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PREFACE

This report describes methods for predicting wave transmission coef-
ficients for permeable breakwaters using a transmission by overtopping
equation together with the analytical model of Madsen and White (1976).
This technique has been tested with physical model results for nonbreak-
ing and some breaking waves, for monochromatic and irregular wave condi-
tions, and for riprap and some concrete armor unit breakwaters (Seelig,
in preparation, 1979). The technique was found to give useful predic-
tions of transmission coefficients for design. The work was carried out
under the offshore breakwaters for shore stabilization program of the
U.S. Army Coastal Engineering Research Center (CERC).

This report was prepared by William N. Seelig, Hydraulic Engineer,
under the general supervision of Dr. R.M. Sorensen, Chief, Coastal
Processes and Structures Branch.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166, 79th
Congress, approved 31 July 1945, as supplemented by Public Law 172, 88th
Congress, approved 7 November 1963.

ED E. BISIHOP
Colonel, Corps of Engineers
Commander and Director

Aciession For




CONTENTS

CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI).

INTRODUCTION . . . .

WAVE TRANSMISSION BY OVERTOPPING .

III WAVE TRANSMISSION THROUGH PERMEABLE BREAKWATERS . . . . . 9 E
IV EXAMPLE . . . . . . . . . « v v v o v v v e .o . 10 -
APPENDIX LISTING OF THE COMPUTER PROGRAM MADSEN . . . . . . . . . . 17 ?
TABLES
1 Porosity of various armor units . . . . . . . . . . . .. . .. 9
2 Kinematic viscosity of water . . . . . . . . . . . . . . ... . 10
3 Format of input information. . . . . . . . . . . . .. . . ... 12
4 Sample input . . . . . . . . . 4 . . e e e o 0w s e e e .. 14
5 Sample output . . . . . . . . . . v v e i e e e e e e e .. 16 1
FIGURES

1 Definition of terms for wave transmission for permeable
breakwaters . . . . . . . . . . .. 000 0 0 e e e e e e e e 8

2 Observed and predicted transmission coefficients for a 3
rubble-mound breakwater . . . . . . . . . .. . o oo .. 11 :

w

Example breakwater . . . . . . . . . . . . . . . . . . . ... 13 |

4 Information required for (horizontal layer) example breakwater . 15 !




CONVERSION FACTORS, U.S, CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

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

Multiply by To obtain
. inches 25.4 millimeters
2,54 centimeters
square inches 6.452 square centimeters
. cubic inches 16.39 cubic centimeters
feet 30.48 centimeters
0.3048 meters
square feet 0.0929 square meters
cubic feet 0.0283 cubic meters
yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters
miles 1.6093 kilometers
square miles 259.0 hectares
knots 1.852 kilometers per hour
1
acres 0.4047 hectares
foot-pounds 1,3558 newton meters
millibars 1.0197 x 1073 kilograms per square centimeter
ounces 28,35 grams
pounds 453.6 grams
0.4536 kilograms
ton, long 1.0160 metric tons
’ ton, short 0.9072 metric tons
degrees (angle) C.0174s5 radians |
Fahrenheit degrees 5/9 Celsius degrees or Kelvins!
1To obtain Celsius (C) temperaturc readings from Fahrenheit (F) readings, ;
use formula: C = (5/9) (F -32). '
To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.1S5.




ESTIMATION OF WAVE TRANSMISSION COEFFICIENTS
FOR PERMEABLE BREAKWATERS

by
William N. Seelig

I. INTRODUCTION

The primary purpose of a breakwater is to reduce wave encrgy in an
area to be sheltered. One of the important characteristics of a break-
water is the magnitude of the wave transmission coefficient, defined as
the ratio of the transmitted wave height to the incident wave height.

Two basic types of wave transmission are: (a) by overtopping that
occurs when wave runup exceeds the crest elevation of the breakwater,
overtops the breakwater, and generates waves in the lee; and (b) through
a permeable structure that occurs because some of the wave energy is not
dissipated by the breakwater and is transmitted through the breakwater.
The total wave transmission coefficient, Kp, 1is given by:

Ky =/(Kpo)2 + (Kpg)2 = Hp/Hy (1)
where
KTb = transmission by overtopping coefficient '
Kpe = coefficient of transmission through the structure
Hy = incident wave height g
Hp = transmittcd wave height
These and other symbols are defined in Figure 1. ]

Since the prediction method is complex, particularly for transmission
through the structure, a computer program is presented in an Appendix to
this report. The program incorporates the analytical model to determine

Kpz by Madsen and White (1976)! and an empirical equation to determine
Ky, developed by Seelig (in preparation, 1979)2.

