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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-
ticns 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. BISHOP
Colonel, Corps of Engineers
Commander and Director
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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
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) 0.01745 radians
Fahrenheit degrees 5/9 - Celsius degrees or Kelvinsl

ITo obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use formula: C = (5/9) (F -32).

To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273,15,



ESTIMATION OF WAVE TRANSMISSION COEFFICIENTS
FOR PERMEABLE BREAKWATERS

by
William N. Seelig

I. INTRODUCTION

The primary purpose of a breakwater is to reduce wave energy 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:

Kp = /(Kpo)2 + (Kpp)2 = Hp/Hp (1)
where
Ky, = transmission by overtopping coefficient
Kpg = coefficient of transmission through the structure
Hy = 1incident wave height
. Hp = transmitted 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
Kyt 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).



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.:

Kpp, = € (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, dS
C = an empirical coefficient
(KTO)max = 1.0

Laboratory tests show that the value of C is 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 _ ag
H © T+ b¢ (4

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. ¢ is the surf parameter given by

F = _tan (5)
IHI/LO

where 6 1s 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.).

ITII. WAVE TRANSMISSION THROUGH PERMEABLE BREAKWATERS

The coefficient of wave transmission through permeable breakwaters,
Kpr, 1s estimated using the analytical model of Madsen and White
(1976)S, 1In 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 of various armor units (after U.S.
Army, Corps of Engineers, Coastal Engineer-
ing Research Center, 1977)6.

No. of
Armor unit layers Placement Porosity
Quarrystone(smooth) 2 random 0.38
Quarrystone(rough) 2 random 0.37
Quarrystone(rough) >3 random 0.40
Cube (modified) 2 random G.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

YAHRENS, J., and McCARTNEY, B.L., 'Wave Period Effect on the Stability of
Riprap,'" Proceedings of Civil Engineering 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 HManual, 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 structure, water-depth, wave height and period, and the
kinematic viscosity of water (Table 2). To use this method, waves
should have

d 1.25
L \fﬁI cot? 8

where L is local wavelength.

Table 2. Kinematic viscosity of water.

Water temperature Kinematic viscosity of water
N . B L)
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 appesrs to effectively
account 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 coefficients tend
to be conservative for transitional or deepwater waves. Refer to Seelig
(in preparation, 1979)7 or Madsen and White (1976)8 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 1is
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.

10
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Figure 2. Observed and predicted transmission coef-
ficients for a rubble-mound breakwater.
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Table 3. Format of input information.

Card type Format g Description
Standard 53 standard input cards
1 I2 Number of breakwater configura-
tions or water depths to test
2 20A4 Title card
3 312,4X,7F10.5 Number of wave conditions to test

Number of materials

Number of horizontal layers

Structure height (m)

Water depth (m)

Kinematic viscosity (m?/s)

Width of top of breakwater (m)

Front slope of breakwater = tan
(e)

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
5 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 seconds 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
materials 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 seabed should be designated as 'layer
number 1." In the case of the example breakwater, three horizontal layers

12
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T{s1=5,10,20 Materigl
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Figure 3. Example breakwater.



are shown in Figure 4. Sample horizontal lengta calculations are also
included. Note that when determining horizontal lengths of the armor
material, the outer layer of the armor on the scaward 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 PROBLEM

18 33 640 4.8 00000093 2,52 04667 0.692 04504
HAT | 0:729 0.37

MAY 2 0.31%8 £.37
MaT 3 0.092 0,37
LAY ¢ 1,55 4,53 3,80 Bet0
LAY 2 GaTH d.b3 2:54 BeG
LAY 3 Dau? 5,25 040 040
5.0 0!

560 0.5

5.9 {o0

S.0 165

5.0 1475

5.0 2.0

§0,0 Oel

10,0 0.9

10,0 10

{0,0 109

10,0 175

10.0 ?-0

20,0 Oal

20,0 DsS

20,0 140

20,0 1e¢5

20,0 1.75

20,0 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 CERC. The cost of running the program

on a CDC 6600 computer is only a few cents for each wave condition of
interest.

