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Abstract

The spectral characteristics of shallow water waves with significant wave
height more than 2 m based on the data collected along the Indian coast is
examined. It was found that the value of JONSWAP parameters (o and vy)
increases with significant wave height and mean wave period and decreases
with spectral peak period. The estimated average value (0.0027 and 1.63) of
the JONSWAP parameters, o and y were less than the generally
recommended values of 0.0081 and 3.3 respectively. By carrying out a multi
regression analysis, an empirical equation is arrived relating the JONSWAP
parameters with significant wave height, peak wave period and mean wave
period. It was found that the Scott spectra underestimate the maximum
spectral energy of high waves. The study shows that the measured wave
spectra can be represented by JONSWAP spectra with the JONSWAP

parameters estimated based on the equation proposed in this paper.
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1. Introduction

The Indian coastal waters are being used by the oil and gas industries
besides the ports and harbour. Wave spectra at a given location are
necessary for almost every engineering activity. Considerable research has
been done in modeling unidirectional spectra. It is generally believed that a
unique spectral model, which is applicable to all storm situations in all parts of
the world, is difficult to develop. For different locations and climatic conditions
a number of semi-empirical spectral models were proposed (Chakrabarti,
2005). For a fully arisen sea condition, Pierson-Moskowitz spectrum (Pierson
and Moskowitz, 1964) can be used to describe the spectral characteristics.
For a growing sea state JONSWAP spectrum (Hasselman et al., 1973) can be
used. Scott spectrum (Scott, 1965) is recommended for the west coast of
India by Dattatri et al. (1977), Narasimhan and Deo (1979), Baba et al. (1989)
and Kumar et al. (1994), by analysing the data collected off Mangalore,
Bombay High, Cochin and Karwar respectively. Harish and Baba (1986)
proposed PMK spectral model combining the Pierson-Moskowitz and
Kitaigordskii et al., (1975) for the south-west coast of India. Ochi and Hubble
(1976) found that JONSWAP spectrum provided good approximation to the
data for the unimodel spectra with mean JONSWAP parameters of y (peak
enhancement parameter) = 2.2 and a (Phillips constant) = 0.023. Donelan et
al. (1985) have proposed a spectrum with high frequency face proportional to

* instead of f°.



Young (1992) reviewed the wave spectral representation and highlighted
many limitations. Young made an attempt to define a consistent
representation of the spectral parameters in terms of significant wave height
and peak period. Ochi (1993) and Young (1998) have shown that the spectra
recorded during storm conditions were uni-model and appeared similar to
typical fetch limited data and were represented by JONSWAP form. Young
(1998) examined 229 spectra from 16 hurricanes and found that JONSWAP
and Donelan et al. (1985) spectra approximate the data well and concluded
that the spectra actually consists of a combination of locally generated high
frequency waves, together with remotely generated low frequency swell. For
engineering design purposes, Young (1998) and Young (2003) concluded that
the spectral form proposed by Donelan et al. (1985) together with the
relationships for the parameters a and y obtained from fetch limited data is a
reasonable approximation to the hurricane wave spectra. Babanin and

Soloviev (1998) related the JONSWAP parameters with wave age.

Kumar et al. (2003) found that along the Indian coast, about 60% of the wave
spectra observed had two predominant peaks but they were mainly single
peaked when the significant wave height was higher. The double peaked
spectra observed were mainly swell dominated with average value of the ratio
of the two spectral peaks around 0.6 and the average value of the difference
between peak frequencies around 0.09 Hz. Even though the spectra were
having two peaks, Kumar et al. (2003) found that Scott and Scott-Wiegel
spectra estimate the maximum spectral energy reasonably well except during

the high wave at all the locations studied.



In view of the above, a study was done to identify suitable theoretical spectra
for waves having significant wave height (Hs) more than 2 m based on the

measured wave data at different locations along the Indian coast.