IMADSEN, 0.S., and WHITE, S.M., "Reflection and Transmission Character-
istics of Porous Rubble-Mound Breakwaters," MR 76-5, U.S. Army, Corps of ,
Engineers, Coastal Engineering Research Center, Fort Belvoir, Va., Mar.
1976.

2SEELIG, W.N., "Two-Dimensional Tests of Wave Transmission and Reflec-
tion of Laboratory Breakwaters,' U.S. Army, Corps of Engineers, Coastal
Engineering Research Center, Fort Belvoir, Va. (in preparation, 1979).
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Kp =o/(Kpo)2 + (Kpg)2 = Hy/hy

Figure 1. Definition of terms for wave transmission
for permeable breakwaters,

II. WAVE TRANSMISSION BY OVERTOPPING

Wave transmission by overtopping occurs when wave energy is trans-
mitted by flow over the top of a structure. The transmission by over-
topping coefficient can be estimated using (Seelig, in preparation,
1979)3:

Kp, = C (1-F/R) (2)
= 0 for F/R greater than 1.0
where
R = wave runup
F = breakwater freeboard, defined as the structure
height, h, minus the water depth, d,
C = an empirical coefficient
(Kpy)max = 1.0

Laboratory tests show that the value of C 1is related to the crest width
of the structure, B:

C = 0.51 - 0.11 B/h . 3

Thus, a slight decrease in the transmission by overtopping occurs as the
structure crest width increases.

3SEELIG, W.N., op. cit., p. 7.




Wave runup is estimated using the formula (Ahrens and McCartney,
1975)4:

R | _ac

where a = 0.692 and b = 0.504 are recommended for rubble-mound break-
waters and a = 0.988 and b = 0.703 are recommended for a breakwater
armored with two layers of dolos. &£ 1is the surf parameter given by

£ = _tan © (5)

where 9 is the angle of the seaward face of the breakwater, and L, is
the deepwater wavelength obtained from linear wave theory. Calculations
of wave transmission by overtopping are performed automatically in the
program MADSEN (see App.).

ITI. WAVE TRANSMISSION THROUGH PERMEABLE BREAKWATERS

The cnefficient of wave transmission through permeable breakwaters,
Krt, 1is estimated using tne analytical model of tadsen and White
(1976)5. In this model the transmission coefficient is related to a
complex function of the size and porosity of the materials used in
building the breakwater (Table 1), the breakwater geometry, the seaward

Table 1. Porosity ¢f various armor units (after U.S.
Army, Corps of Engineers, Coastal Engineer-
ing Research Center, 1977)6,

No. of
Armor unit lavers Placement Porosity
Quarrystone(smooth) 2 random 0.38
Quarrystone (rough) 2 random 0.37
Quarrystone (rough) >3 random 0.40
Cube (modified) 2 random 0.47
Tetrapod 2 random 0.50
Quadripod 2 random 0.49
Hexapod 2 random 0.47
Tribar 2 random 0.54
Dolos 2 random 0.63
Tribar 1 uniform 0.47
Quarrystone graded random 0.37

“AHRENS, J., and McCARTNEY, B.L., "Wave Period Effect on the Stability of
Riprap," Proceedings of Civil Enginecering in the Oceans/III, June 1975, pp.

1019-1034 (also Reprint 76-2, U.S. Army, Corps of Engineers, Coastal Engi-
neering Research Center, Fort Belvoir, Va., June 1976, NTIS A029 739.
SMADSEN, 0.S., and WHITE, S.M., op. cit., p. 7.
6U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER,

Shore Protection Manual, 3d ed., Vols. I, II, and III, Stock No. 008-022-

00077-1, U.S. Government Printing Office, Washington, D.C., 1977.




slope of the st.~icture, water-depth, wave height and period, and the
kinematic viscosity of water (Table 2). To use this method, waves
should have

1.25 ) (6)

d

— g et

L VHI cot? 8
where L 1is local wavelength.

Table 2. Kinematic viscosity of water.

Water temperature Kinematic viscosity of water
o) ____(m%/s)
0° 0.0000018
10° 0.0000013
20° 0.0000010
30° 0.0000008

The Madsen and White model was tested against laboratory data for
permeable breakwaters (Seelig, in preparation, 1979)7 and was shown to
give useful estimates for both monochromatic and irregular waves. For
irregular wave conditions, the wave input to the program should be the
mean wave height and period of peak energy density. A few tests with
breaking waves suggest that the prediction method can also be used with
breaking waves. The Madsen and White model appears to effectively
accHrunt for breaking wave energy losses, although it does not explicitly
include breaking. Tests of breakwaters armored with dolos units suggest
that the program can also be used for artificial armor units. Compari-
son with laboratory data shows that the model gives the best predictions
for shallow-water waves. Predictions of transmission coe{ficients tend
to be conservative for transitional or deepwater waves. Refer to Seeclig
{in preparation, 1979)7 or Madsen and White (1976)3 for more information.
Figure 2 shows a comparison between wave transmission coefficients ob-
served in a laboratory model and predicted using the methods described
in this CETA.