14
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2 Armor Units Thick

Lar/isCol"§ =3.02m Horizontal Loyer

ton 8 = 0687

@ wssoo0

Figure 4. Information required for (horizontal layer) example breakwater.



Table 5.

EXAMPLF PROBLEM

Sample output.

COMPUTATIONS OF WAVF TRANSMISSION THROUGH A POROUS BREAKWATER

NUM OF wAVE CONDITIONS

NUM OF MATERIALSE=

NUM OF HORIZONTIAL LAYERSg=
STRUCTURE HEIGHT (™M)=

WATER DEPTH

(M=

i8

3

b
6,000
4,800

KINEMATIC vISCOSITY (M2/8EC)® ,000000930

BW TOP wWIDTH (M)a

TANB OF FRONTY SLUPEE
RUNUP COEFFICIENTS A= _e92 Bs ,Sqa
MATERIAL CHARACTERISTICS (MaKg ARMOR MATERIAL NUMBER 1)

MATERIAL®
MATERIALS®
MATER]AL=

HORIZONTIAL
(MAKE LAYER

HORIZONTIAL
HORJZONTIAL
HORIZONTIAL

H{M) T(8
0100
0500

1,000

17%0

24000
o100
0500

1000

16500

1790

24000
e100
0500

1.000

1500

1¢7%0

24000

2+%520
6670

| DTAMEYER (Mym _,729 PORnSITVvE ,370

2 DIAMETER (mMym 333 PORNSITYE 370

3 OTAMETER (my®m 092 POROSITY=S ,L370

LAYER CHARACTERIBTICS

NEXT TO SEABED LAYER NUMRER 1)

% MATERIALS

LAYERS | THYCHNESS (M)s 3,550 LENGTHS (M)m
LAYERE 2 THYCHNESS (M)s o780 LENGTHS (M)s
LAYERs 3 THICHNESS (M)a o470 LENGTHS (M)=
EC) H/(GoT®y) M/L D/(GHT®T/) KTT K10
5400 «000un8 000338 00196 391 0.0n0
5,00 0002041 01074 «0196 211 0,000
$:00 e0040R2 e0334d9 0019¢ L1409 0,0n0
§:00 0006122 205023 00196 129 AL
500 «0071u3 005860 00196 L1121 « 086
$.00 5008143 006697 00196 G113 L1225
10,00 «0001n2 « 00151 00049 397 0,000
10,00 «0005¢0 s 00753 «0049 L199 0,000
10400 0001020 01507 00049 4135 0,000
i10e00 0001511 002260 00049 L099 ,1s5
1000 001786 002637 00049 ,088 ,Li59
10,00 0002041 003013 20049 L,080 ,103
20400 20000280 «0007% 00012 o379 0,000
2n,00 «000]28 000367 00012 o184 0,0n0
20.00 .000215 .007!5 000'2 0325 .0’0
20,00 « 000383 01102 00012 L0968 .154
20,00 UOOOQQQ 01288 00012 ,L,086 L1986
20.00 2000540 201470 0012 «080 0227

KTT o WAVE TRANSHMISSION THRAUGH THE STRUCTURE

KTO ® WAYE THANSHISSION BY nVFRTOPPING COEFFICIENT
KT & TOTAL WAVE TRANSMISSINN COEFFICIENT
KR e WAVE REFLECTION COEFFICIENY

o TRANSMITTED wAVE MEIGHY

WY

16

4%
4,5
5.%

XY

391
L2110
149
2134
148
2168
L,397
.199
L1135
152
,182
L.209
379
.184
«12°
182
L2164
J241

KR

026
78
228
027
027
o206
T eS1
080
b2
1
-1
Y
53
b0
o710
o 71
e 72
o72

HT (M)
039
105
140
0201
260
0337
040
« 099
o135
«228
318
,418
0038
L0082
o125
273
374
1481