2. Materials and Methods

2.1 Data

The data available at National Institute of Oceanography, Goa, India,
collected using Datawell directional waverider buoy (Barstow and Kollstad,
1991) at 6 locations (Figure 1) having different water depths (Table 1) along
the Indian coast in the past were used for the analysis. At all locations, the
buoy was moored with standard Datawell rubber shock cord with the
configuration suggested by the manufacture. The data were recorded for 20
minutes duration at a frequency of 1.28 Hz. The collected time series was
subjected to standard error checks for spikes, steepness and constant signals
(Haver, 1980). The data used in the present study are all collected in the open
ocean (Figure 1). The measured spectrum referred in the paper is the wave
spectra obtained through Fast Fourier transform (FFT). FFT of 8 series, each
consisting of 256 measured vertical elevations of the buoy data, were added
to obtain the spectra. The high frequency cut off is set at 0.58 Hz with a
resolution of 0.005 Hz and the low frequency cut off is 0.03 Hz. The heave is
measured in the range of -20 to 20 m with a resolution of 1 cm and an
accuracy of 3%. When the moored buoy follows the waves, the force of the

mooring line may change resulting in a maximum error of 1.5% in the



measurement of surface elevation. Also, if the wavelength is less than 5 m,
the buoy will not follow the wave amplitude. The presence of noise causes
limitations in the buoy frequency range. One obvious source of noise in the
buoy data, which measures the translational motion, is from the current
induced mooring line forces. A useful parameter in the error analysis is the
‘check ratio’ (R), which is a measure of the ratio of the vertical and horizontal
responses of the buoy (Tucker, 1989). For a perfectly surface-following buoy
R will be 1. This check ratio is modified due to the change in dispersion
relationship of a moored buoy due to Doppler effects when the currents
change the apparent phase velocity of the waves. Hence, one often sees
values of R significantly different from unity due to currents and mooring
restraints. Kumar and Anand (2004a) found that the average value of R is
around 1 for frequencies from 0.07 to 0.25 Hz (+0.5 times the peak frequency)
and the check ratio deviates from 1 at lower and higher frequencies and can
give error in the estimation of wave direction at lower and higher frequencies.
The average percentage of spectral energy beyond the frequency range of
0.05 to 0.25 Hz at different locations varied from 2.3 to 4.1 (Table 1). Beyond
the frequency range of 0.04 to 0.35 Hz, the average percentage of spectral
energy was 0.7 to 1.4. Since in the present study, the predominant wave
energy is within 0.05 to 0.25 Hz, the error due to currents and mooring

restraints on the spectral parameters is negligible.

The significant wave height (Hs) and the mean wave period (Ty2) were
obtained from the spectral analysis. The period corresponding to the
maximum spectral energy is referred as spectral peak period (Tp). The

significant wave steepness is estimated as the ratio of the significant wave



height to the wave length corresponding to the mean wave period. In the
present study waves with significant wave height more than 2 m only is
considered in the analysis. Table 1 presents the percentage of data used in
the analysis. The long-term distribution of all the data collected at location 4 is
presented in Kumar and Deo (2004) and hence not discussed in the present
paper. At location 4, TMA spectrum (Bouws et al., 1985) matched the
observed sea spectra very well when the sea breeze was active (Neetu et al.,
2006). During this period the significant wave height was less than 2 m. For
high waves, it was found that TMA model, without modifying the model
parameters, over predict the maximum spectral energy, similar to the

JONSWAP model.

Various theoretical spectra used for comparison with the measured spectra

are given below.

