Appendix 6-3

Wave Analysis at the Masinleoc Site

1. Outline

1.1 Object

As a part of the feasibility study on the coal-fired thermal power :

project in the Republic of the Philippiﬁes, the design wave and calin-

ness in port at the Masinloc site are analyzed by a large computer.

1.2 Materials

The materials used are shown below:

(1

(2)
(3)
(4)
(5)
(6)
)]

Philippine Island Pilot 1983 (The Maritime
' Safety Agency)
Wave Height Rose

Troplcal Cyclone Summaries 1948 - 1978 (PAGASA)
Tropical Cyclone Report 1981 ~ 1988 (PAGASA)
Meteorologicél Data at Iba Station 1981 ~ 1985 (PAGASA)
Map of the South China Sea 1/1,000,000 '

Sea Chart (Masinloc) _ . 1/25,000

1.3 OQOutline of .the Bite

(1)

Wave Characteristics of the western sea area of the Philippine

Tsland.

According to the Philippine Island Pilot and Wave Height Rose,

the wave characteristics of tﬁé South China"séa are as follows:
{Winter)

Because'the South China Seé;éxténds widely from northeast to
southwest and the seasonal northeast winds are strong and con"
tinuous, wind wave height of. 1.5 m or more have a probabillty of

from 207 to 50/ in winter.

The swells of 3. 7 m or more have a probability of 5/ to 10% . 1n
the South China Sea. '
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The prevailing wave direction is northeast. Wave heights of
4.75 m or more have a 3.8% probability, The high-wave period is

twelve seconds or more, similar to a swell,
(Spring)

Prevailing wind waves come from the south or southwest in the
csouthern half of the South China Sea, and form the northeast in
the northern half. In the extreme north of the South China Sea
and the Taiwan Straits, wave heights of 1.5 m or more have a 20%

to 30% probability in thils season.

In this sea area, the probability of high swells is 5% in this

" geason. The direction of the swells is about the same as that of

- wind waves.

The probability of waves having a height of A.?S‘m or more is
about 0.7%.. -

(Summer) -

‘Infthe'dentrai part of the South China Sea, the probability of
© wind waves having a height of 1.5 m  or more increases to 30% or

more; and prevailing wind waves come from the south or southwest.

The probability of high swells reaches about 10%Z in the South

China Sea, and prevailing swells come from the south or southwest.

The tthoon season in the Northern Hemisphere continues from May
u'tb'ﬁe?éﬁbér; and the most powerful storms arise in August and
Séﬁtéﬁbér; ‘For the past ten years, tﬁentj troﬁical low pressures
En'aﬁféﬁérége'paééé&'éhéough between Luzon and. Taiwan each August
and September. The low pressures have exerted great inflience on

the South China Sea.’

Low:pressure_areés generated in the Paecific Ocean develop:into
':nyphobns nore frequentiy;than in-the South China Sea. 1In the
storm area:there are violeﬁt wind waves, and.storm swells

: spreading:frdm the area are frequently high and consplcuous in

areas a long distance from the storm.
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i.4

The probability.of the swells having a helght of 4,75 m or more
is about 0.6%, and the period of high waves is from eight to

thirteen seconds.
{Autumn)

There are two kinds of wind waves in the South China Sea.
Prevailing wind waves cone from'the.sQuth or SOutthst in the
‘southern half of the South China Sea, and from the northeast in

" the northern half. The probability of wave’heighté-of.1.5 m or
more 1s about 12 in the southern’part of the sea, and iE_

increases to 80% in the Talwan Straits.

High swells-occur- at northweSternépart”with a 10% to 20% probabi-
iity in this season. In this sea area, the directions of pre-

valling sweels close to that of the wind waves.
The probability of wave heights'of 4.75 m or more is 3,1%.
(2) Topographical characteristics

' The.project:site:is located in the-small bay:on the west coast of
‘the Luzon:Island, The bay opens widely to the South China Sea at
its western part and there are shallows with water depth of 2 m

to 3 m by coral reef in the bay.

Method of Analysis
The design wave means-the maximum_wave;for_designing_theﬂmarine faci-

litles of a power station. Both waves, . the swells coming from

_ northeast by the seasonal w1nds in winter and the wind waves coming

from southwest by typhoons and tropical low pressures, can be iden~
tified as hlgh waves in the South China Sea._ Since the .bay opens to
the west and the waves from west or southwest by typhoons only seem to
exert a large influence on plant facilities, the. design wave will be
calculated based on typhoon data...The calmness in the port is related

to the working rate and days for berthing and unloading coal. The -

‘calmness will be calculated:by-the'o:dinary wind.-data recorded for

five years at 1ba station near the site.
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2,

S 2.

2.2

Design Wave

Calculating Procedure of the Design Wave
The calculating procedure of the design wave 1s shown in Fig. 2.1.

