small-amplitude progressive wave theory with its attendant assumptlons:

1) Wave amplitude is assumed to be small compared to wave

length. The error incurred by this assumption has been
estimated as approximately 3% for .002 = H/L = .03, (&)

2) The wave profile is assumed to be an exact sinusoid.

3) Flow is assumed to be two-dimensional, inviscld,

irrotational, incompressible, and of constant density.

The criginal program(“) considered the processes of refraction and
shoaling of surface waves. Refracticn, the pending of surface waves due to
the dependence of wave speed on water depth, occurs when the wave crest is
not parallel to the bottom contours. The pertion of the wave in shoal water
slows, while the remainder in deeper water maintains its speed. This results
in the turning of the wave boward shallow water. Refraction theory requires
some further assumptions:

4) The bottom contours are assumed to be smooth. However,

the results of the graphical methods employed by the
refraction program have been shown to correlate well
with actual refraction patterns as determined from
aerdial photographs.(u)

5) It is assumed that no energy is transmitted along the

wave crest.




6) The water surface is assumed to be a plane.

In addition to these theoretical assumptions, there were some additional
assurptions explained in the original program implicit in the sense that
certain processes were neglected:

7) Wave energy reflection is assumed to be negligible,

(Approximately 10% of the wave energy ls reflected for
a slope of 110.)(7)
8) Diffraction is assumed to be negligible.
9) Fnergy dissipation by bottom effects, i.e., percolation
and friction, 1s assumed to be negligible.
10} The effect of wind on the waves during refraction is
neglected,
Assumptions 6, 9, and 10 were valid for California coastal studles because
of the narrow continental shelf in that area., Refraction, shoaling, and
other bottom effects were important over a short distance only. When the
program is to be used for a coastal area with a wide bottom-affected zone,
the validity of these three assumptions becomes questionable. The planar
surface assumption has been investigated. The bottom friction and
percolation assumption 1s presently being examined. This paper offers a

possible approach to removing the assumptlon that the wind effect is

negligible.
BATHYMETRY OF THE GULF CF MATNE

Before the wave refraction program could be applied to the coast of
New Hampshire, 1t was necessary to obtain bathymetric data for the Gulf of
Maine., National Ocean Survey plans to publish bathymetric charts of the

entire Gulf of Mzine. At present, two of the approximately ten charts



vlarned have been completed. These two, 0808N-69 and 0808N-50, were
valuable in obtaining more detailed depth data near shore, the area west of
70° longitude. U. 3. Coast and Geodetic Survey Chart 71, Gulif of Maine and
Georges Bank, was the source of all depth data for the area east of 70°
longltude.

Tt was necessary to transform the depth data on the charts to a form
more palatable to the computer. A plece of transparent material was placed
over each chart, and a selected area on each was ruled off in a grid-like
pattern, using the scale markings on the chart margins for spacing. The
depth at each grid intersection was interpolafed from the chart and written
on a coding form. The information was then punched on cards, and finally
stored on disc. The location of the four grids, and thelir size and grid
spacing, is shown in Flgure 1. Near shore, where 1t is more likely that
wave data will be needed and where depth data is more complete, a finer mesh
size was used. The mesh size increases from 1/4 mile to 5 miles, going from

the westermmost grid, IMMER INNER, to the easternmost, OUTER OUTER.
WIND WAVE GENERATION

The generation of wind waves, like many other natural processes, has

been described and studied both theoretically and empirically. St. Denis
(8)

has written a good brief review of wave generation theories, while Kinsman

(9)

describes them in some detail. At present, however, for cperational

purposes the empirical methods are still preferred. These are described

(10) (11) There are two basically different approaches

in several sources.
to the problem of relating wave characteristics to wind parameters empirically.
These are the spectrum method of Pilerson, Neumann, and James, and the signif-

icant wave method originated by Sverdrup and Munk and later modified by



SuLy OF MANE

S8 raTeem opaTewAS |

Grid Spacine Clze Data Foints
(naut.lcal miles) (¢zrid units)
i1: Trner Inner 1.1 104 % 08 BHah
I: Inner 1/2 ol x GOl 3111
0O: Cuter 1 61 x 101 6161
O0: Outer Outer 5 IR S te 2208

Total nwiber of dara roints: 18,045

Figure 1 Refraction trid Fey



Bretschneider. The latter approach has been chosen for this project because
it can be adapted to the refraction program, which treats one incident wave
at a time in order to permit a graphical presentation of wave rays. This
monochromatic approach can be used to do spectral analysis by treating each

(12) The path of one point on a wave crest

frequency corponent separately.
is known as a wave ray. The pattern created by superimposing a nurber of
wave rays has classically been used to plnpoint areas of wave energy
concentration or diffusion.

Empirical relationships between wind speed, feteh length and wave height
are available in both graphical and rumerical form. The latter was selected
as being more suitable for use in a computer logic. The equations selected
for use in this study are those of B. Wilson(lB) because a recently published

conparison(lu) of wave forecasts with actual wave observations concludes that

Wilson's formulations are probably the most accurate.

MODIFICATION OF THE REFRACTION PROGRAM

The empirical equations added to the refraction program, the so-called
Formulas IV(IB) of Wilson, éémbine the important wind wave variables, wind
speed, wave height, wave celerity, and fetch length, into dimensionless
parameters. Two equations are used; one describes the wave speed parameter

terms of wind speed and fetch:

o137 -1+ 0.008(55%)1/3]‘5} )
where H = significant wave helght, It

¢ = wave celerity, ft/sec

F = fetch length, ft

g = gravitational acceleratlon, ft/Sec2

U = wind speed, ft/sec



The other equation shows the dependence of wave helght on wind speed and

fetch:

= 0,30 {1 - [1+ 0.004(%)1/21“2} (2)
U

le@

The significant wave height is defined as the mean helght of the highest one-
third of the waves present at the point of interest In space and time. The
sipnificant pericd 1s the mean perlod of the highest third of the waves.

The distance over which the wind is acting on the water is the fetch length.

By substituting the expression ¢ = 3-T, Eg. (1) may also be written(15)
£ - 5.60 11 - (1 + 0.008EHY 317} (3)

U
As a first approximation, a uniform wind velocity is assumed. In order
to adjust the refraction program to incorporate the wind effects described
by the empirical formulae of Wilson, the following logic has been employed:
1) An initial significant period, starting point, and wind
velocity are chosen,
2) The initial fetch is computed using Eg. (3).
3) Using this fetch value, Eq. (2) is used to determine the
initial significant wave height.
4) The locaticn of the next polnt on the ray, and the depth
at that location, are calculated. The ray 1s not propagated
continuously, but in discrete increments.
5) If the depth is sufficient to preclude bottom effects, the
ray step added in Step # above is added to the current
fetch value,
a. This feteh value is used in Eg. (2) and (3) to

calculate a new significant wave height and period,



b. Return to Step 4 above.

6) If the depth is such that the wave is botvom affected, an
equivalent deep water fetch length is calculated using
Eq. (2) and the significant wave height calculated in the
previous ray lncrement. This calculated fetch 1s called
an "equivalent deep water fetch”(16) because after the
initial bottom-affected increment, the helght used to
calculate it includes the bottom effects of shoaling
and refraction.

7) To the equivalent deep-water fetch is added an increment

equal to the product of time step and wave celerity.

8) Significant wave height and pericd are calculated using

Fq. (2) and (3) and the fetch corputed In Step 7 above.

9) Refraction and shoaling coefficients are calculated and

applied to the significant wave height to obtain the
bottom-affected wave height,
10) Return to Step 4 above.

Figure 2 is a simplified flow chart of the modified refraction program.
The subroutines and their functions are listed in fppendix A. Appendix B 13
a listing of the modified program.

A typical seriles of computer plots generated by the refraction progran
before the inclusion of wind effects 1s shown in Figures 3-6. The rays,
numpered 1-7 for identification purposes, were started in the area just south
of Nova Scotia on the outer outer grid, Flgure 3, with an initial propagation
direction of due west.

The small rectangle cn the upper left edge of the outer cuter grid

outlines the overlap, or match area, befween thls grid and the next grid
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[Read Wave Datal=
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i

[Corpute Next Ray Point|

fCALL SUBROUTINE DEPTH]|

Ray In Deep Water Ray Reaches Shore

Check

|
[CALL SUBROUTINE, DWIND|

| CALL SURROUTINE CURVE |

[CALL SUBROUTINE REFRAC]

[[CALL_SUBROUTINE SWIND|

[CALL SUBROUTINE HEIGHT|

Ray Entered
Next Grid

{Store Ray Parameters |
]

-
[CALL, SUBROUTINE WRITER]

Riy In Deep Wgter @ Ray in Shellow Water

Figure 2 Simplified Flow Chart for Wave Refraction Program

10




Y AXIS, GRIO UNITS
0 S 10 15 20 @s 30 35 M 45

X

5IXd

SLINA OIH9

Figure 3 New Hampshire Coast

Outer Quter Grid

T=10 sec, U=0 knots

11



'SINE X

SLINA aI¥D

t MxI5. CRID LnITE
0 0 10D
b
| )
n Y
[ ]

Figure 4 New Hampshire Coast
Outer Grid

T=10 se¢, U=0 knots

.%;{
"
[
S
A»:“jj.- ==
’;Jaﬂ 1‘)

12




* hx1§. CHID LMITE
11““- 2 . ‘Iﬂ . 15____ 20 [4] . a as Lal q 50
i &

T g

i ‘

T

|

i

3 | ///

2 /
Y e J 'j
21 l“‘ 1 / b
;‘;1 './..z
2/
"8

Figure 5 New Hampshire Coast

Inner Grid

e e e e e T T T T T=1 O sec , U:O knOtS

o
e
T

SELF W A

13



—

[Fapi

73

JUNS SR 1

i L5

Tilun E0M 41N T
L]
H

>3

2

L3

5s

I
A'i?&':’ﬁ
Tt

Figure 6

Hew Hampshire Coast
Inner Inner Grid

=10 sec, U=(} knots

_Tt_ — - ._...:F
\ novA MORVIA _.__-‘I
. e
Rx‘:”'. Q:.: r"ﬂ}. i

LRI

14




shoreward, the outer grid, Figure 4. Only the rays entering this match area
in Figure 3 appear in the succeeding plot in Figure 4. Similarly, in Figure 4,
only those rays entering the rectanpular match area on the left edge of the
grid will appear in the inner grid, Figure 5. And finally, of the rays in
Figure 5, only those entering the match area on the left side cf the plot

are shown in Figure 6, and so are plotted from the easternmost grid to the
westernmost.

The rays plotted in Figures 3-6 represent waves having a pericd of 10
seconds and, since wind is neglected, a windspeed of 0 knots. Flgures 7-10
are plots generated by the modified program, having the same period, initial
cocrdinates and initial direction as those in Flgures 3-0, but with a 50 knot

east wind., The numeriecal output for ray number 4 is glven in Appendix C.
SUGGESTIONS FOR FURTHER WORK

To be complete, bottom friction and percolation should alsc be considered
in the model since a significant portion of the Gulf of Maine is "shallow

(173 state that

water," especilally to longer perlod waves. Putnam and Johnscn
the effective roughness, and therefore the danping effect on waves, 1s
determined by the size of the ripples in the sand. Ripple size, in tumm, is
controlled by grain size, water depth, and wave helght and period, so that
bottom friction is not a static quantity. They estimate that wave helght may
be reduced by 30 percent by small slopes. Most of thils reduction occurs in
the final 20 percent of the shallow water travel of the wave. A typical
friction factor of £ = .01 is calculated for a four-foot, twelve-second wave
moving in relatively shallow water over ripples having a pitch of five inches,

(18}

This vazlue has been used widely by C. Bretschnelder, although he used a

A1 frerent method to arrive at this value. Iwagaki and Kakinuma obtained a

15



Y AXIS, GRID UNITS
°0 25 30

[P

Lo 5 18 15
— f\f"”jjé- RS

-

=0
(ngwf 5 ﬂ\\\hzi e Sk

01

51

SLINN OT¥9 ‘SIXH X
52 02

DE

cE

Oh

Sh

Figure 7 New Hampshire Coast
Quter QOuter Grid

=10 sec, =50 knots

16



Y AXIS, GRID UNITS
o 10 20 30 40 S0 60 70 80 30 100

= U

0

‘SIXH X
02 01

0

O+

SLINM OId9

a5

0%

Figure 8 New Hampshire Coast
Quter Grid

T=10 sec, U=50 knots

17



SIINN OIM3 ‘SIXY X
GE 05 Sh Ok 0eE S22 02 &1 01

g9

¥ AXIS,
3 10 15 20 @5

GFIT

UNITS

30 35 40 43 50

S8

Figure 9

X s
"i,s\n . . 4 r,.'\-:"
\.‘ X 3

Wi
AR
¥

SO r or AN

- rerves d—tte

18

Hew Hampshire Coast
Inner Grid

T=10 sec, U=50 knots




¥ AX1S, GRID UNITS
10 15 20 25 30 35 40 %5 S0 S5 B0

[m]
n

0

g

N

at

SIXd X

SLIKN OIND
gel S5 0B SB 0B 82 0O¢ 59 D3 S5 0S5 Sh On SE QE 52 D2 Sl

Figure 10 New Hampshire Coast

Inner Inner Grid

T=10 sec, U=50 knots

19



relationship between the bottom friction factor, calculated from wave
(19)

observations, and the wave Reynclds number.

(20)

According to Putnam, energy loss by the movement of water in the

rermeable bottom—1i.e., percolation--may amount to as much as ten percent
for small slopes. Fipure 4 of his paper compares the relative effects of
these forms of energy dissipation cn wave height,

Hecause water is not inviscid, wave decay occurs and should be considered.

(21}

C. Bretschneider has devlised a graphlcal method for calculating wave decay

in areas with no wind. A numerical method for wave decay Iin shallow water

and appropriate computer logle has also been outlined.(gz)

The assumption of a uniform wind veloclty could also be improved., If
the wind veloclty were known as a function of space and time, matters would
be sinplified; but obtalning such perfect data is highly unlikely. If
encugh ships report barometric pressure readings so that iscbars may be
rlotted, wind veloclty could be approximated by the basic equatlons for
gradient or peostrophic wind.(23) Fquations deseribing the wind flelds of

(24) (25)

typhoons ™~ and hurricanes are also avallable. Both Bretschneider and

Wilson have zattempted to compute waves generated by moving or statlonary
storms.(26) @7
Another gquestionable assumption is that of a plane aurface. As pointed

out by Chao,(28)

this assumption 1s valid for small areas, but not for areas
of the size of the Gulf of Maine. He has transformed the equations governing
wave refraction to account for the sphericity of the earth., These transforma-
tions should be i1ncorporated into the refraction program,

Model studies have shown(gg)

that in areas of strong ray convergence,
the refraction factors calculated indicate waves higher than those that
actually occur., Diffraction, or energy movement parallel to the ray crest,
causes thls exaggeration and should therefore be 1nciuded in the model.

20
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APPENDIX A

Subroutines of Wave Refraction Program

MATN: Reads grid data and corputes grid constants. Then reads wave ray
starting cards,

QUBROUTINE FRAME: Draws and labels map on which wave rays are plotted.