2.2 JONSWAP Spectrum

Observations made during the Joint North Sea Wave Project (JONSWAP),
found that the Pierson-Moskowitz spectra (1964) underestimate the spectral
peak which could be due to the assumptions of fully developed sea condition.
Hasselmann et al. (1973) showed that the spectrum in the young sea state is

described by,

2 5( f - exp{f(f_f”)z}

ogd 25%f2
S(f)=———exp ——| — . P 1
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Where, S(f) = spectral energy
o = Phillips constant =0.0081
g = acceleration due to gravity




f = wave frequency
{0.07 f<f,

2
0.09 fxf @)
fp = frequency corresponding to the peak value of energy spectrum

For the mean JONSWAP spectrum, y = 3.3. JONSWAP spectrum is widely
used for North Sea (Chakrabarti, 2005). Ochi (1993) fitted the JONSWAP

spectral form to the hurricane data and represented JONSWAP parameters

as below:
o = 4.5 Hs® f,* (3)
y=9.5 Hs"*f, (4)

Young (1988) showed that

o = 0.008 (U1o/Cp)°" (5)
y =1.9 (6)
Where, Uqo = wind speed at 10 m above mean sea level

Cp = wave celerity corresponding to peak period

2.3 Donelan et al. (1985) spectrum

In the JONSWAP spectra the high frequency tail of the spectrum decays in a
form proportional to f°. A number of observations found that high frequency
decay can be better approximated by a form proportional to f*. Using this
assumption and extensive laboratory and field data, Donelan et al. (1985)

proposed the fetch limited spectral form as given below.

4 (5, ?
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p

Donelan et al. (1985) related the JONSWAP parameters with wave age as

given below:



o = 0.006 (Uso/Cp)>°° (8)
y =1.7 for 0.83 < U;o/Cp < 1 (9)
=17+6 |Og1o (U10/Cp) for1<U4/Cp <5

2 .4 Scott Spectrum
This is modified form of Darbyshire spectrum (Darbyshire, 1959) and is based
on a different data analysis (Scott, 1965). Scott spectrum is expressed in

terms of Hs as given below;

_ 2
s(0) = 0.214 H2exp{ ]~ s) 12
0.065(w —w, +0.26)

-0.26<( w-wp )<1.65  (10)

0 otherwise

Where, s(o) is the spectral energy at angular wave frequency ‘o’ and o, is

the peak angular wave frequency.

Scott spectrum is used for the Indian coast (Dattatri, 1977; Narasimhan and
Deo, 1979; Kumar et al., 1994). The probable reason might be the fact that
the original validation of Scott spectrum was carried out using considerable
swell dominated data. Similar situation usually prevails at many sites along

the Indian coast.

The Scott-Wiegel spectrum (Wiegel, 1980) is also used for comparing with the

measured spectra.

3. Results and discussions

3.1 Wave parameters



Sea state is generally defined using few parameters derived from the wave
spectrum. Significant wave height (Hs) and peak period (Tp) are the most
commonly used parameters. Range and average value of wave parameters of
the data considered in the study along with water depth at the location of
measurement is presented in Table 2. Mean wave period associated with high
wave is usually obtained by assuming a significant wave steepness. In the
present study, it was found that To, varied between 3.2 Hs%® and 5.5 Hs®®
(Figure 2). For deep water waves, the significant wave steepness is 1/18 and
will result in To, = 3.4 Hs®®. In case of fetch limited waves, wave steepness of
1/14 is applicable. The significant steepness of the waves considered in the
study varied from 1/16 to 1/47. ISSC (1979) recommends Ty, in a range of 2.6
Hs®* to 3.9 Hs%®. The present study shows that Ty, varied beyond this range.
Labeyrie (1990) found To, = (8 Hs + 21)°* for the data from Frigg field and this

equation provides an average value of Ty, for a given Hs value (Figure 2).

Tp was found to be between 3.9 Hs%® and 8.85 Hs®® (Figure 3). Using
JONSWAP spectrum with y as 1, period corresponding to spectral peak is
1.41*Tyo. Tp was found to be varying between the values estimated using the

equations (Figure 4) given below.