Iv. EXAMPLE

Use of the computer program (MADSEN) in the Appendix can best be
illustrated by an example. The format of required input information is
given in Table 3. Any number of breakwater geometries, water depths or
wave conditions can be analyzed in a single run. The first 53 cards are
a standard deck of look-up (input) tables (see Table A-1); card type 1
provides the number of breakwater configurations or water depths to
analyze. Card types 2 to 6 give required input information for each
breakwater of interest; however, a separate set of these card types is
required when the breakwater geometry or water depth is changed.

7SEELIG, W.N., op. cit., p. 7.
8MADSEN, 0.S., and WHITE, S.M., op. cit., p. 7.
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Figure 2. Observed and predicted transmission coef-

ficients for a rubblec-mound breakwater.
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Table 3. Format of input information.
Card type Format Description

Standard 53 standard input cards

1 12 Number of breakwater configura-
tions or water depths to test

20A4 Title card
312,4X,7F10.5 Number of wave conditions to test
Number of materials

Number of horizontal iayers

Structure height (m) -
Water depth (m)

Kinematic viscosity (m?/s)

Width of top of breakwater (m)

Front slope of breakwater = tan
(®)

Wave runup parameter a = 0.692

Wave runup parameter b = 0.504

4 10x,2F10.5 Material diameter (m) (armor 1st)
(1 card per material) Material porosity
S 10x,7F10.5 Layer thickness (m)
(1 card per hori-

zontal layer) Mean length of each material type

in the layer (put in consecutive
order; e.g., material 1 (armor)
1st, etc.)

6 2F10.5 Wave period (s)
(wave condition card;
one card per wave
condition)

Wave heights (m)

Repeat card types 2 to 6 for each water depth or breakwater configura-
tion to be tested.

Card type 3 gives the number of wave conditions to analyze and sum-
marizes general input information (Table 3). For the example breakwater
(Fig. 3), 18 wave conditions with periods of 5, 10, and 20 secconds and
with heights that range from 0.1 to 2.0 meters, are analyzed.

Card type 4 gives material characteristics, one card per material
and the first card should describe the armor material. The example
gives three materials (armor, underlayer, and core); diameter and poros-
ity of the materials are shown in Figure 3.

Card type 5 is used to input the mean horizontal length of various
matcrials in various horizontal layers of the breakwater. A new hori-
zontal layer occurs when there is a change vertically in material type
or slope and the layer next to the scabed should be designated as "layer
number 1.'" In the case of the example brecakwater, three horizontal layers
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are shown in Figure 4. Sample horizontal length calculations are also
included. Note that when determining horizontal lengths of the armor
material, the outer layer of the armor on the seaward side of the break-
water should be "removed'" first because dissipation of the seaward face
is determined in a separate part of the computer program.

Table 4 gives the computer program input information required for the
example; Table 5 is the resulting program output. The output shows that
predicted transmitted wave height for this example is a complex function
of incident wave height and period.

Table 4. Sample input.

1
EXAMPLE PROBLE™

18 3 3 be0 4.5 00000098 2,82 0,607 04692 045048
MAT 0s729 0,37
MAT 2 0e318 0.37
MAT 3 04092 0.37
LAy 1§ 3,55 4,53 3,80 6,40
LAy 2 7R 4,53 2.5 040
LAY 3 0,e4d? S.25 0.0 0s0

S.0 01

9.0 0.5

5.9 10

9.9 1.5

Se0 1475

S.0 2.0

10,0 0!

10,90 045

10.0 100

10,0 15

in,0 178

10,0 240

20,0 0e!

20,0 069

20,0 140

20,9 165

20,0 175

20,9 2»0

V. SUMMARY

A computer program is presented for estimation of wave transmission
coefficients for permeable breakwaters. Extensive testing of the program
with laboratory data has shown that the program can be used to estimate
transmission coefficients for monochromatic or irregular waves and for
rubble-mound or other types of permeable breakwaters. A limited amount
of testing suggests that it can also be used for breaking and nonbreaking
waves.

A copy of the card deck and more extensive program documentation for
the computer program MADSEN (CERC Program Number 752X6R1CPQ) are avail-
able from the ADP Coordinator at CCRC. The cost of running the program
on a CPC 6600 computer is only a few cents for each wave condition of
intecrest.
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Table 5. Sample output.