EpR

599
C RgA
174

172

974

93
99

ey

177

28y

178

APPENDIX

LISTING OF THE COMPUTER PROGRAM MADSEN

PROGRAM MANSEN(IMPUT OIITPUT y TaAPESZINPUT TAPEGSOUTPUT, TAPE )
COMMON/ZMALS | /NMaMLoDCI) N O wllgt ol ) o TH(IT)

COMMION/ZOEEL /NKL oFS

REAL NKL

DIMENSTUN THUF 1y o TITLEC(P0) o NUM( 1 0)

REAL LoNUgXTyKRyNgLEoNQeLLyKTOWKTY

DATA NUM/T 24800450007 ,8¢9410/

PI=3.,14159

CALL REA&AD]

REAN(H9590) NCOMP

FORMAT (4T 29UXeT7F10,45)

Du 200 L=t engOap
N INPUT [HFENRMATINN

READISeITLY (TITLEIIMY W dIME1,20)

FORMAT(20AUY)

WRITEChy Y1 7)) (TITLE(IIM) ¢ JIM31020)

FORMAT (1ML, 10Xy2nAd)

READ(59590) NToNMeNLaHSyHUGND, TOPW, TANByRA(RB

FoH3en(l

TF(RA_LL,0,) RA=n,h9?

TFIRA, LEL,0,) ®B=,504

WRTTE(O99T1) MT NP NL g HSyHO o Ni1oTOPws TAKHBoRA RSB

FORMAY(/ 410X ' CUMPGTATINNG OF wavE TRANSMISSION THROUGH a POROLS
¥ HREAKNATERY 4 ///45%0 INUM OF WAVE CONDITIUNS' 012X9134/95X,
£ INUM O OF MATERTAI ST el TXe1%¢/,5X,
¥ PNDMOOF HORTZUNTI#lL LAYERSS) g AX0 150/ 95X 'STRUCTURE HETGHT (M)
ShebXgF10aTle/eS%¢ ' "ATER NEPTH (MYz ) gt IX9F10439/705X
FIRINEHATIC vISCOSLTY (M2/75FC)=teF (1,9, /eSXe'BW TOP WIDTH (M)y=1,
¥1O0XoF10s30/¢5X0 ' TaMNs UF FRONT SLOPES' ¢ 9Xe b B Uy /05Xy tRUNUP cUEFFIC!
FENTS 82 'eFb,30! BINeFg,3)

DO 99 I=te1}

DO Q8 J=ztey

LL(Ted)=0,

CCONTINUL

WRITE(He287)

FORPAT (5Xg tMATERYAL CHARACTERISTICS (MAKE ARMOR MATERIAL NIMBER )
$1,./)

DO 6 1=1enNn

READ(Se7) D(T)wN(]1)

FORMAY (10X, 7Fy0,8)

WRITE (O T7) TuDCI)eN(T)

FURMATIOXy 'MATFQTALE! g 1340 DIAMETER (MYZ14F 6,3¢! PORDSITY= ybb6e3)
CONT bt

WRITE(hy284) (NU~(JM)y 114N

FORMAT(//0S% 0 "HORTZUNTTAL LAYER CHARACTERISTICS! /05X,

$U(MAXE LAYFR NEXT TU SFAREN LAYER NUMBER 1)19/¢

# 52Xy tMATERTALE PeT 011 95X)y/0b3%,6(121UX) /)

DO 31 JsgeNL

READ(Se7) TrHlJ)ef(LL(T o) oIzl nM)

ARTITE(Oe1TAY JoTH(J)o (LL{Tod)etrNM)