Tp
Tp

7.44 Top -28.2 (11)
13.9 - 3.6 Tz + 0.39 Tgp? (12)

3.2 JONSWAP spectral parameters



The range and mean value of a and y obtained by matching the JONSWAP
spectra with the measured spectra for different data set collected at various
depths are shown in Table 3. The study shows that y value varied from 1.1 to
3.3 with an average value of 1.63 and the a value varied from 0.0005 to
0.0095 with an average value of 0.0027. Average value (0.0027 and 1.63) of
the JONSWAP parameters, o and y were less than the generally
recommended values (0.0081 and 3.3). The difference may be due to the
large fetch available at the measurement locations along the Indian coast.
JONSWAP measurements were limited to a maximum fetch of 160 km. Young

(1998) found that the mean value of y is 1.9 for the hurricane data set.

It was found that the value of JONSWAP parameters (o and y) increases with
significant wave height (Figure 5) and mean wave period and decreases with
spectral peak period (Figure 6). A multi regression analysis is carried out
relating the JONSWAP parameters with Hs, Tp and Ty, and the following

empirical equation is obtained.

o = 0.18 H{®2 T °%° 7% (13)

y=8.38 H(S).57 -I-p—1.26 ngm (14)

In the above equations, the unit of Hs is m and that of T, and Ty, are s. Even
though the above equations are dimensionally in-correct, it was found that
JONSWAP parameters estimated using these equations were close to the
values obtained from the measured spectra. In the present study, the range of
significant wave height considered is from 2 to 5.7 m and the water depth at

the data collection locations varied from 12 to 70 m. The validity of the above



equations for conditions beyond the range of significant wave height and
water depth considered in the present study needs to be investigated. Since
in the present study simultaneous wind data was not available at all locations,
the study results were not compared with the earlier studies relating

JONSWAP parameters with wave age.

3.3 Wave spectra

The comparison of wave spectra estimated based on various theoretical
formulations with the measured spectra for relatively high waves (Hs varied
from 2 to 5.7 m) shows that the JONSWAP spectra with the JONSWAP
parameters estimated based on equations (13) and (14) closely represent the
measured spectra (Figures 7 and 8). For higher wave heights the spectral
peak estimated by the Scott and Scott-Wiegel spectra was lower than the
measured peak value. It was found that the Donelan et al. spectra
overestimated the spectral peak. In the present study, the wave with Hs more
than 2 m is only considered and found that most of the spectra were with
predominant single peak. The average value of the spectral peakedness
parameter was around 2 showing the spectrum was narrow band spectra.
Root mean square value between maximum spectral energy obtained from
measured and estimated using JONSWAP with modified JONSWAP
parameter is less compared to that estimated based on other spectral models
(Table 4) at all locations considered. The spectral shape of the JOSWAP
spectra generally depends on the peak frequency. In the present study, the

peak frequency from the measured data is used instead of the fetch. In areas



where measured data is not available, the equations proposed in the present

study can not be used.

The measured spectral shape in the high frequency region lies between the
curves proportional to f° and 2 (where f is the frequency) and is close to .
Hence the high frequency part is estimated reasonably well using the
JONSWAP spectra with modified parameter (Figure 9). Young and Verhagen
(1996) found that the exponent is approximately -5 in deep water and around -

3 in finite depth. In the present study such reduction could not be observed.

The maximum (or peak) wave spectral energy density estimated based on
various theoretical spectra with the measured spectra is presented in Figure
10. The maximum spectral energy estimated using JONSWAP spectra with
the JONSWAP parameters estimated based on Ochi (1993) was found to be
lower than that estimated using Scott and Scott-Wiegel spectra. The least
square error between the measured and estimated maximum spectral energy
was 3.18, 5.08, 5.85 and 5.85 for that estimated using JONSWAP spectra
with modified parameters, Scott-Wiegel, Scott and Donelan et al. spectra
respectively. The maximum spectral energy was estimated reasonably well
(regression coefficient = 0.95 and the least square error was minimum) with

the help of JONSWAP spectra using the modified JONSWAP parameters.

All spectral models predicted the low energy part well. In order to have a
comparison between the measured and theoretical spectra, the spectral
moments m, (zeroth), m4 (first order) and m; (second order) estimated from

the theoretical spectra are compared with that estimated from the measured



data (Figure 11). Scott and Scott-Wiegel spectrum estimated the zeroth

moments better than other spectra.