SUBROUTINE RAYCON: Controls each ray as 1t progreSses across the grid,
Also causes ray data to be stored temporarlly when ray enters next
grid,

qQUBROUTINE DEPTH: Calculates the water depth at each ray polnt by using
values from surrounding grid intersectieons, and also determines if
wave ray has left the grid boundaries,

SURRCUTINE CURVE: Calculates local wave speed and finds the curvature of
the ray at the point.

SUBROUTTINE REFRAC: Solves the refraction equations te find the next
point on the wave ray.

SUBROUTINE HEIGHT: Calculates the shoaling coefficlent and the refraction
coefficient.

QUBROUTINE WRITER: Supplies printed output showing the progress of each
Tay.

SUBROUTINE ERROR: Estimates error in depth as computed by SUBROUTINE
DEPTH (called by WRITER).

SUBROUTTNE DWIND: Increments fetch and calculates new wave parameters.
Also increments elapsed time of wave ray progress across grid,

SUBROUTINE SWIND: Computes equivalent deep water fetch and new wave

parameters. Also increments elapsed time.
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APPENDIX B

Listing of Modified Wave Refraction Program
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WAVESy MK.V=~UNH 0S$/360 FORTRAN H WITH OUTPUT PLOTS

A PROGRAM TO CONSTRUCT REFRACTION DIAGKAMS AND COMPUTE WAVE
HETGHTS FOR WAVES MOVING INTO SHOALING WATER,

BY R.S5. DOBSON. MODIFIED BY B. PERRY ,R. L STREET,

AND T. R, MOGEL

DEPARTMENT OF CIVIL ENGINEERING,

STANFORD UNIVERSITY. JULY 1968

MODIFIED BY DsE. THRALL4EDALs UNIVERSITY OF NEW HAMPSHIRE
SEPTEMBER 1972

ADAPTED FOR 0S/360, OCTOBER 19675 BY R. L. STREET AND B. PERRY
INPUT PARAMETERS.

CONDITIDONS FOR MARK IV, MI «GE. MJ AND LIMNPT .LT. 1000.

B2 = RAY SEPARATION COEFICIENT

CONTP = CONTOUR USED WHEN PUNCHING PUNCHC CARDS

DCON = MULTIPLIER TO CONVERT DEPTH UNITS TO FEET. (Fl0.5).
DELTAS = MINIMUM STEP LENGTH ALONG RAY IN SHALLOW WATER. (F10.
DNORTH = ANGLE BETWEEN X AXIS AND NORTH(+=CCW) IN DEGREES

FACT = RATIO OF COORDINATES..sTHIS PROGL/NEXT PROG (F1D.5)
GRID = NUMBER 0 GRID UNITS PER GRID DIVISION. (F10.5)

GRINC = STEP LENGTH ALONG RAY IN DEEP WATER. (F10.5).

HC = CHARACTER HEIGHT USFD FOR ANNOTATION

H(} = INITIAL WAVE HEIGHT

TDND = RAY 1D NUMBER

IGRCON = GRID UNIT IDENTIFER. 1 = FEET. 2 = MILES., 3 = METRES.
1$ = GRID IDFNTIFTER(O=0DUTER, 1=INNER)

TUNITS = UNITS OF PUNCHED COORDINATED(O=0OUTER,I=1NNER)

LIMNPT = MAX. NUMBER OF RAY COMPUTATION POINTS. (15).

LRAY = END OF RAYSET IDENTIFIER(1=NGQ MORE RAYS)

MI = MAX. VALUE FOR I SUBSCRIPT, NOT TO EXCEED 350. (15).
MJ = MAX, VALUE FOR J SUBSCRIPY, NOT TO EXCEED 350. (15}.
NBOX = WHEN CARDS PUNCHED (1=WHEN ENTERING,0=WHEN LEAVING BO
NPLTTR = PLOTTER SIZE

NPRINT = FREQUENCY OF PRINTED OUTPUT FOR EACH RAY, (I5).

PLOTW = PLOT WIDTH

PUNCHB = CARD PUNCHED AT BREAKING MEIGHT (F4NO;T,YES)

PUNCHN = DATA PASSED TO NEXT GRID (F,NO;T,YES)

PUNCHC = CARDS PUNCHED CONTP FT, CONTOUR (F,NO;T,YES)

RK = REFRACTYION COEFICIENT

SK = SHOALING COEFICIENT

T = RAY PERIOD

UwW WIND VELOCITY IN KNOTS
TITL1 e TITLS,FIRST FIVE LINES IN PLOT ID BLOCK
X19yX29Y1,Y2=COORDINATES DEFINING AREA FOR CARD QUTPUT {(F10.5)

Xe¥YeA = RAY STARTING PARAMETERS{COOTDINATES AND ANGLE)
XCONST = DISPLACEMENT (OF Y AXIS NEXT PROG UNITS (F10.5)
XARRO,YARRDO COORDINATES OF CENTER OF NORTH ARROW

YCONST = DISPLACEMENT OF X AXIS NEXT PROG UNITS (F10.5)

THE FOLLOWING INPUTS ARE FOR PLOTTING A REGION OF THE PROGRAM GRID:

XPMIN = X COR., OF LH EDGE OF REGION

XPMAX = X COR. OF RH EDGE OF REGION

YPNIM = Y COR. OF BOTTOM OF REGION

YPMAX = Y COR. UOF TOP OF REGION

XARRO = X COR. OF PLOTTED ARRQOW

YARRQO = Y COR. OF PLOTTED ARROW (IF COR., OF ARRDW ARE OFF

PLOTTED RECION, NO ARRIW IS PLOTTED)

COMMON D(12)4E(6),WAR,B1,4B2,COsCXY4DCDH,DCONyDELTAS yDRCyDTGR 4DXY ,E
.T;F,GRINC,HD,IGU,JGD,LIMNPT,NPRINT,NPT,PHX.PHY,RCCU,RK'MI,MJ,SIG,
e SKyToUWyUF 3 Ve WLy WLOyWADZGRID,DEP {36960 )
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COMMON /COPT/BOXFACTy IUNETSPDX, TITLE(20) X1 4X2sXCONST+YLsY2,
«YCONST IS5y PUNCHN,PUNCHB;PUNCHC,PLAT,IDND,CDNTP;HCID;
o XPMAX ¢ XPMIN, YPMAX,YPMIN
REAL*8 UDATE
COMMON/DATE/UDATE
LOGICAL BOX,PUNCHN,PUNCHBqPUNCHC’PLAT,REFIND
sen FOLLOWING DATA FORMAT TRUNCATED TO FOUR LETTER WORDS.
DATA IFEET,IMILES,IMETRE/4HFEET,4HMILE94HMETR/
50 FORMAT(5L1,2154+2F10.5}
51 FORMAT{7F10.5,211)
52 FORMAT(6F10.5)
56 FORMAT(1I5)
57 FORMAT{ BA4,6F6.2)
58 FORMAT{I192F6.2+F74216F6.2,FT72274X,415)

59 FORMAT(6F7.2)
60 FORMAT{1H1,9X,' STANFORD WAVE REFRACTION PROGRAM MK V',y/1HO,9X,

.' DEVELDPED AT CIVIL ENGINEERING DEPARTMENT, STANFORD UNIVERSITY?,
J/70%Y,9%X, " UNIVERSITY OF NEW HAMPSHIRE VERSION'////)

71 FORMAT{*1',105X,*'DATE ',A8)

61 FORMAT(1H+,20A4/8H SET NO.»I3510H, PERICD =yF74247H SECS.sy8H RAY
eNUeyI5421H, INITIAL TIME STEP =,F8.1s7H MIN, ,17H WIND VELOCITY =
erF&4oly6H KNOTS//1H 13X¢5HP01NT,5XleXyBX;lHY,éX,5HANGLEg5X,5HDEPTH
9@ Xy THMAX DIF,BX,6HPERIUD,BX,&HLENGTH,4X,5HSPEED;5X,6HHE!GHT'5X92H
KR 3 BXy 2HKS s 8X s SHFETCH,

« /4 130H (GU) (GU) (DEG) (FT) {PERCENT)
« (SEC) (FT} {FPS} (FT) {DIMENS IONLESS) (NM)
. //1H gIT,3F9.2,F11.2,10¥,FB.Z,BFIO.Z,ZOX,FIO.éJ

62 FDRMAT(39HO ALL SETS COMPLETED. NUMBER DF SETS =+14}

63 FORMAT({1HO,9X, J9HPROGRAM PARAMETERS.//25H GRID LIMITS, ABSCISSA
o =Z9l&y12H, DRDINATE =,14,1H./27H PRINTED OUTPUT INTERVAL =,14,8H
LPOINTS./19H GRID SIZEs UNIT zoF9.49lXgA4y1H./31H DEEP WATER INCR
.EMENTAL STEP =,FT7.3,12H GRID UNITS./49H DEPTH CONVERSION, DEP(1,J
.) TO FEET,y MULTIPLY BY,F6.3}

64 FURMAT{1HO,59HPROGRAM STOPPED, MI*MJ GREATFR THAN 36960 NOT ALLOWE
oDy MI =,I4,7H, MJ =9I‘0]

66 FORMAT('0 DATA IS PASSED WHEN RAYS ENTER"'/

.' THE BOX DEFINED BY THE FOLLOWING POINTS:'/10X+2HX=3FT.2,

. 5Hf =9F7¢2 /10X,2HX=,F7.2'5H9 Y=1F7.2/10X92Hx=iFT:Z!SH} Yng
cTe2/10X,2HX=,F742y SHy Y=9F7.2 /36H GRID CONVERSION FOR PUNCHED
. CARDS:/IOX,BHXPUN=X*(,F7.273HJ—IgFT.Zngl/lOXrBHYPUN=Y*(pF?.ZpBH)
'-(’FT'Z'IH])

666 FORMAT{'0 DATA IS PASSED WHEN RAYS iLEAVE"'/

.' THE BOX DEFINED BY THE FOLLOWING POINTS:7/10X2HX=yFT.2y

- SHr Y=,F7¢2 /10X,2HX=,F7.2,5H' Y=,F7.2/10X¢2HX=,F7.2,5H, Y=1F
J7.2/10Xs2HX=,F7a2y SHy Y=4F7.2 /36H GRID CONVERSION FOR PUNCHED
. CARDS:/IOX,BHXPUN=ﬁ*(gF7.213Hl—l1F7.2,1H)/10X'BHYPUN=Y*{,F7.2'3H3

n_(!FTQZQIH,,

67 FORMAT('INO RAYS FQOR THIS SET' /' SEF NUMBER"', I4)

68 EORMAT(* INPUT CARDS FOR NEXT PROGRAM DATE® +AQ,
29X, '0%,11)

69 FORMAT(' CARDS PUNCHED WHEN H/D>0.78 DATE' A9,

w29X "1, 11)

70 FORMAT{(® CARDS PUNCHED AT',Fb6.2," FT.CONTOUR DATE?',A9,
229Xy *2%',11)

72 FORMAT(?! RAY STARTED OFF GRID OR ON LAND' )

73 FORMAT('0 CARDS ARE PUNCHED WHEN THE LOCAL WAVE HEIGHT'/

' EXCEEDS 0.78%DEPTH FOR DEEP WATER WAVE HEIGHTS FROM'/

. » 2.0 FEET TO 24.0 FEET IN INCREMENTS OF 2.0 FEETY)

74 FORMAT('0 CARDS ARF PUNCHED WHEN THE WAVE RAY CROSSES THE',./
. F7.2," FOOT BOTTOM CONTOUR')
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75 FORMAT('0 PLOTTING TAPE IS GENERATED. PLOT WIDTH IS5'.F5.2, 115.

. ' INCHES', /' AND THE CHARACTER HEIGHT IS',F5.24* INCHES ') 116.
76 FORMAT('0 THE PLDTTING AREA [S REDUCED TOQ:'/ 117.
. IOXQ'XNIM="F7¢29' XMA)(:',F?-Z/ 118.

. LOXy *YMIN=1,FT,2¢"' YMAX=',F7.2/ 119.

. ' AND THE NORTH ARROW IS LOCATED AT:'/ 120.

. 10X, 'XARROW=*sFT7.2,"' YARROW=',F7,2} 121.
157 FORMAT(8BA%4,46X,'0',11) 122.
158 FORMAT(Y1,77X,t0',11) 123.
INTEGER RCNT/0/ 123.1
WRITE(6,60) 124.
eee READ BASIC DATA 125.
READ(20)(TITLE(I),I=1,12),MI,MJ, IGRCON,GRIDsDCONyXARROy YARRD, 126
«DNORTH IS ((DEPII+{J=1)%MI)yI=14MI)yd=i,¥J) 127,
1FIMI®*MJ.GT.36960)G0 TO 10 i28.
MIl=MI-1 129.
MJJd=MJd~1 130,
READ( 5,50 )PUNCHNy PUNCHB y PUNCHC s PLAT s REFIND L IMNPTsNPRINT,DELTAS, 131.
<GRINC 132.
IF{ PUNCHN JRFAD{(S+51}IXLyX2sY1iy¥Y2 s ACTyXCONSTYCONSTIUNITS,NBOX 133.
PLOTW=1.0 134.
HC=0.1 135.
IF(PUNCHCIRFAD(5,52)CONTP 136.
JF(PLATIREAD(54+52)PLOTWHC 137,
HCID=0,66666T%H(C 138.
BOX=,FALSE. 139.
IF{NBOX.EQ.1)BOX=,TRUE, 140.
UNIT = GRID 141.

GD TO (16417,18), IGRCON 142,

16 IGRCON = IFEET 143
GO TO 19 L44,

17 GRID = GRID*6080.27 145.
IGRCON = IMILES ' 146.

GO TO 19 147 .