FORMAT(SXy tHORTIZONTTIAL LAYERS 1, I3, ¢t THICHNESS (M)Z1, f6,341 LENGTH

17



5 (M)z' s 7Fhata/onlXeTFgat)
33 CONT INUE
NMzNMy ¢
DENH)N(Y)
N{NM)E0 ,01
NLENLe
TH(NL)=1n0n0n0OO,
LLONM NL YT 800 )
: WRITE(649Up) .
942 FORMATL//v oXelufM)  T(SEL)  W/(GETHT)  H/L D/(GRTeT/) KT7
¢ KTO KY KR RKYghy)
DO 199 IX=y.NT
REAND(SeB) ToH
8 FORMAT(2F10,5)
AzH$) S
DR=D(1)*0,5
IF(AqL T, 0,n0n01) GO YU {09
THCTANK,LE,0,) GO TO 39
CALL PEFL(AVHSaD(1) oMU TANB, T,RIT,RUsL)
Al=R11#%A
2e DHTz2 *KU¥%A
IFLAG=O
€ ASSUME DME=DHT aND ITERATE ON THE FQUILIVANT BW
ICOUNT=Q
DHE=DRT
i0 TCOUNTSTCOUNT ¢ Y
CALL tQBANHE W DHTILE 1N HS s TANRYNR DR TOPK)
CALL INTER(WRoTyLEoHOoaloNIGDRITI RIvLoIFLAG)
IFCIFLAGLER, 1) DR2OKRSQ, 4G
IFCIFLAG.ER,1) 6N TO 2
DHE=() ,¢RI)Y*R] x4
TFCICOUNT LT 4) GO 10 g0
KRzRIe¢RTT
KTT=T1*R]]
37 TRCETANBLLE L0,) CALL INTER(N(1) T, T0PK,HO A NUSD(1) o KYY KRy ¢ IFLAG)
1F(IFLAGL,EQ,1) OR=DK%®(Q,5
IF(IFLAG,EO,1) GO TO 39
SURFETANB/SURT(H/(1,50%T2T))
RH=RA&SURF /(1 ,¢RKA¥SURF Y
Rz H¥RK
FR=F/R
C=0,51 =«0,11%10PW/HS
KTOsC# (] 4=FR) A
TFCCTOPW/RS) (6T, 0 BB ANU KLY 0,) KTOSCK(] =FRY=(] =2 *C)fR
TFIKTD,6T,4,) XTp=t,
1F(FR,GY,1,0) KTNSO,
HGT22A%2 ,/(9,80%7%T)
HlL=sp,sA/L
NGT22H0O/(9,B0xTHT)
FLAG=gH
KTRSORT(KTT4824KTO*®D)
TH(KT,GY,1,0) KT=1,0
HioH¥k T
WRITE(60981) HoT HGT20ML o DGY2 KTT  KT0gXKToeKRyHT
98y FURMAY( 5X.Fh.3oF10.?1P10.boF1O.R,Flo,u,3rb.3,;0'2.57.3’
100 CONTINUE
199 CONTINUE
WRITE(b6e201)
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20 FORMAT(//02X0 IKTT @ wayp TRANGMISSTON THRQUGH THP STRUCTURF!' ¢/,
A2X0 1KTU = WAVE TRANSMISSTON Ry QVE@TOPPING CUEFPICIENT Yy /y
 2Xy kT = TOTAL wAvE TRANSMISSION COEFFICTENT 1e/42X,