4, Conclusions

In the present study, waves with Hs varying from 2 to 5.7 m are considered
and found that most of the wave spectra were with predominant single peak.
The average value of the JONSWAP parameters, o and y was 0.0027 and
1.63 and was less than the generally recommended values of 0.0081 and 3.3.
The JONSWAP parameters can be estimated using the following expression.

o = 018 Hl.sz Tp’3'53 ng,34
v=8.38 H2'57 Tp—1.26 -I-é)ém

The maximum spectral energy was estimated reasonably well (least square
error was minimum = 3.18) with the help of JONSWAP spectra using the

modified JONSWAP parameters.
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Table 2. The range and average value of wave parameters of the data considered in
the study along with water depth at the location of measurement. Values inside the

bracket indicates average value

Wave Water depth at location of measurement (m)
Parameter 12 14 18 23 50 70

Hs (m) 2-3.7 2-5.7 2-3.6 2-5.7 2-3.3 2-2.8
(2.3) (3.1) (2.5) (3.2) (2.8) (2.4)

Toz (s) 54-76 | 6.1-8.7 | 45-81 | 5589 | 51-7.3 | 53-8.2
(6.9) (7.3) (6.3) (7.3) (6.4) (6.4)

Tp (s) 7.1-14.3 | 8.3-143 | 59-13.3 | 83- |[5.9-14.3| 7.7-13.3
(10.2) (11.8) (10.7) 13.3 (9.9) (9.3)

(12.0)

Maximum 2.2-339 [4.1-63.3 | 1.9-27.3 | 4.1- |2.7-20.0 | 3.0-16.9

spectral (8.1) (17.9) (8.2) 88.0 (10.4) (7.3)

energy (20.9)

(m?/Hz)

Peakedness 1.49- 1.59- 1.27- 1.51 - 1.37- 1.42-

parameter 3.75 3.59 2.99 3.41 2.86 4.25

(Qp) (2.23) (2.28) (1.79) (2.19) (2.04) (2.22)

Table 3. JONSWAP parameters
different locations

estimated from the measured wave spectra for

Location o Y
number
Range Mean Range Mean

1 0.0005 —0.0071 | 0.0028 | 1.095-2.676 | 1.6495
2 0.0007 — 0.0087 | 0.0026 | 1.152 - 3.075 | 1.6096
3 0.0005 —0.0095 | 0.0023 | 1.095-3.267 |1.5190
4 0.0007 — 0.0070 | 0.0026 | 1.148 —2.649 | 1.5955
5 0.0006 — 0.0078 | 0.0036 | 1.119-2.844 |1.8318
6 0.0005 —0.0055 | 0.0033 | 1.098 -2.286 |1.7705




Table 4. Root mean square value between maximum spectral energy obtained from
measured and various theoretical spectra at different locations

Location | Root mean square value between maximum spectral energy obtained
number | from
Measured and Measured | Measured | Measured Measured and
JONSWAP with | and Scott | and Scott- | and Donelan | JONSWAP
modified spectra Wiegel et al spectra | with Ochi
parameter spectra parameter
1 3.35 3.93 3.68 3.22 4.73
2 3.68 6.37 5.69 6.79 7.78
3 1.95 2.89 2.74 2.92 3.41
4 4.54 10.15 8.37 9.37 10.93
5 2.29 2.70 2.64 3.33 3.36
6 1.69 1.92 1.86 2.27 2.48