18 GRID = GRID*3,281 148,
IGRCON = IMETRE 149.

19 CONTINUE ' 150.
XPMIN=0,0 - 151
YPMIN=0,0 152.
XPMAX=MTI 153.
YPMAYX=MJ 154.
IF(REFINDIREAD(5,52) XPMIN, XPMAX,YPMIN, YPMAX 4 XARRO,YARRD 155.
PDX={YPMAX-YPMIN) /PLOTH 156
ARROWL=PLOTW/4.0 157.
SCAFAC=GRIN/6080,.27 158.
INITALTZES FRAME ROUTINE 159.
IF{ LJNOT.PLATIGO TO 20 160,
CALL FRAMET (XPMAX yXPMINsYPMAX,YPMIN,SCAFAC sPLOTW,HC) 161

2C TF{PUNCHBIWRITE(6469)UDATE,IS 162.
IE(PUNCHC)WRITE{ 6, 7TO)CONTP yUDATE, 1S 163,

c 164a
165

WRITE(H963) MI,MJI,NPRINT,UNITyIGRCON, GRINC,DCON 166,
IF(PUNCHN AND +BOX)IWRITE( 69661 X1 3 Y 9 X19Y24X23Y2:X29Y1, 167

. FACT s XCONST»FACT s YCONST 168,
IF(PUNCHN . AND,. .NOT.BOXIWRITE(64s666)IXT1 Y1 4X1,Y2,4X2,Y24X24Y1, 169.
FACT ¢+ XCONST+FACT 3 YCONST 170.
IFIPHNCHR)HRITE(6r73) 171 .
IF(PUNCHCIWRITE (6,74} CONTP 172.
IF(PLAT)IWRITE(6,75)PLOTW4HC 173

30



IF{REFINDIWRITE({6,T6)XPMIN s XPMAX,YPMIN,YPMAXyXARRO,s YARRO

see READ WAVE DATA

498
499
500

200

501

502

600

121

119
120

10

NOSET=0

G0 TO 500

WRITE{(6,6TINOSET

GO TO 500

IF{PUNCHNIWRITE( 74158} IUNITS

LRAY=0

READ(5457END=120}{TITLE(I},1=13,20)

NDSET=NOSET+1
READ(S,SB,END=121)LRAY,X,Y,A,RK,SK,BZ.T,HD,UH.NAD,IDNU
IF{LRAY ,NE.0)GO TO 498

1F{ .NOT.PLAT)GO TO 502
CALL FRAME{TITLE,S5,NOSET,30)

CALL ARROW(XARRD,YARRO,DNORTH,ARROWL}
IF{.NOT.PUNCHNIGO TO 502

IF(XPMIN.NE,0.0)GO TO 502

CALL PLOT(90,X1,Y1)

CALL PLOTI90,X1,Y2)

CALL PLOT(90sX2,Y2)

CALL PLOT(90,X2,Y1)

CALL PLOTI(914X1lyY1)

GO TO 502
READ(5,584FND=119)LRAY s XY yAyRK,SK,+B2yT+HOyUWsWAD, IDNO
IF{LRAY.NE.Q) GO TO 499

UF=14.6996569%UW

WHMAX=[ .30%UF%%2)/32,174

ET=0

WAR=0.0174532925%WAD
F=60710%UF*x2%{({1/({1-3.T74116%(T/UF))%%,2)~1)%%3])
HO=(0.30/32, 174 )%UFx%x2%{1=(14+,004%( (32,1 T4*F/UF&%2)%¥,5} )%%(-21}
51G=6.28318B531/7

CO = 5.1204062%T

WLO = CO*T

DRC = WLO*0.6
DTGR = GRINC/COD
UNIT = DTGR*GRID
Bl = B2

NPT = 1

Cxy = CO
FN=F/6080.,27

WL = WLO

CALL DEPTH(X,Y)
WRITE(6, 7T1}UDATE

WRITE(6y6L)TITLESNOSET s To TONOyUNIT UN NPTy XY AsDXY s ToWLO,CO,HOWFN

[F(DXY.LE.0.)G0 TO 600
CALL RAYCONCXsYsAsWHMAX)

G0 TO 501

WRITE(6,72)

GO TO 501

RCNT=RCNT+1

IF(RCNT.LT.2) GO TO 200

GO TO 120
IF(PUNCHNIWRITE{7,158) TUNITS
CONT INUE

WRITE(6962) NOSET
IF(PLAT)ICALL FRAMEL

RETURN

WRITE(6964) MIgMJ
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60
61
62
71
81
82

10

11

12

13
130
20

RETURN
END
SUBROUTINE RAYCON(X,YsAD, WHMAX)

COMMON D{12),E(6) yWARsB14B24C0OsCXYDCDH,DCON,DELTAS)DRCDTGR,DXY+E
T FyGRINC s HO 160, JGOs LIMNPT yNPRINT ¢NP T PHXyPHY yRCCOsRKsMT 4 MI451Gy

eSKsT oUW UF Ve WLeWLO s WADGRID+DEP (36560

COMMON/COMA/XP,YP
COMMON /COPT/BOX,FACT,IUNITS,PDXy TITLE(20),X14X2yXCONST,YLlsY2y
«YCONST 4 1S, PUNCHN s PUNCHB y PUNCHC ¢ PLAT  IDNOCONTP ,HCID,

e XPMAX s XPMIN,YPMAX YPMIN

. DGICAL AREAI!BDK'FUNC’FUNB!pUNcHNQPUNCHDQHRTNfHRTB'HRTB’FUNCHB’
+«PUNCHC 3 PLAT

DATA XPLsYPL/D.0+0.0/

REAL XPLOT(1300),YPLOT{(1300)}

FORMAT {t1+% ') ‘

FORMAT( '+ * 1)

FORMAT('+ %1

FORMAT(1X$2F6.23FT74246F6.23FT.2:4X,31556X9'0%,11)
FORMAT(IX,2F6.2'F7.2'7F6-2vF7o2115,4Xy'2"[1)

FORMAT(IX s2F6.2sFTe237F6s23FTe2,T15,4Xy"'10,11)

PUNCHD=,FALSE.

PUNR=.FALSE.

PUNC=.FALSE.

WRTN=.FALSE,

WRTB=.FALSE.

WRT3=,FALSE.

HB=24,0

HOBL=1000.,0

DLAST=3000.0

Al=AD
XPLOT(1)
YPLOT{1)
NPLOT=1
AR=AD*0.,0174532925
H = HO

IGO = 1

COSA
SINA

X
Y

COS (AR}
SINUAR)
PX
PY
X = COSA®GRINC+X

Y = SINAXGRINC+Y

CALL DEPTH(X,Y)

NWRITE = 1

IF (DXY LE. O.) GO TD 22

IF (DXY .LT. DRC) GO TO 11

CALL DWIND(AD)

H=HO

GD T 300

X = PX

Y = PY

CALL CURVE({X,YsARsFK}

NWRITE = 1

IF {H .GE. WHMAX) GD TO 13

CALL SWIND({AD,HUNIT)?

GO TOQ 130

ET=ET+UNIT /3600.

CALL REFRAC{XsYyAR4FK+6£30,8620,8214622,8625)
NWRITF = 2

GO TO 30

< o0
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g ReNel

laEuNe]

C
c
C

21

22

25
30

100

120

150

190

200

250
290

300

NWRITE = 3

GO TO 30

NWRITE = 4
AD=AR*57,29577951
NPT=NPT+1
IF(DXY.LT.~1000.)NWRITE=5
GO TG 910

NWRITE = 7

CALL HEICGHT(XP,YP,AR,H)
AD=AR%S57,29577951

CARDS PUNCHED H/DXY>0,.78

IF{ .NOT.PUNCHB) GO TO 200 .
HOB=0,78%DXY/{ SK*RK)
IF(HOB.GT.HORL}IGO TO 150
IF(HOB.GT.HBIGHO TO 190
IF{PUNB) GO TO 120
VRAD=ARCUS(PHX/({PHX*PHX+PHY*PHY]**0.5))
IF(PHY,LT.0)VRAD=-VRAD

ACONT=( AR-VRAD)*57,29578+180.0
HW=H*HB
WRITE(8,82)1X,Y+sADsRKySKyBLyTsHBsDXY»HKW yACONT y IDNG, IS
WRTB=,TRUE.

PUNB=.TRUE.
IF{HOB.GT.({HB-1,0))G0O TO 190
HB=HB-2,.,0

PUNB='FALSEQ

GO TD 100

IF(HBR.GF.24.0)G0 T0O 190
IF(HDOB.LT.(HB+3,0)160 T0 190
HB=HB+2.0

PUNR=,FALSE.

GO 70 150

HOBL =HDB

CARDS PUNCHED WHEN DXYXCONTP FEET

IF{NOT.PUNCHC}GO TO 300
IF{DXY.GT.DLASTIGO T@ 250
IF(DXY.GT.CONTP.OR.,PUNCIGO TO 290
VRAD=ARCUS(PHX/{[PHX*PHX+PHY*PHY}**O.5}}
IF{PHY.LT.0.)VRAD==VRAD

ACONT={ AR-VRAD)*57,29578+180.0
HRITE‘?vSl)XqY;AD,RKpSK;Bl,T,HU,DXY,H,ACUNT,IDND,IS
WRT3=,TRUE,

PUNC=,.TRUE.

GO TO 290
IF(DXY.GT.CONTP+5,0)PUNC=.FALSE.
DLAST=DXY

CARDS PUNCHED FOR NEXT PROGRAM

IF{ ,NDOT.PUNCHN)GO TO 390

1F{PUNCHD) GO TO 390
AREA1=X.LT.X2.AND.X.GT.X1.AND.Y.LT.YZ.AND.Y.GT.YI
IF{{{.NDT.AREAI).AND.BDX).OR.((.NUT.BDX!.AND.AREAI))GD T0 390
XPUN=X*FACT=-XCONST

YPUN=Y®FACT-YCONST
HRITE(?,?l)XPUN.YPUN,AD,RK'SK,Bl,TvHU,UNrHAD'IDNU,IUNITS
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390

910

915

907

908

990

920

922

PUNCHD=.TRUE.

WRTN=,TRUE.

CONTINUE

NPT=NPT+1

IF (NPT .GTs LIMNPT) NWRITE = 6
NPLOT=NPLOT+1
IF(NPLOT.GE-1297)INWRITE=8
XPLOT(NPLOT =X

YPLOTINPLOT)=Y
IF(IMDD(NPT,NPRINT).EQ.D0)GO TO 915

IFIWRTB4ORWRTN,OR. WRT3,0R.NWRITE.GT.1)1GO TO 915

GO TD (10,12,990),1G0

CALL WRITER{XsYAD +HyNWRITE)
IF{WRTNIWRITE {6460}
IFIWRTBIWRITE(S+561)
IF(WRT3IWRITE(6.62)

WRTN=,FALSE.

WRTR=FAL SE-

WRT3=.FALSE.
DTIC=XPLOT(NPLOT)=-XPLOT(NPLOT-1)
IFIDTICLNEL.O0.O0YGO TO 907
XTIC=0.03%PDX

¥YTIiC=0,0

GO TO 908
ATIC=ATAN{(YPLOT{(NPLOT)=-YPLOT(NPLOT-1))/DTIC)
XTIC=0.03%PDX*COS({ATIC+1.57079)
YTIC=0,03%PDX*SIN{ATIC+1.57079}
NPLOT=NPLDT+1
XPLOT{NPLOT)I=X+XTIC
YPLOT{NFLOT)I=Y+YTIC
NPLOT=NPLOT+1
XPLOT(NPLOT)=X-XTIC
YPLOT(NPLOT)=Y-YTIC
NPLOT=NPLOT+1

XPLOT{NPLOT)=X

YPLOTI{(NPLOTI=Y

GO TO(10,12,9901),1G0

IF{ .NOT.PLAT)RETURN
WMRGN=0,2%PDX

XPMINW=XPMIN+WMRGN
XPMAXH=XPMAX—WMRGN
YPMINW=YPMIN+WMRGN
YPMAXW=YPMAX-WMRGN

DO 920 T1=1,NPLOT
IF{XPLOTI{T1) LT XPMINWIGO TO 920
IF(XPLOT(T1).GT.XPMAXWIGD TO 920
IFLYPLOT(IL) LLT.YPMINWIGO TO 920
IF{YPLOT(I1).GT.YPMAXWIGD TO 920
GO TO 922

CONTINUE

RETURN

DISP=4,5

TF{IDND.GE.10 JDISP=DI5P-0,.5
IFIIDNO.GE, 100 IDISP=DISP-0.5
IF{IDND.GE.1003 IDISP=DISP-0.5
IF(IDNN.GE.10000)DISP=DISP-0.5
XI=XPLOT{I1}=DISP=PDX*HCID
DISP=0.6666T7
TF{YPLOT(I1+1).GT.YPLOT(I1)}DISP==-2,33333
YI=¥YPLOT(TI1}+DISP*PDX*HCID
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DO 924 IL=11,NPLOY

IF(XPLOT(IL).GT.XPMAX)IGO TO 926
IF(XPLOTI{IL)LT.XPMINIGD TO 926
IF(YPLOT(IL}.GT.YPMAX)}GO TO 926
IF(YPLOT(IL)aLT.YPMINIGD TO 926

IF(ILLEQ.NPLOTIGO TO 927
924 CONTINUE
926 tL=1L-1
927 IL=IL=-1

DF=({XPLOT(I1)=XPL)*#2+(YPLOT(I1}-YPL)**2Z
DL=(XPLOT(IL)=XPL)*%2+(YPLOT{IL)=YPL)**2

IF(DF.GTLDLIGD TO 950

CALL PLOT(91sXI,YI)

WRITE(4,9930) 1DNO
993() FORMAT(15,100X) '

CALL CHAR{HCID+O)

DO 930 I=11,I1t

930 CALL PLOT(904XPLOT{1)},YPLOT(I})

XPL=XPLOT(IL+1)
YPL=YPLOT{IL+])
CALL PLOT(91,XPL,YPL)
RETURN

950 CONTINUE
DO 960 1=11,IL
TI=1L-1+T1+1

960 CALL PLOT(90,XPLOT(II),YPLOT(EI))

XPL=XPLOT(I1)
YPL=YPLOT({Il)

CALL PLOT{91,XPL,YPL)
CALL PLDT{91,XI,YI)
WRITE(4,9930}11DNO
CALL CHAR[HCID, 0}
RETURN

END

SUBRNUTINE WRITER(XsYsANGsHsNWRITE)

COMMON D{12),E(6),WAR,B1,82,C0,CXY,
cToF+sGRINC yHO, [GO s JGO4 LIMNPToNPRINT

.SK,T,UH,UF,V,HL,HLO,HAD;GRID,DEP(BbeO)
IF{NWRITE.EQ.5)IDXY=DXY+10000.

CALL ERRORIFIT,DIFMAX)
FN=F/6080.

WRITE(6,62) NPT,X;Y,ANG,DXY;DIFHAX,T'HL;CXY,H,RK,SK,FN
62 FORMATI(1H ,I7,3F9.2'F11-21F10.2,F8.2,3F10.2,3F10.4)
GD TO (11,20,21922423+244525+26), NWRITE

20 WRITE(6s61) NPT

61 FORMAT(29H CURVATURE AVERAGED AT POINT, 14}

G0 TO 11

21 WRITE(6463)

63 FORMAT(1H ,42HRAY STOPPED,
Go 70 12

22 WRITE(by64) X.YoET

64 FORMAT(1H ,32HRAY STOPPED.

GO TO 12
23 WRITE(6+,65) X3Y+ET
65 FORMAT{1H ,35HRAY STOPPED.

NO CONVERGENCE FOR CURVATURE.)
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© 425,

DCDHqDCON,DELTﬁS'DRC.DTGRrDXY'E
NPT;PHXQPHYv RCCU'RK ’Ml ,MJ rSIGf

REACHED SHORE. X =4F742y6Hy Y=4FT7e241
.TH, ELAPSED TIME =,F15.2,9H HOURS )

REACHED BOUNDARY, X =9F74256Hy

WF7e2917Hy ELAPSED TIME =,F15.2,9H HOURS )}

GO TO 12

24 WRITE(6466) LIMNPT XY
66 FORMAT(1H ,55HRAY STOPPED,

NUMBER OF POINTS EXCEEDS MAXIMUM.
35
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e

LIMI

426
427
428.
429.
430.
431,
432
433,
434,
435,
436,
437,
4364
439
439,
440 .
443,
4642
443,
Ghd,
445,
446,
447,
448,
449 .
450.
450,
451,
452,
453,
454,
455,
456,
457,



oT =914, 13H POINTS. X =9FT7424,6Hy Y =,F7.2} 458.