EXAMPLE PROBLEM

COMPUTATIONS OF wAVE TRANSMISSION THROUGH A POROUS BREARWATER

NUM OF wAVE CONDITIONS 18 .
NUM OF MATERTALSS 3

NUM OF HMORIZNONTIAL LAYERgE s

STRUCTURE HEIGHMT (™)3 6,000

WATER DEPTH (™M)= 4800 )
KINEMATIC VISCOSITY (M2/8RC)S ,000000930

8w TOP wIDTH (M)3 2,520

TANB QF FRONT SLOPES L6676

RUNUP COEFFINIENTS A= L8092 As S04
MATERTIAL CHARACTERISTICS (MaKR ARMOR MATERTAL NUMBER 1)

MATERIALE | OTAMETER (mye  ,729 PORn3ITYS 370
MATERTALS 2 DIAMETER (mym  ,33s PORNSITVE 570
MATERIALZ 3 DIAMETER (My2  ,092 POROSITYS "370

MORIZONTIAL LAYER CHARACTERISYICS
3 {MAKE LAYER NEXT TO SEABFL LAYER NUMRER 1

p MATERIALE 2 s
HORIZONTIAL LAYERZ 1 THTCHNESS (M)m 3,550 LENGTMS (M)g  d,5 3,8 6,0
HORJZONTIAL LAYER® 2 THYCHNESS (M)s 4780 LENGTHS (M)s U,s 2.5 00
HORIZONTIAL LAYERm 3 THICHNESS (M)a o470 LENGTHS (Ms 5% 0,0 0,0"
HEM) T(SEC) my(GoTSY) NJL D/CGOTST/) KIT K10 1 ‘R N
4 14 5¢00  (0004n8 ;00335 +0196 L3914 0,080 ,391 26 039 :
500 5,00 0002001 01074 0196 L211 0,000 .21 .28 1105
12500 Sea0 s00008e 03329 70196 o149 0.0h0 149 428 149
N 5.00 4008122 L0303 W0196  .129 L0186 134 27 201
1.7%0 Sen0  «007103 005860 00196 o121 L0R6 148,27 ,260
20000 5400 .008!93 -0609’ 00196 4113 L3125 Y1) 20 . 337
1300 the00 4000102 L0121 20049 397 0,000 397 W51 L040
*800 10,00 000510 000753 00069  ,199 0,000 L199 .80 099
14000 10,00 +001030 201507 70049 135 0,000 135 462 o135
14500 10,00 001531 02260 00049 L0989 ,1y5 ,152 b2 ,228
A 10,00 e001786  ,02637 (0049 o088 159 182 .64 318
% 24000 10,00  «002001} 003013 10049 .0B0 193 L209 b4 818
f o100 20,00  «000026 «N0073 0012 o379 0eono L379 .53 ,038
: «500 20,00 4000128 «00387 00012 o184 0,000 .184 (60,092
; 14000 20400 «00N28S «0073S 00012 o125 L010 L12° o170 125
: ‘.soo 20.00 -0003!3 0011"2 000’2 .oqb «iSH .’ez .7‘ .?,3
' 147%0 20,00 2000440 01280 0012 L0886 L1966 214 ,12 1
24000 20,00 0000510 201470 20012 <080 o227 L2601 12 ‘usy

KTY o WAVE TRANSMISSION THRAUGH THE STRUCTURE
KTQ » NAVE THANSMISSION BY NVFRTOPPING COEFFICIENT
KT w TOTAL #AVE TWRANSMISSINN COEFFICIENT

KR o WAVE REFLECTION COEFFTICIENT

N? @ TRANSMITTED whvE HelGW?

SNLS PAGE 1S Bavi - o)) rnaictiitiid

m W! ,;“’l.us;;h_ v xl"\lc j
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APPENDIX |

LISTING OF THE COMPUTER PROGRAM MADSEN

PROGRAM MARSEN(IMPUT  OUTPUT TAPLEZINPUT, TAPEGZOUTPUT,, TAPE §)
COMMUN/ZMALS Y /NMy ML 0L 1) oNETIY ot (13 alt) o TH(IY)

COMMUNZGEEL /NKRL W FS

RE AL NK

DIMENSTON TanE 1y o TITLECP0) o NUIMC10)

REAL LoaMttgm T oMKy NgLE o NQoLL ¢KTOeRTT

DATA NLN/ZL o240 804¢50007,8,9410)

Pi=z3,10159

calLL weany

REAN(H9490) NCOMp

FORMATE ST 244X 077 1045)

hu 209 LIsyenc0np

D OINPUT [HEORWATINN

REAND(Se1T1) (TITIEIMJIMY 0 IgMz1,20)

FORMAT(Z20AY)

WRITE (A1 7D) (TITLE(IIM) ¢ JIMS|420)

FORMAT (1Mt 1AXePNnAY)

READ(NISQ0) NToMuMeNL NS o HUGNU, TOPw, TANR R A JRB

FaHyenil

TF(RALL,0,) RAzn,h9?