Apnjs ay) ul pasn ejep anem painsesw ayj Buimoys suoneoo ‘| ainbi4

(3 6ap) spnjibuoT

v6 06 98 és8 8. v/ 0.
| | | \ / | | - |
0.. <XZhA/|_ gS w ®
¥, .. } - )
i o A/..- hﬂl/ 1.‘;&\ by
i Aw‘_.xwv\
.ll\n ]
V% _\. i ../.
m pleuusyd 4 VS NVIgvydy
: NRINEE k.w
’ 40 Avd M Z Uoneoo
t eo9 .ﬂ.v uoneoo
9 co_ymool_omw c,:m uex /
| uopeso -
: .\ch#mamcv_mwS w
2> s _mo_E:_\/_A
¢ uopeso = |
/ uoIje20 .»\Q_Uﬁmn_ / P
..,& 5 1o |_.o \x.w VIANI W\ ~
ATy 3

ol

142

8l

¢c

(N Bap) spnye



1yBiay anem jueoiiubis yym pouad aAem uesw Jo uonelep g ainbi4

(w) 1HOITFH IAVM LNVOIIHINDIS

9 v rA 0
_ _ _ ¢
w ON +
w Om *
w eg v B
w gl o
w .V—‘ o M
Wzl —S >
yidep Jajep Z
=
>
<
— m
ik
m
2y
)
— W)
@
so(SH) € =1
co(LZ+SH.8) = 01
— 6

go(SH) 66 =90



1yBiay anem jueoniubis yym pouad anem yead jJo uoneLep

(W) 1HOIFH IAVM LNVIIHINDIS
9 S % €

N

‘¢ ainbi4

o O% 55

o 00 O 00 + - Wk e

go(SH) 6'¢ =dL

O N SIS YRR HHHETERHHHER EHHE WIS

o v ow DN R AOWMING AP HEHE - e

o o W 0 0O Vooud

o v o v ov o @ W

o © VO ® VO 0vVeomy X ow

v v w v 0 WW OW W ®VVEDC

VYW vV VW VvV ¥ PO@®™W ® ©CO0ADO OB WIDDVO VYOV W

w0/ +
w Qg »
w ez v
w gl o
w {71 o
co(SH) 688 =dL wzl
uidap Jorep

— ¢l

— 9l

— 0¢

(s) aord3ad IAVM Mvad



polad anem uesw yym porad anem yead Jo uonelep " ainbi4

(s) dord3ad IAVM NvaIN

4" ol 8 9 1% c
_ ! _ ! _ ! _ ! _ ! o
2’1 6€0+%L.9¢-6¢€L=d1L -
w0/ ; -y
w 0g *
wee v L _..m
E@r o W
w | ° — 6 s
wel z
yidap Jajepn - m
-
D
I P_‘ ﬁIU
O
- O
— €1l
NO|_|«.—‘.V.—‘ HQ|_| WOW OV SREDGIRNG G0 OV (00 Cak

28z-21 ,wps=dy — S



1yBlay anem
weoubis ypm jueisuod sdijiyd (g) pue ybiay anem juesiiubis yym Jaysweled juswaoueyus yead () Jo sio|d 1epeos G ainbi4

(W) LHOIAH IAVM LNVOIHINDIS

9 S v € 4 b
| | | | | 0
- 200 3
w o/ + | =
w 0g . v . M
wez . o BT - vooo 3
w . r (@)
8l o S
wyl ° ~ 9000 Z
v o o wn
wek . i 3
uyidap Jsjen ° qu
o ¥ - 8000 5
° o |
(@ | 100
9 S b
[ , L %
>
L =
z
— g1
w + T
0L | <
w 0s » .. pd
w ez v vy <<< v, Iz _.nw_
vV v Yy W
w gl o i B =
w1l o W_
wzl v o o — sz g
yidap Jajepn o7 >
. = p
° =
o o [ m H
. v) + m
Pyl



pouad anem yead yym juejsuod sdijjiud (g) pue pouad anem yead yum Jajaweled juswasueyus yead (V) o sjo|d Japeoss "g ainbi4

(s) AOIYad AINYM MV3d

Sl gl L 6 L g
| | | | | 0

o H i |
) m m m m 0 - 2000 T
8 m g m . I
° i i 1 - —
w0/ + g m : £ C
v - a L . T
w oS . T m ; M P 000 D
w ez v A R i I 3
wel ; .. " o P e o - 9000 Z
w i ° 8 F ulv_
wel o .t - 8000 5§

yidep sajep o .