GO TO 12 459 .
25 WRITE(&46T) DELTAS XsY 460,
67 FORMAT(1H ,S51HRAY STOPPED, INCREMENT DISTANCE ALONG RAY LESS THAN, 461},
.F6.3’17H GRID UNITS,. X ='F7.2y6H, Y =’F’7-2] 462 .
GO TQ 12 4563,
26 WRITE(6,468) 464,
68 FORMAT(' RAY STOPPED,PLOTTING ARRAY FILLED') 465,
12 160 = 3 456«
11 RETURN 467 .
END _ 4685.
SUBROUTINE REFRAC(XsYgAaFK pdkykyik gk y%) 469,

COMMON D{12),E{6)+WARyB1,B2,C0,CXY,DCDH,DCON,DELTAS,DRCyDTGR+DXY4E 470,
eTsFyGRINC yHOy 160y JGO s LIMNPTyNPRINT ¢ NPT 4PHX,PHY ,RCCOsRKsMI,MJ4SIGy 471,

eSKeTyUWsUF o Vs WL 4yWLO+WAD,GRID,DEP{36960) 472
NCUR = 1 473 .

GD TO (11,12,10)y IGO 474,

11 FKM = FK 475
1GO = 2 476,

12 DS = CXY*DTGR 477 o
IF {DS .LT. DELTAS) RETURN 5 478.
RESMAX = D.00005/D5 479.

13 PO 110 I=1.,20 480.
DELA = FKM*DS 481.

AA = A+DELA 482,

AM = DELA*0.5+A 483.

XX = COSCAM)*DS+X 48B4 .

YY = SIN{AM)%DS+Y 485 .
CALL CURVE({XX.YY;AAFKK) 486,

IF {(DXY .1E. 0.) RETURN 4 487 .

GO TO 111,161+ NCUR 488.
111 FXKM = (FK4+FKK}*0.5 489,
IF (1 LEQ. 1} GD TO 110 430,

IF (RESMAX .GT. ABS{FKP-FKM)) GO TO 16 491 .
110 FKP = FKM ‘ 493 .
IF (RESMAX .GT., ABS{FK18-FKM)} GO TO 15 494,
RETURN 3 495,

15 FKM = {FKM+FK18}*0,5 496.
NCUR = 2 ' 497,

GO TO 13 498,

16 X = XX 499 .
Y = YY 500.

A = AA 501.

FK = FKK 502.

IF {NCUR EQ. 2} RETURN 2 503.

10 RETURN 1 504.
END 505.
SUBROUTINE CURVE{X.Y,A,FK) 506.

COMMON D(12)+E(6) +yWAR,B1s82,C0,CXY,DCDOHyDCON,DELTAS+DRC4DTGR,DXY,E 507.
eTyF+GRINC4HO, 160, JGOyLIMNPT yNPRINT yNP T, PHX s PHY yRCCO+sRKyME,MJ,SIG, 508,

eSKyTyUWUF s VoWl WLOsWAD,GRID,DEP (363960} 509.
COMMON/COMA/XP,YP 510.
GO TO (10,110, IGO 511
11 CALL DEPTHI(X,Y) 512.
IF (DXY®200. .GT. WL) GO TO 10 513.
IF (PXY .LE. O.} RETURN 514.
JGD = 2 515.
ARG = 32,1725%DXY 516.
CXY = SORT{ARG) 517.

36



DCDOH =
GO 70O 1
10 CI = CX
JGO = 1
DO 120
ARG = |
CXy = C
RESID =
IF (ABS
120 CI = (C
13 RCCO =
SCMC =
V = SCM
DCDH =
14 PHX =
PHY =
RETURN
END
SUBROUT

COMMON

16.,08625/CXY
4
y

I=1,50
DXY*SIG) /CI

O=TANH(ARG)
Cxy=CIl

(RESID) +LT. 0.001)

XY+CI %045
CxXy/Co

(1.=-RCCO*RCCOI*SIG

C*DXY+RCCO*CXY
CXY*SCMC/V

INE NEPTH{X,Y)

D(12],E16)thR,Bl,BZ'CO,CXY,DCDH,DCDN,DELTAS,DRC,DTGR,DXY,E
NPT, PHXyPHY 4RCCOyRKsMIMJ,4SIGy

GO 70 13

E(4)%2,5XP+E(5)*YP+E(2)
E(6Y%2AYP+E(S)%XP+E{3)
FK = (SIN{A}#*PHX~-COS(A)I%PHY}*DCDH*DCON/CXY

WT+FsGRINCyHOy IGOsJGOs LIMNPT s NPRINT,

SKoTsUW;UF s Vs WLy WLOy WAD,GRIDDEP(36960)

COMMON/
DIMENST
DATA

»20,0334
«191,4-0.
09’2*—01

.2*0.15789474,2*-0.15789473,2*0.157894737-0.15789473s

COMA/XP4YP
ON SXY(12+6)
SXY

/0.30861241,0.23684207,0.21770331.,
.0.236842071—0.0849282392*—0.05143541,—0.08492823,0.00598086;
.038277,0.00598086g0.05322964f0.19677030’0.14413872o0.10586122,0.09
.0311009-0.06758374s-0.0334928390.03349282.—0.182416261-0.3
.-0.12440190s0.12440190,0.05322964,0.10586122,0.14413872;0.
9282,—0.03349283'-0.06758374,0.09031099,0.12440190'—0.12440
34031099,—0.18241625,4*—0.12499998;2*0.12592*0.;2*0.1249999

90.052631579"0.05263157,0.05263158;-0.05263157:-0.15789473o
4%¥—0,12499998,

2%0092%0,125,2%~0,2%0,12499999/

I = X+1

J = ¥+l
XP = AM
YP = AM
IF (NPT
IF (1P
IF (JP

11 iP = 1
JP =

J
IF‘IoLToZ-OR.I.GT.(MI""Z}-OR.JQLT-ZQOR.J.GT.{MJ"Z) ]GG TU 200

LCNT=1+
D(1)
D(2)
D(3)
Di4)
D(5)
D(6)
D(T)
Dia)
0{9)
D{(10}

o mwnuon N n

OD{Xy1l.)
OD(Ysla)

.EQ. 1) GO TO 11
.NEF., I} GD 7O 11

LEQ. J} GO TO 14

JEMI
DEP{LCNT-MT)
DEP({LCNT+1-MI)
DEP{LCNT+1}
DEP(LCNT)
DEP{LOCNT+2-MI)
DEP(LENT+2)
DEP{LCNT+1+MI)
DEP{LCNT+MI}
DEP{LCNT-1)
DEP{LCNT -1-M])
DEP{LCNT=MI-MI)
DEP(LCNT+1-MI-MI)
K=1y6

O.
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574
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PO 110 L=1,12 578.

110 E(K) = E(K}+D{L)I*SXY (LK) 579.
14 DXY = (E{Y)4+E{2)%XP+E(3}%YP+E(& ) EXPRXP+E(S5)*XPXYP+E(6)}*YPXYP)*DCON 580.
RETURN . 581.

200 DXY=DXY-10000. 582.
RETURN 583,

END 584,
SUBRBUTINE HEIGHT{X,YsA+H) 585.

COMMON D(12)4E(6)4WAR4B1,yB2,CO,CXY,DCDH,DCONyDELTAS,DRCsDTGR+DXYE 586,
e TeFyGRINCHBy 1GO JGO+LIMNPT4NPRINT NPT s PHX yPHY ,RCCO4RK ¢ME,MJ 451G, 587,

«SKeTyUWSUF yVyWL yWLO yWAD,GRID,yZEP (36960) 588,

WL = WLO*RCCD _ 589.

GN = 12.5663706144%DXY/WL 590.

IF [GN JGTe 174.62) OGN = 174.62 591,

C6 = {(1.+GN/SINHIGN))%CXY 592,

SKI=SQRT{CO/CG) 593,

IF {CG «LTe 0.} RETURN 594,

RKI=ABS({1./B2) 595,

RKI=SQRT (RKI) 596,

HzHM& {1+ { (RKI&*SKI-RK#=SK)/RK%®SK}) 597,
RK=RK]I 597.1
SK=SKI 597 .2

GO TD (11,12}, JGD 598,

1} U = =2.*%SIGHRCCO*CXY/IV%V) 599,

GO TO 10 600

12 U = —0.5/DXY 601.

10 U = U*DCON 602.

DCDH = DCDH*DCON 603,

COSA = COS{A) 604 .

SINA = SIN(A) 605,

P = —(COSA¥PHX+SINA%PHY)*DCDH*DTGR*2, 606,

0 = ((E{4)%*2.+UkPHXEPHX ) *SINA*SINA={E{5)+U*PHX*PHY ) %2 ,%SINA%COSA 607,

. +(E(6)%2  +URPHY%PHY )} #COSA*COSAI*DCDH*C XY*DTGR*DTGR*2., 608.

B3 = ({P-2.)%B1+({4.-0Q1%B21/{P+2.) 609,

Bl = B? - 610.

B2 = B3 _ 611.

RETURN ' 612.

END 613.

SUBROUTINE FRROR(FIT,DIFMAX) 614.

COMMON D{(12),E(6) yWARsB1,B2,C0+CXY,DCDH,DCON,DELTAS,DRC+DTGRyDXY4E 615
«TsFeGRINCyHOy IGO0y JGOo LIMNPT ¢ NPRINT ¢ NPTy PHX PHY yRCCOyRK¢MI4MJ,H,51Gy 616,

e SKyTyUWsUF Vo WL WLOsWAD,GRID,DEP(36960) 617,
DEMENSIDON -BP(4) . 618.
IF INPT .LT. 3) GO TO 11 619.
IF (EP .EQ. E(5)}) GO TO 12 620.
11 DPI1) = E(1) 621.
DP{2) = E(1)+E{2)+E(4) 622.
DP(3) = E{L)I+E{2)+E(3)+E(S4)}+E(S}+E(6) 623.
DP{4) = E(1}+E(3)+E{(6) 624
DIFMAY = 0, 625.
SUM = 0, 626.
DO 110 I1=1.+4 627.
DIF = ABS(D(I)-DP(I}) 628.
DIFMAY = AMAXI{DIF,DIFMAY) 629,
116 SUM = DIF*DIF+SUM 630.
DIFMAY = DIFMAY®DCON 631.
SUM = SUM%0,25 632.
FIT = SQRT(SUM) 633.
EP = £(5) 634,
12 DIFMAX = DIFMAY/DXY*100. 635.

38



10

12

15

16

17
90

a5

RETURN
END

SUBROUTINE FRAMET { XMAX y XMIN,YMAX,YMIN, SCFAC,PLOTHW,HC)

INITIALIZES PLOTTING ROUTINES

LOGICAL STD,LABELD
REAL*8 UDATE
COMMON/DATE /UDATE
INTEGER AXISN

REAL ARRDHA(15I.ARRGNL(15},ARRUHX{15),ARRDHY(15),TITLP(4I$

. TITLE(II,XLABELlll,YLABEL(ll,SUNT(l);XPLT(600],YPLT(600)

DATA ARROWA /0.95.902,0.,0.,1.5708,4.7124,0.,3.1416;3.225s3.36v
e3e141640,07750.0605,-0,077,-0.0605/yARROWL /15224411744 4783404,
..04348,.04348,0.,.4783,.5235,.2004;.1522,.653,.825,.653,.825/

I=HC¥10.,0+0.5

HC=1/10.0

XDELT=XMAX-XMIN
YDELT=YMAX-YMIN
PDX=YDELT*HC/PLOTW
XMAXF=XMAX+ (21 ,4+3.6T/HC)I*FDX
XD=XMAXF~XMIN
XL=XD*PLOTW/YDELT

CALL PLOT(201,XMIN,XMAXF,XL.XD,YMIN,YMAX,PLOTH,YDELTJ

CALL DATER{UDATE}

K=1

MJJ=YDELT
TF{{MJIJI/{2%K)) . LE.12)60 TO 12
IF{{MJJ/{5%K) ) LEL.12)GD TO 15
TF({(MJJ/(10%K)).LE.12)60 TO 16’
IF{{MJI/(15%K}).LE.12)GO TO 17
K=K%x10

GO TO 10

AXESN=2%K

GO TO 90

AXISN=5%K

GO 70 90

AXISN=10%K

GD TO 90

AXTSN=15%*K

CONT INUE

PDXHC=PDX/HC

SCALE=SCFAC%PDXHC
TIC=0.05%PDXHC

NX=XDELT/AXISN+1

NMIN=XMIN

NXMIN=NMIN/AXISN
IF(MODINMIN,AXISN) . FQ.0)GOD TO 95
NX=NX=-1

NXMIN=NXMIN+1

CONTINUE

N1X=NXMIN*AXISN
XNUMY=-1.666%PDX+YMIN

XAXSLX= ( XMAX+XMIN)/2.0-{9.0)*PDX
XAXSLY==3,333%PDX+YMIN
NY=YDELT/AXISN+1

NMIN=YMIN

NYMIN=NMIN/AXISN
IFIMOD(NMIN,AXISN).EQ.0}GD TO 98
NY=NY~1
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GO0

laNeNel

98

3010
1005

5011
1010

1020

NYMIN=NYMIN+]

CONTINUE

N1Y=NYMIN*AXISN

YNUMX ==0, 666%¥PDX+XMIN
YAXSLX=—2,333%PDX+XMIN
YAXSLY=(YMAX+YMIN)}/2.0-(9.0)%PDX
XS={XL=2,0)%PDXHC+XMIN
XLS=3,2%PDX+XMAX

RETURN

EMTRY FRAME(TITLE ¢NLyNSETyNUNITR)

DRAWS PLOTTING FRAME

IFINUNITR.GTL.O)REWIND NUNITR

CALL PLOT{90,XSyYMAX])

CALL PLOT(91,XSsYMIN)

CALL PLOT(T) .

CALL PLOT (201 s XMINgXMAXF yXL o XDy YMIN, YMAX,PLOTW,YDELT)

DRAW X AX1S

LABELD=.FALSE.
DISP=-2,3%PDX

DO 1010 T=1,NX
NUM=MN1X+(T~1)%AXISN
TF(NUM.GE.10 1DISP=-2,0%PDX
IF{NUM,GE.100}DISP=—1.5%PDX
XNUMX =NUM+DISP
IF(LABFLPD.ORXNUMX LT S XAXSLX)IGO 10 1005
LABELD=.TRUE,

CALL PLOT(91,XAXSLXyXAXSLY)
WRITE{4,9010)

CALL CHARIHC,0)

FORMAT('X AXIS, GRID UNITS',100X)
CALL PLOT{91,XNUMX,XNUMY)
WRITE(4,90]11)INUM

FORMAT (I3,100X)

CALL CHAR({HC,G)

CALL PLOT(90,XMAX,YMIN}

DO 1020 TI=1,4NX
X=(NX—-T}*AXTSN+N1X

CALL PLOT{90+X,YMIN)

CALL PLOT(90,X,YMIN+TIC)
CALL PLOT(S0sXsYMIN-TIC)
CALL PLOT(90,X,YMIN)

CALL PLOT{91,XMIN,YMIN)

DRAW ¥ AXIS

LABELD=.FALSE.
DISP=-2.3%PDX

DO 1030 I=1,NY
NUM=N1Y+(I-1}*AXISN
IF{NUM.GF.10 }DISP=-2.,0%PDX
TF{NUM.GE.100)DISP==1.5%PDX
YNUMY =NUM+D TSP
IF(LABELD.OR,YNUMY . LT.YAXSLY)IGO TO 1025
LABELD=.TRUF.