TH(RR LE,0,) KBz ,504

WRITECOe9T71) NTgNMobhl g uSoHD ki1 TOPwy TALK RA MY

FORMAT(/ 4 10xetrUPLTATINNG 0F wavE TRANSHISSIUMN THyousH 8 PORONS
5 BREAK#ATERI ¢///¢5%0 Y NF wlVE CUMDITIUNS ' g12Rel34/7¢5%,
OINGM OF MATERTALSE a1 70 e8¢/ ¢80
& ENUM 0p ORILUNTIAL [ AYFRSSY (AX0 1%/ ¢eSX0 'STRUCTURE METIGHT (M)
PV 4bX b 1N/ 9Sxy " AATER NEPTH (12 g IXeF1043¢/05X 0
EIKINERATIC vISCOSITY (M2/56C)=taF 11,490 /eS5%Xq 8w TOP wIDTW (My=1,
$LOX0F{Mode/eSXa!TaNs UF FRONT SLOPEEZ e 9KebBele/ehXy RUNUP CUEFT IC]?
*ENTS 83 'eFb, 301 HB314Fp, 1)

DO 99 I=xztyty

PO 98 J:‘.l‘

LL(IeJ)=n,

CONT INUE

WhITE (A 281)

FORPAT(HXy 1MaTERTAL CHARACTERISTTICS (MAKE ARMOR MATERIAL NIMRER 1)
$1,/)

00 6 131NV

READ(Ke7) DEIYoNe]D

FORPAT(IOX 7K N, &)

WRITE (601 T7T7) ToDCIVYeN(T)

FORMAT(OHX o IMATHRTALE 3 T84t DIAMETER (MYZVeF 6,30 PORDSITY=' b p,3)

CoNT ] 0t

WRITE (hel2Ba) (NUW(IM)y 118y ¢ )

FORMAT(/ /708K a tHe G ZunT AL LAYER CHANACTERISTICS ' o/Ze5X,
SH(MARE LAYFR AFEXY TU SEAREN LAYER NUMKER () le/,
* SPxetMaleRraLs Yo7 a8%) 00630 ,601208X)07)

DO 38 Jzteng

HEAL(SOT) Tt o (L T o )elE]erM)

WRITE(6017A) Jetu(d) oLl (]ed)s Ry NM)

FORMATIOXy tHORIZONTIAL LAYENZ 1 13,1 THICHAESS (M)Z1, Fg,3¢1 LEAGTH

SRS PAGE 1S BESY QUALLYY PRAGTI¢ s st
PROM (@YY pisu: w20 0
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33

94,

22

S (M) 0 TFA 10/ A0XeTHga1)
CONT IMUE

NMaNMe |

RENM)aN(L)

N{NM)g0,01

NLESNLe

THINL)SINOADNOO,
LLENMM Y3 ()

wRITF(&e94U)p)
FURMAT(//0 oXy'r(M)  T(SEC)  H/(GETET)  HW/L 0/7(GeTey/) k17
¢ KT0 L8 ] KR LANEED]

DO 199 [K=stNT

READ(SIB) TyM
FURMAT(2F1n,5)

ASHED S

DR=D(1)*0,5

1F (AL Tonenpnnt) GO TU §no
THETARK LE 0,) 6O TO 39
CALL PEFL{AGHSO D1 MU TANR, T, HIT,RUL)
AlzRI*4

DHT=2 #hi)sa

IFLatk=0

C ASSUME DME2DOMY anNp ITERATE ON THE QUL IVANT BwW

10

37

98,
100
199

W1 Pauz

PROM O0ry » -°

ICNUNTSO

NDHE DT

TCOUNTSICOUNT Y

CALL ELBAINNE¢DHTILEIHO NS TANR MR DR TOPR)
CALL INTERC Ry ToLbomlaalenUgNReTT RItLeIFLAG)
TFRCIFLAG BN 1) NRIONGQ ug

JRCIFLAGLLEN, Y)Y G TQ 2>

DHE=() ¢RI RT 12

IFCICOUNT L1, 4) GO 10 4o

Kksklek]l

KiT=tyren]]

TFEVTanB,LE J0,.) CAOLL INTER(N(1) 4T, 10Pw HUGAqNUGD(1)oeKTT KRyt ¢ THL AG)
TFCIFLAG.EQ, 1) DREDREQ .S

IF(IFLAGLEN, 1) GN TU 37
sURf:]AN!ﬂ/SlJRT(H/(l.‘,b"‘r))
RHERASSURF /(1 ,+RASSURE Y

RS M&RK

FRSF/R

Ce0,51 =0,11810PW/HS

KTO=Ce(),FtK)
THOCTOPW/RS) (6T .0 88 AL, LT 0,) «TUSCHCYL @FRY=() a2 sC)epN
TFIRTO,6T,1,) KTn=t,

IF(PR, LY ,1,09 KTN=D,

HGT22882,/7(9,R0018T)