(s) @or¥3d IAVM Mv3ad : @L 90

Sl gl L 6 L g
, | | | | L _.._n.__
2 m B V
o . - =
[e] m . m

g — g1

w I :
w 0. + 5 m E m M = mNu
W os ’ m g : § W w ¥ — L
w ez . ¥ B o+ <
v v 8 * m 5 5 [ m
w w—\ " e ° w s a o . W_
w | o v° . — §'¢C T
wzl . B 2
yidap Jayep ° e =
’ ) o
o ~ m
A



yydep Jayem w gL (D) pue yidep Jayem w 1 (g) yidep Jajem w g| (V) 1e eljoads |eonaloay) yum eljoads painses|y /. a4nbi4

| (2H) ADINNOR | (2H) AO3INND3A (ZH) ADINNOINA
0 €0 20 10 0 .vko mko ¢0 10 0 0 €0 Z0

ol

Gl

(ZH/°w) ADYANT TVYLO3dS

8l i €g = 4 66'} I
geooo = » 99000 = ® — 09 ¥¥000 = D
sihL= dL -0z sgll= dl soL= dl oz
sL.= “1 slg= “1 L s, = “
woe= SH i wyGg= SH wge= SH L
w gl = yidap Jajepp ) | oz w 1 = yydap Jajep () - o8 w Z| = yidep Jajepp )
= G¢

1393IM-L1LO00S ——+——

11008

(NOILYND3I A3S0d0¥d NO d3sva SHILIANVHVYd) NV1INOQA
(IHOO A9 A3S0Od0OYd SHILINVHVd) dVMSNOIr ——o——

(NOILYND3 d3S0dy0d NO a3svd SH3LINVHVd) dVMSNOP ———+———
a3dnsvan



yydep Jayem w o/ (D) pue yidap Jayem w oG (g) yidep Jaiem w ¢z (V) 1e eljoads |eonalosay) yum eljoads painses|y ‘g ainbi4

(zZH) ADINNDOIYA

¥'0 €0 A

9L = 4
LEO0D = ©
sooL= diL
sy9 = “L
wegeg= SH

w 0/ = yidap Jajep

(zH) AOaINNDO3IYA (zH) ADINND3IYA

0 ¥0 €0 A L0 0 ¥'0 €0 A L0 0

eg'L = 4 0 60z = A | -

i
GE000 = ® - S S000 = © |
I sgoL= dl sgel= dl N
se9 = “I i sgg = | i
wege= SH w/G= SH
L g, W Qg = ydep Jajep (a) L oz w gz = yidep Jayepn (v) L

7393IM-LLODS

110908

(NOILYND3 d3S0d0O¥d NO d3svd SHILINVHV) NV1ANOQd

(IHDO A9 AISOdOYd SHIALINVHVC) dVMSNOlF ——o——

(NOILVYND3 d3S0OdY0d NO a3sveg SYILIANVHVA) dVMSNOF ————+——
a3xyNSYanw

(ZH/-W) ADYANT TVHLO3dS

08

(0[0]2



"2InBy 8y} Ul UMOYS Os[e S| .} pue _} 0} euoiodold aoey Aouanbauy ybiy ay L

"Jejaweled palipow Yim 4yMSNOr Buisn pejewnss jey) pue eljoads painsesw sy jo Led Aousnbal) ybiy jo uoneuep "6 ainbi4

(zH) ADaINNDIYA
Gc'o

¢0 S0

(zH) ADINNDIYS
SL'o

§¢0 [4)