CALL PLDT{91,YAXSLX,YAXSLY)
WRITE(4,9030)
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aNealw

GO0

9030
1025

1030

1040

1050

1060

9060
1070

070

9075
1080

9080

CALL CHARI(HC,+1)

FORMAT{'Y AXIS, GRID UNITS',100X)
CALL PLOT{91, YNUMX,YNUMY)
WRITE(4,3011)INUM

CALL CHARI(HC,1)

CALL PLOT(90,XMIN,YMAX]
DO 1040 I=14NY
Y={NY-T)*¥AXTISNENLY

CALL PLOT(90yXMIN,Y!}

CALL PLOT{904XMIN+TIC,Y)
CALL PLOT{90,XMIN-TIC,Y)
CALL PLOT{90sXMIN,Y)

CALL PLOT(914XMIN,YMIN)

NDRAW TP OF FRAME

CALL PLOTI(90,XMIN,YMAX)
DO 1050 I=1Y,NX
X=(T-1}%AXISN+N1X

CALL PLOT(90y Xy YMAX)
CALL PLOT(90sXYMAX-TIC)
CALL PLOT{904sXyYMAX)}
CALL PLOT{91,XMAX,YMAX)

FILL ID BOX

YLS=YMAX-PDX

DO 1070 T=1,NL

DO 1060 J=l.4
TITLP{JI=TITLE(4*(I-1)+J)
YLS=YLS-1.5%PDX

CALL PLOT{91,XLS,YLS)
WRITE(4,9060)}TITLP
FORMAT{4A4,100X)

CALL CHAR(HC,0)
YLS=YLS-1.5%PDX

CALL PLOT(91+XLS+YLS)
WRITE{449070)SCALE

CALL CHAR(HC4+0)

FORMAT('T IN.=%4F5.2, '"NeM,"+100X)
IF(NSET.LE.O0}GD TO 1080
YLS=YLS-1.5%PDX

CALL PLOT{9)4XLS»YLS)
WRITE{4,9075}INSET

CALL CHAR(HC,0)

FORMAT(* SET NUMBER',I4,100X)
CALL PLOT{91,XLS,YLS-1.5%PDX)
WRITE(4,9080) UDATE

CALL CHAR({HC,.0)
FORMAT(4X,A8,100X]}

X=XMAX+21 .,4*PDX

Y=YLS5-2.5%PDX

CALL PLOT (90, XMAX,Y)

CALL PLOT(90+X,Y)

CALL PLOT{90,X,YMAX)

CALL PLOT{90,XMAX,YMAX)

DRAW RIGHT SIDE OF FRAME

DO 1090 I=1,NY
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Oy 9

uEuEe

1090

130

105

110

115

116

120

60

Y=(NY=T)*AXTSN+N1Y

CALL PLOT(90,XMAX,Y)

CALL PLOT{90,XMAX-TIC,Y)

CALL PLOT(90,XMAX,Y}

CALL PLOTIO91,4XMAX,YMIN)
IF{NUNITR.LE.O)IRETURN

XPL=XMAX

YPL=YMIN
READ(NUNITR,END=120ICONT ¢ NPLT s (XPLT{I}sYPLT{I}yI=14NPLT)
DO 105 TI=1,4NPLT
IFEXPLTLEYLGTJXMAX)XPLT (T )=XMAX
TF(XPLT{I) LT XMINIXPLTI{I}=XMIN
JF{YPLT{I)GTLYMAX)YPLTUI )=YMAX
TFIYPLT{I ) LT.YMINYYPLTII)=YMIN
NPLT1=NPLT-1
DF={XPLT{1)=XPLI®¥2+(YPLT{1)-YPL )%*%2
DL=(XPLT(NPLT)}-XPL)*%2+{YPLT(NPLT)}=YPL)*%*2
IFIDF.GT.OLIGD TO 115

DO 110 I=1,NPLT1

CALL PLOT(SO+XPLT(!)4YPLT(I))
XPL=XPLT{NPLT)

YPL=YPLT(NPLT)

CALL PLOT(914XPL.YPL}

GO TO 100

00 116 I=1.NPLTI

IT=NPLT-1+1}

CALL PLOT(QOXPLT{II)}YPLT(II)])
XPL=XPLT(1)

YPL=YPLT(1)

CALL PLOT{9l,XPL,YPL)

GO TO 100

CONTINUE

RETURN

ENTRY ARRNWIXA,YA,DARROW,ALTH]

DRAWS NORTH ARROW

IF(XAJLE.XMINIRETURN

IF(XA.GT aXMAXIRETURN

IF{YA.LE.YMIN)RETURN

IF{YALGT+YMAX)RETURN

IF{ALTH.LE.O.OIRETURN

AARROW=DARROW*(0 ,0174532G95

DO 5 T=1,15

ARROWX (T Y=ARROWL( I ) *COS(ARROWA{T )+AARROW ) *ALTH®PDXHC +XA
ARROWY (1) =ARROWL{TI*SIN{ARROWA{I ) +AARROW) *ALTH*PDXHC+YA
DO 60 T=1,14

IF(I.EQ.Y2)CALL PLOT(99)

CALL PLOT{90,ARROWX(I),ARROWY(I]}]

CALtL PLOT{(91,ARRDWX(15)4ARROWY{(15})]}

RETURN

ENTRY FRAMEL

CLOSES PLOTTING ROUTINES

CALL PLOT(90sXSsYMAX)
CALL PLOT{S91,XS,YMIN)
CALL PLOT(100)

RETURN

END
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Bll.
812.
Bi3.
Bl4.
815
Bl6.
B17.
818,
819.
820.
821
822.
823.
824,
B25.
826.
827,
828.
829.
8304
831.
832.
833.
834 .
835,
836.
B37.
838.
839,
840.
841,
842.
843,
B44 .
845,
846,
B47T.
848,
849.
850 .
851
852.
BS53.
854.
855.
856 .
B57.
858 .
859,
860 .
B61.
862«
863
864 .
B65.
B6b o
867
868,
869.
870.



SUBROUTINE DWIND(A)

COMMON D{12);5(6),NAR,BI,BZ,CD,CXY,QCDH'DCDN;DELTA59DRC;DTGR,DXY,E
.T,F,GRINC,HD,IGO,JGD,LIHNPT,NPRINT,NPT,PHX,PHY,RCCG,RK,HI,MJgSIGv
eSKyTyUWUF Vo WL yWLOyWAD,GRIDDEP {36960}

AR=A*0.0174532925
UP=UF*COS{WAR=-AR)
F=F+GRINC*GRID

T=8.60%(UP/32,174)%{1-1/(1+.008%{32.174%F/UP**2)%*,333)*%5}
HO=(0.30/32.174)%UP#%2%{1=1/(1+.004%(32.1T4*F/UP¥*2 )¥%* ,5)}%*2)

SIG=6.28318531/7
C0=5,1204062%T

WLO=CO*T

DRC=WLO*0C 456

DTGR=GRINC/CO
NUNIT=DTGR%*GRID

ET=ET+{ (UNIT+NUNIT)/7200.)
UNIT=NUNIT

CXy=CO0

WL=WLO

RETURN

END

SUBROUTINE SWIND(A,HyUNIT)

COMMON D[12)fElbl9HAR,BlgBZ'CUyCXY,DCDH,DCON,DELTAS,DRC,DTGR,DXY,E
.TyF,GRINC,HD,IGO,JGO,LIMNPT,NPRINT,NPT,PHX,PHY,RCCU,RK,MI,MJ,SIG;
eSKeToUWsUF, Vs WLy WLO s WAD,GRIDDEP(36960)

AR=A%0,0174532925
UP=UF%®COS (WAR-AR)
COSW=COS(WAR=-AR)

F=1942.56231%UP%%2%{ ({1/(1-10T.24666%H/UPR*2) %% ,5)-1)*%2)

F=F+CXY*DTGR

T=8.60%{UP/32.174)%(1-1/(1+.008%({32,1T4%F/UP**2)%%,333})%%5)
HO=IO.30/32.174)*UP**2*(1-1/{l+.004*{32.174*F/UP**2)**.5I**2)

$16=6.28318531/7
€0=5,1204062%*T

WLO=CO*T

DRC=WLO*0.6

DTGR=GRINC/CO
NUNIT=DTGR*GRID

ET=ET+{ (UNIT+NUNIT}/T7200.)
UNIT=NUNIT

RETURN

END =
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871.
872.
873.
874.
875,
B76.
877.
878.
879.
880.
8al.
88z2.
B83.
884.
B85.
886,
B87.
888.
889.
890.
891 .
B92.
893.
894,

, 895,

896.
B97.
89B.
899.
900.
901 .
302.
903.
904%.
905.
306.
907,
208,
909,
210.
911.
912.






APPENDIX C

Numerical Computer Output for Ray No. i

T=10 Seconds, U=50 Kncts



SUNON  *2%01 = Wil axavId 51°Y = K L4 = N TAUYONODS OIMIVIM 0344045 AV

sl17L"¢ D000 1 REE€"0 [ 2 [ T34 7% [ YR 1 &'zl 3 b 4 1 ES*EL- el"1 e HT %
9I¢E"E 00001 TESE"0 [ 72 1 [ {371 |1 b 6 21 S YRS ES"th~- s1*Y 9E vy’ t4]
goee*c - 0000°1 S50 L=s t1 34 ) 197% e L) R 14 [ £ 54 1 B 16*1 Tw* =l 1% *
SEET"Y ohoo"1 9695 %0 7 L 4d ]} 16°¢ 2 91 (T30 111 €6 €CE- 92 Gh* sl 0%
(31 TAd ) 0000° 1 olLE"D §E°% [ 754 ¥} $6°E [ 13 B 19°a95 £6*Ch- %' 03" 47 [ 34
otiv*y 0000t "wis*o [4 24 1 0% 1e 00"y 0601 L0 131 £G6*Ea- gl e m] (13
099"y 0000*1 LS9E "D £6°S [ 1381 SO0y 801 08" 265 EGEhH- wh*y [ X581 iy
4599y 0000"1 f11 10 L1 44 W oy 1] &L | FRE [ S YRS €4"€5-  0OL°g CALY (Y
1580*s 00001 t10r 0 LL=g 1104 ] ] Sty 57°¢ET €1°06% EGTEA- LR £l (13
S92€°S 0000" t 0% *0 .1 Rt - &1°06 12%4 10*51 EL*0ES EC EL- 1%L €4vel L 1]
[ 1235 1 oboo"1 So1v*0 09 v ee 12%% L w1 L0*09% EG°Fh~- 6"t LYRE) £w
"Wee's 0000°"1 WIv o *°n"9 12" %6 L2 ) 001 Le*L8s Ea~Eb~ [ ¥R ER*wl 2%
(121 Ad ) 00001 YoEY O 1€°9 SETLE [ 122} 0B*% LETHO9 ES"Ea- bw'p FERE £
SLLS "9 - 00001 S6YY"D 19 [ FRE{]] Be=e 1€*s 919 ESTEE- D1 Za"H1 O
L 311 %) 000" 1 19970 L L b ] SL*e01 95"y RI*E GE*059 EGYEE- 7011 Le*vl 13
[ L2 2 1F 3 00001 *riy"0 (1 34 ] Q€01 ety €99 95 "189 [ 334 1:50 gLetl 20°61 fE
s196"L 0000" 1| *IN* "0 £0~L LE=wTh €1y 62%t BT LES £G"Eh-  mgvZ] ad*ql i€
40959 0000°1 005D [ 1.5 9611 11 5 L2 04 DE*ELY £S°€ 65 TE*el 11°61 9
E¥9L% 0000~ 1 T12%°0 0s*L 11521 $E*Y ga"D1Y L1199 EQ"EL- io*sl 9151 [ 19
108001 0000”1 a0ys "D [ ¥ R § SE° 11 0% 88 01 EL*L99 EC EL- LR | 02 sl L33
T 11 0000° 1 1190 FL 0 ] 1+"8E1 oz s 4 A 11 LL% £5°80- 19°%tl g2 el Et
¥I1Z°I1  0000°1 4¥86 "0 FA 2 | (154111 (2] 1 y6*7 00 "00L £47E5~  BE*91 05°s1 7E
LY L1 00001 0190 ie*e 1a*951 24°S 19°¢ FL M YL EG"ES LY R 38 ge*sl 111
SE¥ 51 0000°1 EE»% "D 9z L T-aF L F4 B aL=t 15649 [l -2 £6"LT Ll AR 113
fv0B*L1 0000~ 1 0089 "0 6lL"6 MToRT 6" 4 9E*L §59°%66% EG EE- DL At yyt5l 53
£9%"02Z 0000" 1 LETL"O 1#"01 | TRF 1) 1z~ 1l Fi A 111 [ 1 Y- 6961 o8°5 | g2
[4-F 30l T4 0Qo0"1 LLL"O S1711 (13 324 1 43l [4 2 3 LLL19 £S Eh- RZ*Q2Z g cl iz
E9%0* ¢ 0000*1 EYye To [ 2 A F4 Al LV Le*9 gZ*e ESUNEY £G"FE= iz 68751 92
LEOT %Y 0000~ 1 LZEL D [4 24 3} L0°162 5 L TER &9 6% ESTEL- rg=12 ¥9°51 €2
S1ET %9 0000°T 9s0*1 gz sl E1"6&¢E LE™#® 0%°8 F4 3111 £ E6~- L2 89751 L X4
S¥l3"611 O0OO"1 ElvZ1 s6"LT 49°Iny L6 €E0"21 OE*ElS ESE4~ BsTE2 yivsi iz
C2RET9ee  9iRG'D ¥209°*1 €922 *7°916 1w gl PE*YL 26 S Qg Eh- 1942 1851 (44
LylZ=slL 88L6"D $70L 2 $L°%E 10°L001 [ A8k 1 4 957¢? Sy bE 6~ BE"GT L1 Rd4! 1z
LelZ*sIL ST196"0 siib~2 v i9 9* 266 [ 21 Tv¥" 1L 18 9%¢ 10°E6- F4 b X4 08*51 a2
SHEZ*6RI  PBLLTD [YYLRg! Be 6E L0°90L F{ N1 [ A 11 §9°867 29°26~ 4L"9Z £6sl 61
F269°URT 956670 Z¥0E*1 T 11l 71 9L°0T - §9°p1 66%061 2126~ D917 113 11 g1
QIEE 04T »9456°0 2621t o9 144 0 11 »Z°01 Fa Adi11 so0%isl 29* 16~ (X34 ¥ i8°57 it
BOIBHET ZT%6°0 Iog0*1 09°42 f -4 12 w001 SLoEE LitEst 19°06-  &i"%7 66751 1
EYTI9°RAYT 6996°0 1€00°1 BH"EZ 1§ 4 4 11 ez ot 02"ct oo Ll Ly*0b~ 2567 00*91 s
TLT¥* i 0ZL6°0 000" 1 0s*»? F4 hd 11 Lk a3 S 9502 L1066~ 920t on*9t ¥l
CIGZ 51  LELLC 9666 "0 L A8 T L 24l 111 QE"OL €LY oR 22 (YSCLENE [ bl §3 oorel €1
L96B"95i  YORED £666°0 F{ Rt ¥4 TL Ve ¥E" 01 L 2 S ] E9"EEZ L 1% 1 B LTIt 00* 91 4
1242°P&T  2266°0 It 138 ¥4 Ty RS SE*0t 6ty 2i*se2 96°6B-  DE"2€ 0091 11
SDES*BS1  avén 0 6666 "0 §0*67 130 32 LE*DI L3 ad 09" 80¢ LE*8R- SZEf o0*e1 o1
ELEG 0T 566670 0000 "1 L0"52 [ hat411 0s"01 £ el £9°L1E {3 3: B 00"%: o0"91 [
S166°0vT  0DOD"! 0000 *1 284 T4 [ Tod 111 0v0t B¢ 10°2¢¢ 00*06- [ T8 11 00*91 L}
£18"950 0000 0000 *1 1692 L TRFX 11 e 01 6"y 0D*T¥E o0*0s~  0§*5¢E oor91 t
2160%ts1  0000"1 ooog”*” 9L"n2 LIS s2°0t 'S 9L T%E 0006~  S2°%¢ 00+ 91 L
0l%€*evl. CQO0OOD-1 0000 "1 L2 38 74 ¥9°6ES £tz ol 6%y i 113 [+ Il T2 00"lE g0 14
@0&5° 401 DODO*{ 0000*Y e 92 FA L Y41 11*01 &1°¢ 1€ 00°06-  Si°lf 009 ¥
10%9*1%| DOOD*. 0000 "1 01"%? 0I"EZS 11°01  iv"% [ L3 141 00*06- OS°WE po=91 3
SO0A0"Hel QOO0 o000 "1 IR"EZ 99*91¢ 0 01 0z SH"ETE 80" 00~ | ¥4 1 o0*9y 2
Tt e ¥ iZ 0 216 oo*ot £1"22¢ 0006~ o0 0w 0" 91 1
1) f3SIMOISKIRIOD tid) fSdd) {14} {Jids) LAINEDNIM) i} {93306) N9 mna)
LFITE 1% | L3 ] AND] IH 0334$ H19M3D g01vw3e 411G xww Mid3Q 319Ny A ¥ inicd