Hizp.04/L

NGY2=R0/ (9, 8nsTeT)

FLAG= g¢M

KTESURT(KTTa804xTUSSD)

THERT 6T ,1,0) Kizl,0

HisHex T

WRITE(6eOBI) MyT MBT20mL yNOT2 KTT KTD KT eRRyHT
FORMATL SX o Fhedot 104 eF 10,00 10,5,F10,003Fb,34F642¢F7,3)
CoNTINUE

CONTINLE

WRITE(Be?01)

Lo 3837 QUALETY FRAgyiepb il 18

o

st iR A et
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201 FORMAT(//02K41KIT ® wavE TRANGMISSTON THRODUGH TME STRUCTURF Y4/,
$2Xe 1KT() = WAVF TRANSYISSTON Ay QVeRTUPPING COUEFFICIENT 4/
8 2xIKT = TNTAL wAvE TRNANSHISSION COERFFICTENTI0/42X,
& IKR = wAvE REFLECITON COFFFICIENT!
$/¢2%X0tRT o TRANSMIVNTED waAVE mEJGHTY)
20p  CONTINUE
stop
(X))
SURRNUTINE FEFL(AeMSel g HNGTANRB TR oMityl)
COMMOM/MADSZFST(O0 1)) o RUT (O 1) RT(ETo11)eTX(9410)sRX(9410)
DIMENGTOUN FSSE1T)aRUS(11)akS(YY)
REAL { oL SLeLS
€ F = MODEL CURNFCTINA FACTUR TO ACLOuMT FOR MODEL SLOUPE EFFFCTS :
CFS1428=0,57R8TANB

TH(TANKR LT p,u) (FES),0)

1FCTANB 6T 0, 6R) CFS0 .29
C FIND WAVE LENGTH ]

MULOSKHO/CL  SAsTeT)

CALL LENGT(HOLOgRUL)

(LYY

LS=rD /T ANk

IF(HS,LT,mN) | 52KS/1ANR
LSL=LS/L
THELSLWLT40,R) GD T0 1nS
TMINSSURT (A PRIS(LS/0,8) /{9, RETANHIb,2R3*HD/(LS/0,8))))
WRITE(6e101) TN

101 FURMATC(///701%Xe ' waRNINGLTHE MINTHUM wAVF PERIOD TO BE ANALYZED RY T
EHIS PRNGRAM TS'efb6sle! SEC FOR THIS CONUITIUNT)
LSL2n, 799
106 12(LSL*10,¢1,)
C INTERPOLATE IVPUT TARLE FUR THIS (SL valuUg
TI=LSL22n,41,

ND 3 J=ty1y
FSSCIISFST{Iad) e (P OTClalad) ST, )))%0LSL=(1=1)%0,1)/0,1
RUS(JIIEWIT (Lo g e tkUT{IaladYmRUT (T4 3))8(LSL=(T=1)%0,12,0,}

3 RE(II=RICITaNIA(RI(IT4 e J)=RT(TI o)) (LS Lo(]ln1)%0,08)/0,08
C GUESS PHI &ND TTERAITF

PrHizS, 0 |

Mz N 1
[ JzPHl 4

FACE (Al 0G(PHT41 ,1=AL0G(J01,))/(AIOG(J424)=AL0G(I41,))

FSzESSldet)e FACS(FSS(Je2)mbS5(Je1))

RUSKUG(JLYe PACO(RIS(.142)=H0S(J4]))

RITSRGIJI+1 I (RS(Ie2)aRG(Jo1)YeF AC
ARGZO ,2US(N/HDYI4 00,28 (01,62 88/ (HNATANB) )220 ,3¢F)
PHINZQ L*ATAN(ANG)EST 2984
SMe
OELTARS(PHINePH])
T1Ftr 1,200 GO TN 9
PHMIaPMIN
TF(P~1,L T n,N1) OPHIZ0, A
TP(P™] LY ,Q,99) PHiEg,qv
THCORL 6T 0,n%) GU TO 'S
9 RIT=RITeCH
RE TURN ‘
END -
SHUMRANTINE HEaAD]
COMMON/MBUSZFSTLQuTT)aRUT(D411)4RTEITo11) 0 TX(9410)¢Hx(9410)

19
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177

1

21

FORMAT(SXe(TFU4¢)
NO 1t M3feld

READ(GSe1TT) (FST(NIM) NS 49)

DO 2 w314l

READ(SeLTT)Y (RUT(NIM)INET Q)

NO 3 M21el1

READCSe]T77) (RT(NeM)eNz101T?)