3 IKR = wAvE REFLECTITON COEFFICIENT I
$/92X9 ' HT = TRANSMITTER WAVE mEIGHT!)
20p CONTINUE
STNP
FND
SURROUTINE REFL(AsMSel MO TANB, T RTT 4 RIIyL)
COMMON/FADS/FST(O0 1 1) 0 RUT(Qqe 1) gRT (1741 1)eTX(9,10)¢RX(9¢10)
NIMENSTUN FSS(11)ekUS(1])¢RS(y1)
REAL 1 +LSLWLS ’
C cF = MODEL CuRNECTINN FACTUR TO aCCOuymT FOR MODEL SLOPE EFFFCTS
CF=1,28=0,57R3TavR
TF(TANBGLT ,0,u) CFS],407
TFCTANB 6T 0, aR) CF=0,A9
C FIND wAVE LERGTH
HOLOEHO/ (L ,SheTxT)
CALL LENMGT(HOLO¢RUL)
LsHu/mig
LS=»0/7a~NH
IF(HrS, LT ,#n) | S=HS/TANR
LSL=L5/7L
TRCLStL «LT4n,R) GO TO {AS
YH1N=SNHY(5.?33.(LS/O.R)/(Q.R;TANH(b.BRS‘HO/(LS/O.B))))
WRITE (B 1O1) TMIN
101 FURMAT(///40ixe ' adRNINGLTHE MINTHUM wAVE PERICD TO BE ANALYZED RY T
EHIS OROGRAN TS'yFoe2e! SEC FOR THTS CONUDITIUNG)Y
LSL=n,799 :
Ing  Is(LSL*IN,el,)
C INTERPOLATE 1~N#LY TaRLE FUR THIS LSL valUg
TI=LSL220 .01,
DO 3 J=1y1y
FSS(J)=FSYroJ)¢(PST(loltJ)-FSY(IcJ))'fLSL-(1-1)‘0.1)/0.1
RUS(J)=“”T(IvJ)*(HU1(]¢10J)-QUY(T.J))‘(LSL'(I'i)‘0.1)/0.1

3 RS(JI=RICITHI)#(RICIT4 1 ad)=RTI(TIvg))*(LSL=C1I1)%0,05)/0,05

C GUESS PHI AND ITERATF
PH1z5,0
M=o

6 J=PHl .
FAC:(ALOG(PH{+1,)-ALUG(J.1.))/(ALOG(Joa,)-ALOG(J01,))
FS=FSS(Jetye FACB(F§S5(Ja2)=FSS5(J¢Y))
RUSRKLS(J LY FAC®(RUS(Je2)=RIIS(J4))

RIISRS(IJI* )14 (RS(J*2)mrGg(Js1))sFAC
ARGZ0,296(N/HD) 420,28 (00U%2 84/ (HORTANB) )220 ,38F 5
PHINZQL*¥ATAMN(ARG)*¥ST,29574
MSMe
DELZABS(PHINPH])
TF(M,671,20) GO Tn 9
PHI=FMIN
IF(PHI,LT,0,n1) PHIz=NO, 0]
IF(PH1,67,9,99) Prlsq 99
THIDEL GTyn,en%) GU TO 4
9 RII=RyIaCF
RETURN .
END
SHARONTINE REaN]
COMNONIHAUS/FST(°c11)oQUT(°o|1)-”Y(z7.1l)qu(Q.IOJ-“X(QoIO)

19



177 FORMAT(3Xe1T7FU,2)
DO 1 Msfely

1 READ(S5e177) (FSTINIMYINS|,49)
DO 2 “=is1]

e READ(Se177) (RUT(NyMYyNE],9)
PO 3 M=jel} ‘

3 READ(Se1T77) (RT(NeM)YeNZ141T)
DU 4 M31q1n

4 READ(RHe177) (TX(NoM)enN=],9)
N0 5§ Ms{e]n

S READ(G9177) (KRX(Ne")eN=1%9)
RE YURN
END

SUHBROUTINE LENGT( OLOWNL)
REAL LUgsLUNEw LOD
LD=1,0/0L0
L=t ,0/000
Nt
Pls4,14d199

i ARG=2 ,neP /LD
LUNEw=LONSTANR(ARG)
N=N+ |
DIFFSARS(LNONFweLN)
TF(N=200) 34Uel

3 [F(DIFFe,a005) 29215
5 LOS(LONE=+LDY /2,0
GU 10 1 .
4 DL=1,0/LDNEwW
WRITE(he10A) DLO,OL
100 FORMAT(udr SUBRDUTINE LENGTH PDID NOT CONVERGE, D/LO = 1F10e8,
{ BHD/L = ,F10,5)
2 DL=1,0/L0ONEw
RETURMN
END