SIONY 0705« ALIDDNIA ONIM ¢ "NiW C769% - 4318 NIl WILINI *+ *ON AY¥ *"533S 00°0[ = QOT¥3d4 “1 °*Om 1iS
(WA ¥ N 31vd SIONY 0% = N1l SAvy ¥3ILNO0. w¥aLinOD 15¥00 FNIHSHNYY AIN



9L 0000”1 0os¢ "0 sz st
SWILE"T ooco*1 00SE”"O L1751
Clel"2> 0000* 1 0op9E*D L]l
CiLly® e o000 Y 005 ¢ "0 46741
wlEL"D> 0000° 1 00%€ "0 y@ ol
StL6*6Ek ogoot1 009t "0 ZL w1
2l ECHE 00001 0D9E "0 1941
Eliw*By 0000" 1 005¢"0 [ 28 )}
ELZL"LE oaoo*1 D09¢€ ™0 LE*HT
€Lib*9t 0oo0"1 009¢ "0 g2°%1
TLZT*9E 00001 009 €0 £1°%1
ZLIv"Ge 00001 009¢ "0 10°%1
CLZL"%E 0000"1 009f *0 ag*cl
7LlI6"%E 0000°1 009¢ "0 L el
1L7ZEE 0000*i 009¢ "0 €971
1Lie"2E oono*1 [+ -l os* ¢l
LeL*1e 0000”1 09E"0 9E" £l
0Li6™0E Q0o 1 009¢ *0 €T ET
0i22%0% 000D" 1 QO9E*0 60* €Y
oLiv*he 0000"1 110 10 ] [T 384
6RIL 9T oo00* 1 ooseE"0 te*21
b9LL"LE aogo=1 QO%E "0 is*21
692Z°12 0000* 1 CO9E “C 2s*21
aviw"92Z Q000" 1 009E "0 1e*21
89ZL" 52 0000"1 o9t "D F1-4 4
B9L6%%T 00001 00%E *D ozl
eI v oo00- 1 009¢c "0 1611
L9LY EL ocoon”1 009E "0 SL=°T11
192i-22 ooog* 1 009€ 0 8511
L9Ll6" 12 0000”1 009¢ "0 v 11
®922*12 ooop™1 009k *0 gz°11
991%°02  Q000"1 009€*0 10"11
99zZL“61 ogoo*1 009 "0 68°0 %
s916-81 06001 009 "0 1L0%
s9ZZ*8l o000" I a09e "0 ZS°0T1
Sl il 00001 009 "0 £EE"01
S9EL"91 00001 009€"0 ET"0%
YYL6"S1 0000 "% 009¢ "0 £6"6
922" 81 0000" 1 009E"0D TL"b
*yle*e] o000* 1 009E"D (113t
£92ZLel 0000"t 009¢ "0 8Z*6
€£926°21 00001 009t "0 %0°6
£9z2t21 ood0*1 o090 19°%
FAFL 2 R 1 00001 GO9E 0 958
Z9ZL 01 aoon*1 o09€E 0 og"#
Z9i6°6 0000*1 00%€ *0 *0°8
1922°6 0000”3 009e "0 LT
1914"8 Q000" 1 o09E"CD 1L ¥
1921 "L onoc*1 009€ "0 |3 &)
19463 00001 009¢€ -0 28ty
09229 0000”1t D09E*0 19
09i%*G 0000*1 009€ *0 019
092L*% 00001 0O9E "0 69
I5l6"E ’ 92
tWN] (SSIINOISNINIO) (114}
HI133 £y b))} UL E L]
SADNY 0°0E= ALIDON3A ONIM
ELfE2/T 31v0

€L%9¢
S5*9E
PETRE
0Z"BE

20*BC

11 1
§9°LE
9 lE
9T LE
LO°LE
[1:2d )4
Y99
v 9E
a7 9t
Yo 9€
2e* st
09° 5%
LESE
*I°6E
06" %E
99* %
-4 A 19
L1°%E
T8 EE
S97¢C
BE"EE
11°€t
€8 2¢
5" 2¢
2T It
Y6 1E
[0
DE*1E
L6*CE
£970C
gz o¢
16762
| 33 -T4
*1°62
£l82
0eT82Z
984z
Qy* i
t6"97
[k ¥ 4
99ve2
62752
89742
£0°y2Z
EE°EZ
s~z
EL 12
18402
208°61

{5dd)
033dS

LB*262 9% y§5°2
9z 082 13388 9e
Z9°LEBZ .1 M § L8tz
LA 1 bl M 6678
g2r2e A AF ) 099
[4 0 124 &E"L 96°%
9L*9Le SE"L 6e* L
667EL 1€°L g9*9
Lit1iz gzvL ¥8°8
(134 174 ¥zl IL°ES
59592 0z L 11°9s
YT 2Z9¢ S1°L *SHE
85 °6%2 Zi*L 11767
197967 B0"L Lty*81
09°gsl 0°1L 0Z*¢c
$5°082 0oL L1%¢
Sy Lyl 569 E6"Z
ZE w2 169 (A Jal )
S1°1%2 98 =9 Lle"e
Yo lEZ gt 9 - 7
B9 42 Li®9 HETE
LE°1E2 2L°9 20°g
enteze 99 S8Ty
29 %22 299 68T
91" 1L 1579 og*i
99°¢12 2579 *3°7
D412 L¥"9 ¥ 2
¥ 012 149 artez
64 °902 cE"9 4 4
YO €07 0E"9 £L0
ZT°661 »Tt9 s 1
£ sel g1*e s1°Z
BE*I61L =9 zz*2
$ETLBL S0t ¥9* 0
7z el B6”S €Lt0
T0"6L1 1 E- 0 9 1e72
L4l "5 [+ 4 2
2EOLY iLts 18"%
187591 &9"% tl*s
617191 19°s Z1°¢
Lo deb 1 €575 91°E
BLTTEY Yo" g Lz
e5°94 1 ge*s 111
£yt 191 92°¢ 9978
o1°9t1 91L"s 19
65°0E1 1 i 0E“E
8979771 HE" Y we*Z
¥ 011 [4: 3 g1z
sle2tt 69 212
LiZ27901 L ZZ*e
e 64 Te* et "9
bl 1] <y 9L
6548 9074 16*L
65*9¢L LB ¢
{14} {335} {INSDH3d)
Hi9N3T 00T¥34 410 Xvu
T°0€2 = g3i5 AWIL YWILINI *¥

SL1ONN 0§ = N Nl SAvY

56 *99% €s°f6-
02*229 €57 €6-
LO"sc9 ES EL-
Py E8S €5 £6-
11°62¢ £5°€6-
S0 19% £57€6-
$6°E2Y €5 €6
18°04€ £5°€6-
sLv8e02 ES°ES-
1612 £gTEL-
Z1=cet €6 €6-
Ly*1€2 £5°€6-
00°11€ £4°€6=
QETOEE ESTEL~-
0E"v0" £6 €6~
oLoLYYy £S°E6-
95*¥aY £5°€6—
12°114 €S €6~
€9°0€s £6°E6-
L07E5S £S5 E6-
£979L6 eg ge-
66965 £ E6-
827429 £5°€6-
1€ 699 E5°EL~
EL"L69 EGTES~
By EEL €S €6~
Ly*ESL £S5 €6-
89°9¥L €S Eh-
GETDYL ES LS~
t0*e1d ESTES=
09889 £5°€6-
81°2L9 €S E6-
08°€59 £6 €6~
Le1ee £57E6-
18529 £S5 k6
4019 EG kb~
SL*19% ES €6
Z¥*596 £5*Co~
16°625 £§ €6~
9EThY ESTEL"
098y EGTEL—
0€ *£05 €5 66~
16°295 £S°E6-
04509 £57E6-
15229 £5° €6~
0219 £5°R6-
6%° 865 £5°€6-
82°¢6s €56
L6°98% £S5 E6-
6y"SLS £5°€6-
9€ “vs s ESTEE~
*I 0%S €S E6-
0Z"%ZS €5°€6-
1596y £5°€6-
114) t930)

_H1d30 ERE

"ON AVH *°573S
¥3100

BE Ys
29°6%
LE*9%
ZivLs
i9°l%
Z9*as
LE"GS
ZT1*0o9
9909

19719,

929
11°£9
9 e
19°y9
9LTEY
01499

.+ 58°9¢

09*19
SE*N9
01°6%9
S8"69
09°0L
wE* 1L
602
e i
65 EL
YE YL
605
L AT
8579L
EE~LL
80"/l
ch 8L
85”62
£E~OR
80~ 18
FA: A 1]
Ls*en
F4 Rl 3
LO"¥8
ZA 'y
L5"59
Z¢ 98
3L
18"Le
CI4L ]
1868
2006
806
95* 16
0E"Z6
S0°Eé
08 €&
1413

tnay
A
LB*E
1%¥02

= 001434 *1

e g s
£9°6F ES
[ 50 13 F4
ZLTEE 1%
LL®6E {411
18°6¢ b
996t LA
16" 6% JL)
11 3 -1 9
on* oy 114
Yooy by
60 0% Y
$1°0% [4)
81°0%. 144
€270 o
L1Z%0w &k
ZETOY 13
LE°0y L€
¥ O 9E
w0y 113
157 0% L 21
SLT0% (13
09" 0% Z€
Y3 0y 1€
59* D oe
YL oy ¥4
BL"OF ez
EQ OY 42
0y %z
267 0% 114
L6"0% LT
101+ €2
90" 1y F-£4
11 1% 12
- Sl 4 o0z
0Z" 1y 61
¥Z"1¥ g1
&2 1y L1
¥E* 1v 21
BE" T al
12 2 4 ] *1
By* iy A
M2l & FA
151y 11
19° 1 01
99° 1% 6
TL 1w B
SL* 1% i
[l Rl 8 9
581> s
&68° 1% A4
w6 iy £
6 1y Z
LY A3 4 1
tno)
X INIOd

0N 1S
uiHSmYH MiN



y6ZL"D B
v6l6°L8
y22°L8
EbHiv "9
E6zi'Se
L6160
262740
2619°CR
Z6ZLT8
1626°18
162218
161900
062261
061691
06228t
s0L8 Lt
692ZL 9L
6016761
6922751
T
“98TLEL
0L6°22
1822°2L
nan
19zL 0L
9926769
9922769
WLy O
SeTL°LY
S006°99
seTZ %9
SeLY 59
vozZL'¥9
"i6"E9
LTI
£824°29
2L
ERib 09
202209
LY S
2821°06
18L6"LS
1922"L¢
1924°9¢
192L°5$
0R16°%S
0922795
0PLY°€S
622L°2¢
sLL6*1S
6L22°16
fLive0s
ALIL by
LI @Y
912278y
Liiw iy
Lizioy
LiL™EY
QLZI"SY
SLLY Yy

0000°1
€000°1
aooe*1
0000" 1
0000" Y
00001
oooo*1
0000”1
0000°1
oCoo“1
oooo"1

009t "0
009t "0
009€ "0
009€ 0
009€ 0
00%¢ 0
009¢ "0
009 "0
oeEc0
00%¢ "0
009% %0
0909¢ 0
008¢ 0
00%E 0

009K 0

809C 0
009¢0
0098 "0
WvEe
009% "0
009E "0

. 909¢ "0

009¢ ¢
il

oRE~D

00%9€ “0
009E "0
009€ "0
009E "0
Ll
009 "0
009t "0
DO%E*0
009€ "¢
009E"D
009%€ "0
o09E "0
009¢ "0
009€ 0

- 009E "0

00%E "0
009% 0
o09€ "0
00%¢e 0
009€ "0
009€"0
009 "0
009t "0
009€ "0
009€ 0
009t “0
00%€ "0
009€°0
DO0%€ "0
009€ *0
009€°0
009E "D
009¢ *0
009¢ "0
009€°0

og 9ty
8291y
£6°41y
10T
011y
OE 40V
€S0y
SL 504
L6 E0%
L1"Z0¥
LE00Y

Ridt 1
ZL796E

BETv6L
€0° ot
L1*T6¢
0E°60%
ThTLec
TSTERE
29°€8E
oL"10¢
BT 6lE
YT LLE
885l
TG ELE
5T ILE
PETEE
§6°L9¢
Y o59¢
16" E9€
LR 19¢
19°65E
¥lo16C
S9796¢E
S$E°ERE
La A £ 17
TE"6%¢
LI°L¥E
10°s4¢€
ES"Z¥E
Yo" 0¥E
fe BEE
12°9€E
L6°EEE
TL*1E€
E¥TETE
€E1°LZE
28 HZ%
&4°22¢
*1°02¢
LL*11E
Le*gle
96*Z1¢
(154113
Lohel 1]
09-S0€
01"E0E
9S*00¢€
b o | 14
Ly 60T

"6
[ LA
00*s
[ -2t}
969
*wry
L0
06°2
ge°e
M®we
*8'e
ces
oe"¢
#i%8
818
e
elte
ale
B9 "8
%8
[ 3 Ad )
19°%
64°8
is°9
So°8
2678
0s°e
e
B
[ M)
e
[ 19
98
[ 28]
€78
| ko]
Lrad )
€29
1278
818
91"8
[ 2 84
019
80"p
$0°9
z0°8
130 X
S6°L
Y6 L
16°L
8L
§8°1L
28°L
&1L
UL
€L
69"t
99
£9°L
09

£%=0
o9*1
921
€50
%60
2L
BL"E
€0°"
11y
80"y
fE°1
(A3
Ze*1
9e "t
i1°%
*0°€
6"z
9"
15°1
1"l
LE"1
eL"2
7 5 7
L1
191
09°1
#2°¢
9 E
6§°€
9%t
60"y
194
G Y
I
06°0
£9°?