DU 4 MIfeln

READCGeITT) (TX{NeM)oNz]eQ)

DO 5 M21e]n

READ(Ge177) (nX(Ne'')ehz1%9)

RE TURNY
END

SUKMROUTINE LENGT( BLONL)

NEAL LleLuUNEwel OD
Lh=t,0/0L0
Lnb:|.ﬂ/nLn

Nzt

PI2§,1u1ne
ARGZ? neP /LD
LUNE4sLUONSTANM(ARG)
NENG L
NIFESARS(LOINFweLR)
TF(N=200) 3444
TH{DIIF=0ann00) 20245
LDSCLONE~*1 D1 /2,0

Gu 10 1

DLy 0/LDNEw

wRITE (hetun) DLOGDL
FURMAT (Qur SHRRDOUTINE

AMD/L = Fl10,5)
DLy e0/LDNES
R TURN
EWD

PENGTH PYID WY CONVERGE

osLo

SURROUTING ENBWINMEsNMT oL e N WSy TANB Y NRIDReTUPW)

COMMONZMADST /Nl s {1 1)eN(]Y )

DIMENSTUN RETACI1)ein(1 1)

RE AL Mol slFgnNR
NRZ20,43Y

BETAR=P 79( ,wh)/("e4e38R)

DO 21 Jzpers

RETATT)IS2, 780 ,=n({T1))/7(N(])Sey8D(1))

14120,

TH2z0,

DO 4 J=1sL
THiz2THIeTH( )
NYL=J

PHEJYz Ty /HD

TF (1M1 LT H0Y GO 10 &
THI2TH24T=(])

SUmP=0,

DO 16 JstenyL

SuUMIEn,.

DO 17 Istenm

TE(THL LT H0Y Drgdis(hneTrHd) /nD

SUMIESHE I eAETA( L)Y /e TARSL (10 ))

Le13el1)e7H(Y)

1F10e50

i et =

—



16

39y

SUMASGUM2eNK(J) /(5INT(§UM1))

LES) (/7 (S8 )snHE /Dy

RE TURN

END

SURKOUTINE INTER(NeT ol HMOGA NUeNGTToRI WL ¢IFLAG)
COMMON/ZSFEL /NKL o F S
COMMAON/MADG/ZEST (O 1 1) eRUT(9¢ 1) ¢RTCITo11)eTX(9¢410)eRX(9410Y
DIMENSTIUN TS5C10)6RS(10)

REAL MKLeLoNUoRDoLAMHD AN
SS2(N/O L UuS)eeQ

K182 ,¢3,14150/w|

NK| ;NveKQOL
RETAS2,78 (1 ,er) (N850
LaMkbamy,

Fzon,

PC=1T70,

1C=0

FNSH

1C=1Ce
HzASSURT (9, Ba/HOY /(] .41 AMEDA)
Rpzuen/sNy

FN/(RUOL) 8 (SURT() ¢ () ¢RL/RD) a1 sHETARARL/ (4,53, 10159%HN)))=1,)
LaMpDASRIIS L aF s(p 8")

IFCIC, 6Tty 0 YU S
1F((ARS{tab Y F ) LY g0 endY GO TN
TI214/(1at1 AMEHAY
RISLANNDAZ(] 4el aMBDA)

FS=b /85

WRITE(0e897) Feb SelleRD
FORMAT(2NR 1R gk SeUe kNS oup13,5)

T ONKL 6T n Q) JFLAGLSY
TFINYL o T an Q) F¢ TUH
THINKL 4L Tong 1) RETUKN
l"(‘so('TnBS.) FS=4%,

Jahklis10,

1=F S

C INTERPOLATE MANSEN CUMVES > AnD %

DO | +21ein

RS(M)ZPXCJyMYs (X (et am)enx (M) arakiaD 18d) /0,1

TSI TX I MYIG(TIX(Je g ) e X Ta 3 8 (nF Lo, 18,1) /0,1

THOES,LE el ,0) TISTS(1)eALUGIN(FSI$rT8(10)=TS(]))

TFUFS, Lol 0) RIZHS(I)eAIORIO(FSYR(RS(T1U)I=RS{1))

TFEFS,GEa104Y TI=TSO101%(048,2¢5)/25,

TFLFES, G 1n,) RIZKS(I0)401,=R5C10))13(FS=10,)725,

TFCRS LE 1,0, UR,FES,LF10,0) RETHRN

RISHS ()¢ (RSOI4 I = ()4 (ALOGEFS) Al UG(INE,)) 7 (ALOGEI4],)aalUG(TE
$1,))

TIZTS(1)eqTS(101)=TSCIY) s (ALNGIFS)~ALOGII®E ) ) /(ALOG(TI¢],)=ALUGCTS
*.))