(zH) ADIANNDIYL
G20 0 S0

10

9L = 4
1000 = L
sQoL= diL

sy9 = “L

wgzZ= SH i

w 0/ = yidep serepy ()

w 0§ = yidep Jejep

(zH) ADANNDIY -8 (zH) ADINNDIYA -
€0 GZ'o 20 SL'o 1’0 €0 oAl c0 S0 1’0
L . | | | | | 0 ,
N\ L
861 = A / Nt
vy000 = © A\ 99000 = © U\ L
sgoL= dL o sglL= dl el |
va - Ncnr m_‘w - Non_l /
wge= SH wyg= SH B
w g1 = yidep serep (0) w | = yydep Jojepy (9) L
Gl
edp —————  §
0e o ——————

d313NVEVd A3I41A0N HLIM dVMSNOPr

O
a3dgnsvan

ol

Gl
(zH) ADaINNDIYA
€0 Gco c0 glLo [
0 | | - | |
S
66'L =
¥¥00°0 =
oL sgL= di
s = %1
Gl w wa = w—l_
w g} = ydep Jejepy (V)
0c
[*14

60°¢

G000 = ™
sggL= d1
sgg = L
w/G= SH

w gz = yidep sorepn (@)

ol

Sl

ol

Sl

0¢



‘BJ)0ads

|[EONj@IO8Y) SNOLIBA WOJ) paulelqo eyl pue elqoads painsesw uo paseq ABleus |esjoads wnwixew jo sjojd Jeneog 'gl ainbi4

V.1VQa a39NSYIW NO d3Svd (ZH/-W) ADYINIT VHLO3dS WNINIXYIN

06 08 0L 09 0S oy o 0z ol 0
L 1 1 1 1 1 1 1 1 0
0 oop 22 ol w
o o ’ x
r =
o o© Y c
5 oty o re =
° © o o'
mh S mw.m w,m‘n e r _..m
g, CERPY S - og o)
S v . ++< H+ : + 3
. mnw s 8.7 ¥ g e H >
. e + #+n+ -
. o, o+.< ++ +H+ : L ov m
s s SOy 8 << v} | E
v, v ®
v v vy * — 0§ <
. ) T
. . - 09 N
. o oy
- >
. 0
., I~ 0L o
- | o)
+ Z
I—
+ — 08 T
m
F @)
m
- 06 i
| Q)
>
P
INITHOLYIN L1O¥X3 ———— [ 00} @
71393IM-LLOOS v L m
1100s . oL 3
(IHOO A9 NOILYND3 NO d3Sve SHILINVHVd) dVMSNOrP 0 >
(NOILYND3 a3s0dodd NO d3svd SY3LINVEVd) TV 13 NvT1INOd -
(NOILYND3 a3S0d0dd NO d3Sve SHILINYHVA) dYMSNOP -




Zw (D) pue ‘w (g) ‘ow () enoads [eoneloay) pue painsesw Uo paseq palewiise sjusliow [esjoads Jo uoneuep || ainbi4

V1va a3¥NSYIN NO g3sve ‘w

v00 €00 200 100 0
| | | | 0 Zw
+ 5 @
L >
¢ @
0 = obwo 3
3 z
o%’. o o I ul_u_
Oy m
, Eoer o -z00  Q
o Bo
vs - ! i i V.1vad a3¥NSVYIW NO a3sve ‘w
e e 9
o WS Dl 3 v g z ! 0
S . mm - €0 , , ! ! 0 3
. e 0 nnnnnn_ o T °©
a7 r 8 r M
CH (0 3 A
a - v00 £ l, ©
v.1va a3¥NSYIW NO a3asve 'w >
€0 z0 10 0 r 7
, , , 0 3 7z O
\ © m
& ‘ 4
r (@)
o =
o ~e D
o ulm [ (@}
[¢] + I—
2eBL. 0o ‘ o WL, 3
o : 2
op H
e M@D E -z0 D 3NITHOLVYIN LOVX3
m m% umu% m 1393IM-1100S v
s g . pe 11008 .
L @ m (IHOO Ag NOILYND3 NO a3sved SHILINVHV) dVMSNOr o
o = €0 > (NOILLYND3 a3SOdodd NO a3svd SHILIWVHV) Tv 13 Nv1INOa o

(NOILYND3 d3S0d0O¥d NO a3Sve SHIALINVHV) dVMSNOT +