T aeve

TL%e
1s5*s
£9°f
69°¢
w2
oL"Z
ie"1
9E"1
Be"1
il
s82%9
41
L 1
Ly
2611
971
eL=12z
iL*61
6L°51
Sv vl
£6%t
zz*1
1 1 04

BE"569
B ¥LY
S6°Ly9
GE°LYYG
&L~ 109
6S°LLIS
597995
€1°45%
SLE¥S
SL70£6
90* 608
067064

ZZELY .

17199
T9°Lyy
26" L9y
1995y
TE"ELY
06"ESY
9Z-06%
L E0S
Ei 141
Ze"LES
L657LES
LE"ZZS
£E9*SBY
YETEY
SO 7%y
EL"R¥Y
LEQ¥Y
SETHYY
Z9" 9%y
o taYy
S8y
#9°E0%
I9°0ES
SI"6ES
i6*19%
L har 4 1
La e T4
L1691
L35 ¥4
L6"02%
L2418
98°81%
0 SES
LTl 111
Ty 519
9z 619
1905
€008
SHTSEY
SO0°96E
66°0LE
T19°99¢€
RLLIY
LL*Y9Y
o 22s
§Z°9¢S
&9 00%

ECTEE~-
£S"EB-
ES*EE-
€57e6~
ESTE6~
€9 E6-
ECTES~
€S EE-
E5°€6-
ESTEL~
ES EB-
L9 €6~
€ESTES-
€S E6-
ESTES-
£8 ES~
E9"EE-
€S E6-
£5vEe~
ESTRE~
ESTE6~
Y EE-—
ESTEL-
ES*E6-
ESTE6~-
ES €4
E5F6-
£EGTEL-
CSTEL-
ES EL~-
EG ES-
ESTEG~
€S E6~-
£S5 E6-
£SE6-
ESTEB-
ESTEH-
ES"EE~
£ESTEE-
£S5 €6~
ESTE6~-
ESTEE-
EGTEL-
ESTEE—
ESTE6-
ESE6—
ESTEL-
ESTEE~
ECTEh—
ETEs-
£S5 €6~
€6 CE—
ES"E6-
ES 8-
CETES-
E§°i6-
E€ 6=
£ES 66~
SETES-

L{% -

956

Lot
9% 11
221
$6°21
OLET
1231
g2*¢l
s6°s1
oL"91
S LY
61781
#6891
69°61
¥ 02
61°12
612
6922
gy e
L Afe T
E6 w2
F9°¢2
£Ev*92
-] S ¥4
€6°LT
19*92
2462
LIt0%
26*0€E
19°1¢€
ze~2¢
IT1"€€
I6*€EE
99°¥E
[¥°sE
91*9€
16"9¢
99*le
I»*8E
Si*6E
06 &E
59" 0%
0% 1k
ST 2y
056" 2%
$9°Cy
ov ey
YISy
68°5y
99y
-1 8
L iad L)
690y
" 6y
| 1711
EL°1s
L 1 bt £
€928
1 154 11

SI%v

1e°9¢
9a*Rg
06°4¢
SR*9E
00" it
L3 AT
$0"LE
[ ¥ 3
61°LE
€2"iE
L2 1%
TETLE
FESLE
£ Al 5
¥ it
06°4€
§GTiE
09*i¢
g LE
69°LE
€L if
eL"lE
11 L1
Lg*ie
Z6°LE
i6*ig
10" et
90" 8t
[} 4l -1
118411
02 Be
»ZTBE
[ Yol 13
EE*HC
BE"BE
£9° 8¢
L 13
st ee
LE"RE
T9° 8¢
99" 8¢
0L*8E
5L78¢
[11: 300 204
%3"PE
104 13
»6*RE
13414
EQT 6%
10%¢eE
[0 -1 9
LT1°6E
12%6¢
92 6E
[ 1] et 34
SEC6C
ov ot
*HEE
(2 0]
L, 3l 1+



SUNOH  02*% = IWl1 035d¥3 ‘860 = A *9Z2°9¢ = X *AYYANNOY OIHIVIY *QIddDIS Ave

862696 0000°1 009€ "0 16°02 FRANE ] LETIEY £2°6 18°0 y9ZEY EQE6- #&"0 T 9% 921
B616°96 0poo*t o009t 16702 LZTiy LETIEY £Z2%6 180 ¥y 2ZE9 S E6- EL"1 Q"9 $21 ]
L6296 000" 00%¢ sg8* 02z gI"LYy L HEY 12°6 LA A ¥6 "599 ES"EH- Le*2 LE*9e . oI
FA.TR Ad 1) Q000" 1 o009t "0 6L%02 s0%i% QI EEY 0Z*s 1 68 °BEY [ 154 1 5 2T e oy 9t €21
L62L"YG ooo0"1 009t *0 €Lto2 0oLy 9% 1te 816 LT 91"91L £ CE- [1-34 3 *» ¢ (148
S6ibes 0000° 1 o09¢ *0 Le°p2Z 16°9% 0B* 62y 91°6 BT 20wyl £E5"E6~ 2Ly 69" 9 1zl
96ZL °EL 00001 00%9£ "0 192 0z Za"9y v1°8ZYy %16 11 o1*isL E5TE6~ iL¥°s ES°9¢t [ -4
b T2 b1 0000° 1 009€ =0 60T L9y LY 92y El°s €L "0 le"iys ESTEb- (444 4 RE"9€ 11
S62L716 o0o0*1 O09E "0 802 ¥ 9% 09°%2% 11°6 EETD QZT8EL ESTEE- 6= E9° 9K Tl
$616°06 o000 1 009c 0 2y 02 ST 9% |1 88 T4 60%6 €L 0 9 LZL EE kb- i L9*9E 111
§622°06 €000°1 009€ 0 sE02 112040 1y ip*s £€°0 QI LlL CETEL- 9% L9 "1

r6ivTee 0000°1 009 “0 &2 02 FE"9Y IL* 61y sC"6 Z¥°0 60604 LS E6— 12°s L9t (191



1+18" 1o
PR M )
CLER*qe
CrE0"2Z6
iwgé=e
LFGE"Zo
Fals?e
Lo L4 )
0Eeg*Ze
L1104
Lesl®ed
qTiE*En
IFEY"ED
09%9 e o
GHDR "E 8
bLEETES
168146
*BOLI "¥H
8299 H6
LI YE
g6l "%6
COSE*YE
2621794
[¥4:Ta1.]
[Y-14 T ]
DHZ9*Lb
OLEL"G6
2959666
99ET %6
690E"96
Siiv"98
2B%9°96
51896
206698
*91%L6
£E9ZE"Le
0999 ib
»099"L 6
o9t8~Ls
&E296°L6
¥oEL"Lb
fL95"56
ETSa "t
rivl"tb
€46 G
OBBE*B6
SEHE°BE
s*10° 66
GEEITLE
CH92°la
CEBB*9E
Sy15°96
SO6ET*96
Z09L°s6

TRN])
HJIL3d

F666°0 4080
R6OEH*D S0%F "0
650670 FOSE "D
e566°0 T1SE"0
b686"0 fISE"D
o000" 1 SI6E°D
000" 1 i15€"0
oco0" 1 0Z§€*0
o000 1 ZZse "0
00Q0" [ *25E°0
000" 1 9Z5€*0
0000 1 62¢€"C
0000 "1 TESC "0
0000° 1 fEsE"0
00Q0"1 YESE"O
0000~ 1 gesE"0
o000 1 Owee"0
00001 2eSE"0
00001 SysE "0
ogoo*=Y L95E"0
aooo"1 GHYCETD
0000" 1 26%€"0
ooco*1 ¥55€°0
0000" 1 GSE*O
0000* 1 695€°0
oocor1 198670
0000°71 E95E"0D
ooco*1 99S£ "0
00001 996E "D
0000* 1 0LSE“D
Q000" 1 £LS€E"0
0000" 1 SLSE"D
o000"1 LL5"0
ovoo“1 08%€ "0
o000~ 1 [£ 310}
0000 1 ¥8SE"0
00001 L9SE"0
666670 686€°0
656660 26%c"0
68670 »65€°0
L6660 SE0
[4:1.1T 2 ¢ H65€ "0
*686°0 o09e "0
»186°0 66SETD
ZE06°0 S65€°0
22660 Y64$€°0
00001 009¢°0
00001 009E *0
0000°1 009€ "0
000" 1 DO%E 0
g000°1 009E "D
0000" 1 009€°0
0000° 1 00%€ "0
ISSATINOISNIWIOY
s Wi

SIONY Q°0S= ALIDOTIA ONEM

ELFEZ/T atwd

02
9402
w0
6¥*02
15707
ZetoZ
€80z
$6°02
¥5°02
18702
6s"02
ooy
19°07
£9°02
¥9° 02
970z
L9*02
8902
[T 14
| 514
ZL oe
slo02
sito02
9L*02
8i02
64%02
08-02Z
80z
130+ 14
s8+02
L L 14
L9 02
69702
0602
602
602
5602
9602
L6702
8602
56°02
6702
oR*02
¥9°07
§9°02
€60
[ 108 ¥4
oo=12
16702
w502
16°0¢
e9°0z
§9°02
i8°02

tid)
LHO1 3N

199 LT %I
£979% 8342y
S99y WO G2y
L9 9% LE M 14
69*9% Ll A T 1)
TL"9% [ A&k 14
£L*9y Y5 92y
SL°9Y 0692y
LL"9" LIl ¥4
6L 9% Z9'LEY
TR 9% 86" L2y
EB"0Y EE 9Ly
[ 1A d 69°92y
LE"9Y 067y
609 v 6y
16*9% PR T4
[{ 34 1) €TI0ty
SE*9¥ (3 013
L6"%y 9R°0%y
&B*9 ZT 1EY
10" 4y I AR (3]
0Ly " 15y
so°Ly [6* 264
Loty B9 2EY
60 LYy GOEEY
1LY Y TEY
ET"LY GL*CEY
| 25 8 [ 1% 4%
L1%1s v Ed
(A AF82 48°EY
TIZ2°LY STTSEY
€21y T CES
| 1A 8 109"
LI*Ly GE*9EY
bTLY LAY
1E° Ly 01 LEY
EE" LY YT LEY
e LY A" LEY
LET LY CST8EY
HE*LY Lo o 142
SE°LY Y6 LEY
BO"LY DI*ELy
Le*9y 1112y
'3 A ] 79629
LY R4 L) ER"0EY
DE*LY L2844
E¥° LY oY LEY
BE" LY 09 *#EY
SETLY 6L LEY
0E*LY LE*DEY
9T LY L1°9¢y
2Ly PESES
L1ty YEOHEY
9T LY 2T 9EY
(Sds) 114}
galds H19N31
t ‘NIN 2°0%

SAONX 08 = R

or°s
11%s
116
Z1*e
216
Z1*6
€16
£l*s
£1%6
I8
176
§1°
s1%6
§1°s
91"
91°6
L1%6
L1*é
t1*e
816
816
B81°6
&1%s
&1'e
[
02*e
0z*6
126
1276
f.rad )
[ 5]
ZZ%6
ET"6
ET*H
ore
Z'6
L7
§2%6
$Z°6
c2'6
[ 52 ]
DZ*s
[ 1843
91*6
126
926
9T"s
Ll
LAt
¥2%6
€6
[ 1A
L
EZ*6

12as}
a0Iv3d

L2 A |
(4 A4 ¢
(25 |
99T
85" 1
sL°?
9% "5
"] At
1] g 1
L1t 4
(34 §
91"1
€11
26°0
wi*l
1*2
s0°2z
-1 o 4
66°T
L0'c
90°€
[ LA
&e"0
L2 §
sE€"1
¥0*Z
69°1
¥6°7
1642
£0°c
4 A |
88"t
"6 "E
&¥"9
1144}
9L
°1°9
2101
so=1T
L1921
4 21
BS"11
oL2
Fi kg
1 2+
9i*0
#9°1
¥E£"1
SE*EL
Ly~ Q1
0s*1
1
560

t1NIIY 3
418 XvW

= g3l§ IWIL WFILIN]

SAvd

]

‘y

ET"EvE
Qs *lsE
€6 95¢E
[ 18 114
€970y
2L EEY
SE"VEY
Sh°oly
T1*15y
15°9%+
6T 09y
86 L9
Y1°iiy
(T4 44
LZ°60S
8126
QT 0¥s
(-1 Ad 141
1§ °69¢
EZY9S
RI“ESS
0L°%is
0"Zes
1L°665
W LLS
0s"Lés
96405
€T 6465
VA ad13
¥Z 945
LLviLs
69°E5§
61%0%S
£E€"10§
LT a1 34
Qe 19¢
L 6Iy
19*10%
95 "c0v
iEERE
98 *¥9¢
zZ et
L9602
8T8 1
Yy 161
1z sz
65"€L2
£6"14¢
o ZEy
L s0s
Li"2v%
Z0"Lis
T¥*019
halmidy

{14}
H143G

*ON Avy 175335 276

¥3INNT

SET"EbH~
$5°56-
S5 6
$STE6-
S67€EL~
[ 3%t 1.1
$5°C6-
$6°E6~
s6-€6~
§6°E6=
S E6u
1 3 3a 1 0
$$°£6-
$g°€6-
TR TS
S5 S
$6°¥-
$6 K4~
S5 Ch-
$6 Cb-
$6°€6m
S5 €6~
SETELH~
Tl
56 €8~
£5°56-
SE"CH~

AT

$ €6~
Tl -
56—
§5°€6=
1 13 1.3
$5 €6
$E E6-
ESELH~
SeTELH~
SR El-
SR Ebh~
$6°€6-
SLot6-
YeTE6—
08" €5~
R ELH-
L~
05°C6-
€5 €6~
€S E6-
ES €6~

€6°Eh~

ES"E6-
€5 €6~
ES ELH~
€6°E6-

1230)
3TINY

=i
[ 10 J
[ F4al -1
E0*01
aL*o1
ES°T1
2zl
20"ET
LLTET
26°s1
Ftad!
091
1491
P i ¥4
frad 3]
"6t
.96t
183 T4
a1z
1022
oL"22
162
L4 L
10782
LIRS T4
08°Y2
sT-12
o009z
£1°82
[ ¥4
$T0L
D0*1IE
s1°1%
08 "Z¢
*2%E
[1.54 13
LT [
6% SE
$Z"9€
$6°9€
L7 & 14
-1 g 13
TTZ 6E
L6"6€
1L"0%
Laalts
12Ty
6% 2
IL €Y
9wy
oz G
SH"GY
oL*9%
5¥"LYy

in9g)
A

15v0)