RE TURM

END

SNLS PAGE LS BESY QUALLYY FRAGEI 64 sii
FDOIeervrusix%?fbronnc

e i A — e




Table A-1. Standard look-up tables to be read by
subroutine REDI.

o885 .83 ovnl.50201°203§3.2310053.96
oA (BY L9001 ,492,192,373,193,42y,90
oAS LAY ,901,092,1462.,293,10n3,2A3,.70
oBS (A3 ,901,472,102,222.943,N073,480
oB3 (90 Un2,0n%2,1u2, T742,803,00
«85% LHY (904 48)1,9R2,032,502,502,60
88 LAY (UN] uu1,891,922,282,222,20
e85 (BY (901 ,421,601,792,021,911,.,83
oAG (A3 (901,401,701 46R1_, 791,631,600
10 +8S L83 ,901,301,611.521,571,3081,24
11 o885 AT 901 ,308,501,403,371,17%,00
12 140014242,032,492,69342R%,353,%44,00
153 1,003,2V%1,962,322,502,8R2,673,2n3,3%4
14 1.nﬂl.2>l-85?.162.312.502.052.7!2.60
19 1a00142010702,0%32,142,282.322,342.36
15 14001a1914708,901,9R2,082,042,021,9Y
17 14001e1914011,7A1,821,821,791,731,68%
18 !lnﬂloln1lsalnba‘oh’lobsl.sail“qilse
19 1oﬂolo’“‘n“n1.57105310“71.37‘.27‘0‘6
20 1,001,171,48)1,4R1,u21.321,211,08 ,97
21 14N01,161,371,3R1,411,1R1_08 ,93 .84
22 140M1.101371,291,191,06 93 ,80 ,67
23 14N0140014001,001,0014001,0014001,001,001,001, 001 001,001,001,001,00
29 140N140N 498 9% ,92 ,87 .57 2BR LRY _BY ,T6 (78 ,79 77 .72 .bo .70
25 14001400 290 9% LAY 7S 76 78 JYS BB 6D 481 b6 o060 ,54 4B 48
26 14001,00 ,97 290 .75 465 .66 .69 .05 ,53 46 (48 .50 ,47 38 .32 34
27 14001,00 97 BT ,6R (5% SR L8> 54 42 34 38 U0 437 .27 2! 28
28 14001400 #95 ,B8Y 452 JU6 .52 ,55 ,uA 33 ,25 ,30 ,33 ,29 ‘]ﬂ .l! o 48 1
29 1400 o99 49U 70 ST Lun U8 50 L4l 26 18 ,24 ,28 .24 ,13 .06 L1&
30 1400 99 93 75 o591 34 4N GUS J3A 21 ,12 420 .24 .20 ,08 02 .43
31 100N 499 492 .77 U4 #2R 36 442 .33 .1h L07 87 22 .18 .07 .02 13
32 1000 o999 491 70 J4n 23 .33 «34 .30 ,12 ,08 o17 420 18 .9’ .02 218
33 1400 (9B ,9n o7 438 LR 3¢ 38 27 .10 L05 o117 420 418 .07 .02 ,1%
34 B0 .68 (5T S50 Jub ,42 38 36 34
35 .07 .50 441 34 3N .2k 22 .18 16
3o 58 LU 432 28 421 17 1% .11 L08
37 450 o33 426 19 .18 012 .99 .07 .08
38 448 430 422 416 412 «CA .07 04 03
39 441 26 o1B8 13 409 407 0% L0% ,02 ;
60 o837 423 415 11 N8 0S5 03 ,02 ,02 ! :
1 o33 .2' 13 L09 406 $06 .09 ,02 (01
82 431 14 12 L0R L4085 403 .03 ,02 L0018
63 429 317 31 L0 J04 403 .02 #01 ,L,01
dd 428 L4l Lu9 S5h ,58 (59 SR .58 5%
45 335 492 o060 65 4bh 55 a03 262 L0600
G6  hl 60 4b% 71 oT1 ¢69 67 ,67 ,66
U7 450 67 o7V ,TU 473 (72 .71 ,70 970
U8 57 71 78 7T 76 74 73 ,73 ,7%3 -
B9 L60 73 (78 TR .77 .70 .76 76 Yo
50 463 470 80 79 78 JTA 7T 77 17
St bbb 78 L8 80 479 79 .79 719 o704
52 LR .80 ,82 ,81 80 80 _8n 88 8¢
53 471 .81 8% 82 .81 B 81 ,81 ,81¢

O®NG WP E N~
.
x
'
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