SUBROUT I ~E ENBW(NHE I DMT o LE e MO HS g TANRYyNRODRy TP W)
COMMON/MADST/NMoNLeOCT1)eNCIT)e L{tlot1)eTH(LT)
DIMENSION RETACII)0m(11)
REAL NelLelLF ¢NR
NR=(Q,435
BEYARZ2,7%(] =MK)/(NKAx3I$R)
DO 21 Iz=fenm

21 BETACINS2, 7% =N(I))/(NLI)**3%D(]))
THi{=0,
THP=N,
D0 4 J=te~L
THIZTHL+ TR )Y
NYLsJ
DHUJ)=THEJY /MO
TF{THL BT o%0) Dr(J)=(HA®THY ) /HO
IFCTIRL 6T Gy GO 10 5

4 THR=THZ4 T (J)

5 sumez=n,

00 16 J=t1aNYL
SUML=z0,
00 17 IstenM

17 SUMISSUMI+RETACTY/HETARSL(T14J)
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{6

307

SUMRSGUMAeNN(S) 7 (SHKT(§UMY))
LES| o7 (SUMDs2)xnHE /Dy
RETURN
END
SUBKOUTINE TMTER(NeToL MO, A NUsNGTT RI, WL, IFLAG)
COMMON/SFEL /NXKL W FS
CO“"”N/“AOS/FS*<°-I1)-=UT(0.11).nvrxr.xi).rx(q.xo).nx(o 10)
DIMENSIUN TS(10),kS(30)
REAL NXLeLeNUgKO LAMBOAGN
SS5=(N/0,45) %%
KO=2 53,4150 /w|
NKLsNeXO#L
BETA=ZD 7% (1 ,=N) /fNERSER)
LAMHDASY,
F=0,
RC=170,
I1C=0
FNZF
IC=1Cat
U2AsSURT(9 Bo/HDY /(L 41 AMBDA)
HD LEn /Ny
FaNg(kUeL) s (SURT (] o0 (1 LHRC/RDy s (14 sRETARARL/ (3, X3, 1U159%HN)))=t,)
LAaMBDAzXIs aF (2 %1)
IFCIC,6T410) G0 10 S
IFC(ARS(Fwmb Y /F) 6T 4N AdY GO TN 2
TI=) /70101 AMYDA)
RI=LAMBDA/Z (], ¢lLAMBDA)
FSxf /55
WRITE(&O139T7) F b Qa1 QD
FORMAT (20X, 1FeF S UskN2yyuk13,gq)
IFONKL (6T yn,q) IFLAGEY
TFUNKL T on,aQ) KETUIN
THINKL GLT,0,1) RETUKN
IF(FS,GT,35,) FSz85,
JaNKLs10Q,
I=FS

C INTERPOLATE MANSEN CHRVES > AND %

DO | m=l4]l0

RE(M)=PX O MY+ (KX (JetaM)awx (J M)y fNKLaQ,1%J) /0,1

TSOMIzTX LT oMY (T (ot o) a1 x(Jy M) )a(nmlm, 1 %0) /0,1

TEOES,tE el D) TI12TS ()AL OGIN(FSYSLTS(10)mTS(L))

TFEOFS,LE el 0) RIZRS(I)ALOGIO(FSYR(RS(I10)=RS{1))

IF(FS,Ghal0e) TI=TS(10)%X(35,£5) /25,

1F(FS,GE, 10.) RI=RS(LOy ¢l ,=R5(10))2(FS=10,4)/25,

TF(FS,LE, JORLFS,GE,10,0) RETHURN

RISRS(I)+ (~4r101)-nb(I))'<AL0n<#9)-Alur(Itt Y)70AL0G(1¢))=ALOG(T
¥1,))

TISTSEI)O(TS(Io 1) =TS (1))« (ALNG(FS)~ALOG(I#1,)) /CALOG(TI*],)~ALUG(T*
£1,.))