SI°06 %
02°04 €3
s2°0% 2
b0y  1s
yE*O¥ 0s
GE"OY &%
2
g0y 2y
E5°0% 9
15°0%  S¥
790  wv
oo )
1eos  Zv
w0y 14
08°0v v
ss°0v &6
06°0% %€
ooy Ut
s6"0v 9%
v Tv St
801y o
E1°ly €€
S1°tv €
Zz°1v I8
LTt 0E
"1y 62
Lok I T
W Lz
Ty 9F
e ty  §2
SS°t ¥
bS"ty €7
'ty 22
T 12
EL*Iy 02
BTy 61
E8°lv 01
[4 A 8 ) [3)
25°19 91
6*1w <t
10°2y &1
902y €1
ey 21
c1°2s 11
0Z*zy 01
A A
622  §
EE*2Y 4
BE"2y 9
Ev* 2y s
Ly v
Zstee €
%2y 2
vz 1
n9)

x iN10d

= Ouiddd "1 *NN i3S

JUTHSIWYH M3N



SANOH  %8°D = JWll 03S4¥IT 401 = A *HITEE = X "AMYANNDY 03IHOVANY *034d0LS AVY

055974680 £E66°0 bl 0€*02 RE"9y ZE*02e 0" ha d ] i9°6i2 aG°€6- vo"1 yL HE *0
CLERTED £aL6"0 4940 0E*DZ gE°9y 202y 06 L i ] °6LZ §9°E6- v0"1 h 313 (%]
TI*1"06 Y8460 SRY¥E "0 E°02 [4 2t 3 €012y 10 ) 1£°86 o tae SSTE6- [T 1 bivee (4. -
€IRT 06 1666°0 68¥E"0 YE"OT "9y |3 4l €44 10*8 20°1 Z€ “E0% SSEE- ¥5°7 £E9°6E 19
SE1v»-0& 066670 T6vc "0 L1 14 b da L €L 12y [ Lihd -} 69" 0 E¥y*2Z0E % E6~ [T 3 LA°6HE o9
TELS 006 086670 Ea%E "0 LE"OT 9y 40 ZTy 0% 92 €E"10E SE"Eb- 0"y Z6°6¢ 3]
2921706 0&66°0 SHHE "D €02 0594 (2 o 74 0"8 itz 617€0¢€ SE°E6—-  &L"y L6 HE LA
[ 32113 16660 LE6%E"D 6€*02 €679 0622y &0°6 181 ig"»0¢ S§7EL- 45%¢ 10°0% is
w116 [X-1.1- 2] bEYE "D T¥* 02 95"y GE“ETY 606 s 1 £4*91E S5 €L~ 6Z°%9 90° 0% 9%

GO0fE"1h §666°0 4413 Al ] 13 M 14 s 9y 0" ELY 01°6 0s*1 £6°0EE S§S°E6~ 0L 1°0% 5%



iopetil 1E66°0 QEET"D 4 At ] 199z L1l 144 1Z2*% 08~z 0*vL #1792~ [} b 44 $9°29 L]

e162°21% *9L6°0 £9¢1"0 sE°e 6L"92 [ A LAY ez*s i1*0z2 96 9% s1*9l- 19°€2 19* 29 €%
SGET"EL CLY L0} SoE1 "0 11 3] |3 98 ¥ LA A A BE"S [ X4+ 4 o 29 675l  ¥E"NT gZ°29 %
B2%9°E1 2686°0 icel0 09°8 9L £E9°0€1 s 06"9 oL PG Z9°¢L- lD°%2 o179 1%
086" w1 86i6°0 09¥1°0 €60 s0°82 (1541 €5°¢ 85%61 L7869 L1*si- o09°6Z 16°19 0%
69¥5°61 8286°0 S6%1°0 916 -8l 4191 L hAd EE* Ll zZZ 1t - S@tel- a9z = &Y
sLi9=9t 6LBE"D %S0 b 'FAd T4 133 L2 $L°9 69°s1 0y "08 L 9L~ Lrztie 1519 ey
9884"L1 ¥166°0 94510 *l”6 99562 9% %L1 s8°% 6I"21 b il 1) €9°vl- 0O07RZ 1E"19 i
s695°81 £166°0 2910 16°01 oZ*0¢ 0L°8L1 6*§ L1 AN %€ 16 LS*el- €192 1118 9
Byi9*6l s0e6"0 14910 61°01 (L od 14 o1 ¢cet 109 623y 1 o2 el ov*wl- 9¥62 16709 Sy
cLoo"12 4ELLT0 s2i1"0 4701 LE*0E EL*88T 11°e ¥1*91 63"+l Zi*oi- BI 0% tL*09 by
200t *€? @60 S89L1%0 €401 19°1¢ S1°861 6Z°9 61°91 SE*YL €S €L 160 05709 11
1622 isi6™0 LSBI"0 12°11 §§7¢CE *§7 802 9 ¥t Ta*v8 BRTEL~ ¥9°IE s2°0% E4
leed=ie ¥eit®d LESGT"D #9°11 92°EC 0% *e12 659 oLy Ze*oe 16°€L— Le"2¢e 009 . 14
1Zev"0€ Z0is"0 yZoZ"0 o1*21 w0yt T"0c? 219 8ze2 iy"ig 00" wl- 60" tE 18%6¢ o
bi 111 19960 121z o &8 21 E6°¥E $9°1¥2 46°9 Z"2 EL BB T l- 14 ha 11 99°89 &t
SeeZ L 2196"0 0£ZZ"0 €1*€1 L9°5t BE“HSZ 1L 00°L |15 ) ] GE WL "% ye e 6S [:13
LyS6"TY ¥956"0 IRETT0 *i€1 297 9¢ LU x4 €71 1e"9 az=os TLTwl~ [ ¥ad1 97*&¢ L€
Zvvc iy 055670 869270 Lyl ¥rlE 12°062 §9°¢ 56°¢ 9s"56 A1°6l- 00°9¢ L a1 9€
16£6°9% €9%6°0 9900 Ll ] ¥ &8t $2791¢ f6°L oL"® €¥ 501 €9°6i- EL"9E L1885 114
6981°2Z% 609670 YSRZ 0 ¥ 51 Z8°0% GLTEEE 819 EL-el €0"9L1 2191~ P LE 69°Ws ¥E
EZBL*LY 9561670 SE0€°0 LS8 A BOTIYE 6E°8 (4 At 13 06" L5 01°LL~ LI°8€ (138 41 ££
¥ ER LS [LZ26%C ESTE"D WLL 1i~os L9°0%E 698 6 9¢ 66”98 L0761~ 13- R -1 LE"RS 41
6Z¥D"EL ZE16°0 €E0¥E"0 1£°81 ¥EULE 9 12¢ 298 T6"4€ £9°E9 a8 Ze- 6¥"6E iz 6% 1€
1648 °wi By l6t0 905E°0 &1°481 (208 A 69 *EEC 198 1521 e0"oL 6b L0~ *I"0% ZZ e ot
950S°9L £916°0 0vSE "0 L6 81 L a0 11 §6°0%E s T8°11 Tyl LI°Z6— 0B8°D% ZzZ ey T4
Y66 700 SEZ6"C SESE "0 1061 -1y 21°2%9¢ Ze°e 15*9 £0°88 ¥ 98-  AH¥" LY XAl 11 [ 14
oTZY"14 L2960 RISE"D »*6l Lo 2a 3 FA DS 11 SE*R 9z sl EL"8TY LA Rd 1.0 12° 7% [4A4 49 12
186210 LUS6"0 Y0 561 0" vy TZT6EE »"e L9"ET 69 ZE1 LL %6~  H6°IW [13 14 L.i4
€ERIS"6L  0596°0 L 78 561 w ey YT LRE 6L"E LI°LY B676E1T [ Fad 4 2 L9 EY A A 0 11 T4
£631°T0 z196~0 LE¥E"0 €61 LT By 2ot ie*e sZ°01 LL*9€l E6°E6— 0" Yy 05" 05 2
16€9 9 teis*0 Heve €981 6 ¥y 9Z*00% 1678 13 aF 5961 OL"Eb=  »1*%Y $STRE £z
TLEZ SN $616°0D S9E"D - 4d*61 g5 L LA~ L sb°8 &L"9 see Lt G EL- GRS 65" 8% w
ETE0"59 9860 199€ "0 ge-sl E9T5Y 5" 804 %8 &0°L &L 601 FI*TEL-  EDTIY .9 85 12
6 60 ¥896"0 L99L D 18°561 Lo 2 Lo L i6"8 9" 0¥ L&T ZHTESH- oK Ly i9°8¢ 0z
29999 19860 Tivc“g 61 f1°5 19°01y 69 ¥y 1L*961 Ty EL— 219y €L"8s 61
MWET Le 69670 WYE0 =!wor 18" 5+ 1e-Zly 00°6 LE*Y oz o ¥ ELH-  Ll@TtEe iiveg a1
*105°L0 80640 8vE "0 00T [ 1. 24 ] SL ETY o0°6 €09 #2602 "4 EL- Z9"6y F4" b 1 L1
ZeUeT LN stée™0 Al 2102 . 20Ty 16°91y Z0°6 16" 00 El1Z 05 "E6— e T0s 98 8% 91
SEZT"N0 YEG&"D Se¥E "D o102 209 I9°S1y 0" 19°9 SE*eZ2 ¥SUE6- 1t-1s 16° 8¢ s1
SEOT 08 660 £845°0 Livo2 0194 M sty 206 L9 eE"922 95" s~ LR £ 96" 8¢ *1
498608 19660 SO¥C "D steoz SI"9 091y £G6 SZ*¥ Le*922 LS5"€E6~ 19°2s 00" 6% €1
[ PR Rk 1) LS66°0 ERvi"0 it+o2 -3 84 2 L™ LT £0°6 [ 44 2 0¥ 192 LSTE6- GETES §0°65 14
*LiL"8%  0964"D W0 2Z"02 12°9¢ 5Ly 06 62°s LE ST PLUES- 0TS -2 5811 11
S "08 9660 PRYE "0 €2 0z Ladt sl FL"1IZY "0wee La S LE" 167 SETEE- 11 B 14 1766 01
60657086 oooD*1 005E°D [ 13 1 [ 3 €z Iy $0°6 26"y ¥ECLSZ . 85°CEH~ 09°§6 -] 34 17 &
Y0¥ 06 0000"1 00sE "o LE€"D2 Ly oR*1Zy 806 *i*z 0692 SE'E6—  SE*YS £€2° 0% ]
6517°06 00001 00SE “0 $€°07 . Ev'9¢y FE°TIZe 106 £6°1 EASFY t4 SGEe~ O1°LS 82" 6% i
¥820°06 0000”1t DOSED £E°D2 §¥°9 S6*0Zy 106 16*1 1082 CSTEL= |1 S 11 EET 6% 9
[l e ] 00001 00st 0 ZETOR 0 9y I8 02y 90°6 £ET°1 mw e SC k6~  09'6S LE7 068 s
»ESPT LS 0000" 1 00SE "0 pE*OZ 0E" 9 6102y 906 062 oo oLZ GBS~ PET6S 2y 66 L4
659" 60 oo00°1 DOSE*D 5Z2"02 L9y LAl 384 $0"6 182 99°9L S5%€6~ HO0°B9 L1468 4
¥0iZ2748 0000° 1 00st ‘0 L2002 EE°9Y ST 61 sC°6 sL°e 1z ese S6°E6= 209 15°68 2
699069 0€*02 *y oy LT Al €4 10°0 (L s ¥4 §8°66~- GE"19 505 1
InN) (SSIWMOISNINID)Y tid) 15dd} - {Ld}) 1238} 1iN3DI¥Id]) (¥ L] 19201 noy 11}
HJ)3d 11} L 2] AHILIN 03348 LIELED onTu3d 410 X¥YN Hild3Q ATINY A L INIOd

$10NY 0°0%e ALIDOVIA QNIM  * "NIN $°¥2 w d345 IN1L IWILINT ‘v *ON AYY *°S23% 10%6 ~ GDINde ‘T “Ow 13§
€L/e2st 3iva S10M% 8% = N NI SAWN WINNT  WaNNl - AR . AANEHSdNYH NIAN



SeNOKH %970 = Jpll 03543 SIS 1T *=a4  4£6%49 = X "J4OHS GIHIPIH ‘03I44DLS AFE

6%0E "9 98511 £@80"C 6%"9 *1°8 -1 013 FA ) 1L "E651- O2*0- 0¥°%h- 15°11 €E6" %9 1L
9EZ9 "y a9s1"1 €990 0 -3 Bl ¥1°8Q 68" 2¢€ 20"y By hel 81"z 0%*CH- 12°11 E6™»9 0L
A T4E A ] 695&°0 0Ze0 "0 $9°% 9v"f 1 05°%8 §Q0° |1 Rl 4] 1L°3 £0"68- 00*21 $6" 99 -3
LT A T4 11670 ¥960°0 $9°% *9° LY L ed 81" Z0* 12 2L°€l EL7 B~ £9°21 16% 4% &89
89109 1£726"0 40010 £6°% 87702 [ 3441 Sty [ A ] EE"IZ 66" TH- el [3: AL L9
§608°9 Ya¥6 "0 2s01°0 1£*9 60"¢2 81766 byTy 12=8 [4: 01 13 €e0*08- LO"HT [¥ 54 L 99
Tets*L 65960 28010 299 990°E2 £0°%01 9y €0°4 F4 A3 % ZL 8L~ 18"41 L5"%¥0 59
Zgsb"L 19L6%0 a111*0 i19*9 TL €2 ¥1*111 69"y L1°e s0°sy e L~ 58751 F4 0l 1) 3
»0%€ "0 9c86°0 yell®0 10°L LA 5 14 ¥ 41l Sty 061 §2°15% S li- 62791 92 49 £9
%965 "8 6¥86°0 91170 [ SE"¥Z *$So 91T 6L"Y 9y"s1l 20°€s S0 Li- 20°L1 01"%9 9
29%6 “8 20860 1811°0 CE"L o I b9°B1T AL 89 el $9°0s 8BS 9L~ sL*il Z6"E9 19
908t "6 ZZee"0 »021°0 FA 0¥} 68782 66°121 Lil-0d ] 10°+1 - BE"ES oL 9= BeTHI SL°§9 09
050L°5 18860 22210 is"L 1Z*c2 9L YT S6 "y e8"e 9L°65 9g°6l- Zg'el 5T 65
21e1701 LYS A 5210 69°L | S5t T4 1oLz 10*s 11 0] 0z°09 6L%G1- 56761 25§95 e8s
vZ6°01 6R86"0 $921*0 Y@L 26°S2 08°DET io*s 19*tE L9 Ze%el— 8902 &1*¢f9 is
002011 689670 EEZI°D a6"L L1192 6E"¥ET £17s S$1*0€ 9z*59 Lo si~ T¥*12 in*es 95

gebv 11 EZ26670 ETET"D 91*e [ 33 14 LR 0z*s | L 2 X4 D=eL ZU"9L- stz £tR*29 $5