RETURN

END

’

-y~ ne -
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Table A-1. Standard look-up tables to be read by

subroutine REDI.

o8BS B3 49N1,502,4192,333.23%3,463,96
085 B3 4901,402,192,3n03_193,42%,90
o8BS BT 4901,U92,1462,2935.103,2R3,70
oBS B3 ,901,0872,1024222.943,073,.80
088 4RI 901 ,462,0%2,142,742,803,00
085 B3I 901 ,451,9R2,032,502,503,60
o8B (BT o901 ,4u1,891,922 2R2,222,20
085 BT 4901 ,421,801,792.021,911,8%
oAS JAY 901,401.701,681,791,681,60
oBS 4B3 4901 ,361.6114521,571,383,24
eBS AT 901 ,301,5014401,371,171,00
100016P424032,492,693,2R3_353 _ Y4y,00
1.001.2‘1.9“2.322.502.552.973.203.30
160014221 4852,162,3124562.63%32,712,80
1000142010702,0%2410U2,282,.322,342,36
100016191 6701,901,9R2,042,542,021,97
500010191|b11.7“1.5?10821.7°1n731065
1oN01 41814541 ,6A1,671,651,581,491,38
1050101“10“81.57105U10071.3710271016
10001 o171 ,431 4R ,u21,321,211,08 ,97
1e001,1614371,381,311,181,05 ,93 .80
10001,1016321,291,191,06 .93 80 .67

1e00140014001,0014001e¢001,0014001,001,001,001,004,001,001,001,001,00

16001400 498 .96 492 .87 .57 .88 A7
2'003000 0«98 9% LAY L,7S .76 ,78 ,VYS
10001400 497 ,90 475 465 .66 ,49 ,65
1e001600 097 BT 46R 455 %R 62 .54
10001400 095 ,BY ;62 o4& .52 ,55 ,uAM
{00 : 99 .90 .7° .57 Wl ,“5 .s" W U3
1600 099 493 75 o51 434 40 45 ,3A
{e¢00 099 492 72 Wuu 28 .36 LU42 L33
1¢00 qu 091 070 aldh 023 .33 .38 030
1e00 498 490 .67 438 1R 31 .38 ,29
o B0 466 o537 50 Lu6 L4842 _33 ,36 .34
o067 oSN L4y 34 30 .2k 22 L18 16
058 Lu) 432 .26 21 #17 1% .11 ,08
¢S50 33 426 ,19 o816 o12 .99 ,07 ,08
oUS (30 422 16 412 408 07 ,048 ,0%
oll 426 418 13 .09 407 0% ,03 ,02
37 423 416 411 J0B «05 .03 L02 ,02
033 (2t W13 ,09 406 o084 .03 ,02 ,0!
031 1B 412 0B 405 403 «03 402 J01
029 17 W31 GCT 408 403 L02 ,01 .01
025 440 L49 86 (S5A 59 58 ,56 ,5%
035 452 460 .65 4bh 65 ,63 .62 ,60
olU 460 48R LT GTt 469 .07 ,67 .68
050 467 T3 Tu T3 472 .71 ,70 L,70
eS5T W71 W73 77 76 LTU TZ 73 7%
060 73 7B TR 77 476 .76 .76 ,Th
063 76 .80 ,79 .78 .78 77 ,77 .77
066 278 (81 80 .79 79 .79 ,79 .79
8RR ,80 ,32 ,BY ,.8n B0 20 ,8n 80
o7Y oB1 8% B2 ,8¢ .81 .8y .81 ,8¢%

22

.81 476
a66 460
253 Wb
SU2 o34
»33 .25
.26 418
21 W12
.16 407
12 405
<10 o058

078
61
0u8
38
130
YL
020
017
017
ol7

079
.66
50
W40
33
028
24
022
20
20

77
100
W47
37
029
02U
20
1A
018
ol8

»72
.54
.38
27
o18
513
08
07
W07
07

T
.32
.21
12
.06
.02
02
02
.02

o 70
al8
o34
24
018
o4
013
o i3
als
o1y
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