At'first,'obéefviﬁg the records of:typhoons for the past 29 years
(1960 to 1988), the typhoons will be selected ‘that appear to affect
this site. '

Next, the distribution of wind velocities is estimated based on the
track the central’ atmospheric pressure and the size of the selected

typhbons. The development of wind waves and thelr movement are esti-

mated by the numerical calculation of B. W. Wilson's significant wave
‘method. The estimated waves are deep water waves at the off-shore of

the site. The probability wave For a 50-year veturn period is calcu-

lated by Petruaskas Aagaérd‘s'method using the most significant wave

height among those generated by each typhoon.

The'pfobability wave at the off-shore are influenced by the sea bottom
and land before they-reach the project site. They are transformed by

diffraction, shoaling and wave breakiﬁg. Such wave transformation

will be calculated by the numerial calculation of Karlsson and the

wave ‘breaking model of Goda..

. Waves at the project site include not only components of deep water

wave butjalso those generated between the bay mouth and the project

site. These waves generated in the baj are estimated by the signifi-
cant wave method of B. W. Wilson using a wind velocity that

corresponds to the probabiiity wave for a 50-year return period.

The design wave is obtained by synthesizing the energy of both kinds of
waves at the project site.

Typhoons

Slxteen typhoons have been selected that have the max1mum size among

those that éross ‘the Luzon island or Iinger on the west coast of the

" island after 1960 (for 23 years) referrlng to the materials about

typhoons, TrOpical Cyclone ‘Sunmaries (1948 - 1978) and Tropical
Cyclone Reports (1981 - 1988). '
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2.3

Table 2-1 shows a list of the selected typhoons.

Figure 2-2 illustrates the track of the selected typhoons.

‘The data after 1981 contain central atmospheric pressnres and'tracks

of typhoons, maximum wind veloc1ties with these time, positlon and
atmospheric pressure. The distance between the typhoon s center and
the position of maximum w1nd velocity been calculated using these data

to show the typhoon's size.

The data prior to 1980 contain tracks of typhoons, maximum wind velo~

cities with these time, p031tion and atmospheric pressure. The
atmospheric pressure at the typhoon s center is estimated by these
data, In this case, the distance between the typhoon s center and the
position of maximum wind’ veloc1ty is set to 100 km, This is Lhe

average value for the typhoons after the year 1981.

Deepwater Waves

The grid method.is applied to the numerical.calculation of :B. .
Wilson's method inra computer. The - gr:d method is shown in Fig. 2-3
where the area for analysis is 1, 000 km in the easr and west direc—
tion, and 1,300 km in the north and south:direction,iincluding the
Luzon island. The area is divided into grids'at an‘interval'of id km.
A’ typhoon is made to pass through the area, determining its center
position, central atmospherlc pressure, and the radius in which occurs

the maximum wind velocity.

The atmospheric preésnre distribution of -the typhoon 15 calculated by

Myers' formula as shown below.
P (r) =Pc +APexp (=10 /1)

Here, Pc is the central atmospheric-preSSure AP 1s the'depth of the

centrel atmospheric pressure, is the distance from. the center of a

_typhoon and x0 is the distance between the center of a typhoon and the

position of the max1mum wind velocity.
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The wind velocity distribution is calculated as the synthesized force
of a gradient wind velocity and a typhoon moving veloclty as shown

beldw.

-U:C‘, F(r) »\/'.1+M2 ~M (sin t?—;q/m'éﬁ cos @)

} [AP 1o toy ¢f 7 -
F(r) = [-—— - exp .—~—'_]~'~[—-rJ =T
pa - r - % -7 2 2
o - X/?—PQM cos 6
B = tan“[ - : ]
' - 1—2M siné
' M:V/F_ (Tn)

Here, Cy is a constant having the average value of 0.7, P, is the den-
sity of air, f is the coefficient of Coriolis, W is the angular velo-
city of the rotation of the earth, and g is the latitude where the
angular velocity is measured. (j = Za)sinfﬁ

Using the calculated wind veloéity distribution, a significant wave
. height H1/3 and a significant wave period T1/3 are determined. In the
numerical caleulation, the differential equation of B. W. Wilson {s

used as shown below.

gHise /U2 =0.30A (1— {1+0.008/A)(g F /U2 -7
8 T1e/2 nU=13TB {1— {1+0.008/B)(g F/U»¥? ) 5}

A=tanh {0,578 (sh/U%)2%)
B=tanh {0, 920 (gh/U*) 7%}

Here, F is the fetch léngth and U is the wind velocity, h is the water

 depth.

The aboﬁe analyséis is performed at an interval of ten minutes to
calculate the signifihant wave height, the significant wave period and
the &istribution of wave directions. Fron the results“of ﬁhe analy-
Sié, the.maximum value.of significant wave heights is extracted for
,eath_wave direction ofrthe deepwater waves-at the off-shore of the
sité,. Simﬁltanéously,,a_significant wave period and a wind velocity

are also extracted (Table 2-2).
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2.4

2.5

Probability Wave . ..

For ‘the five directions (SW, WSW, W, WNW, NW) that will have an

influence on the sea area of the project site, the significant wave
height and the sighificant wave pericd of déépwater‘waves having
return periods of 100, 50, 40, 30, 20, 10 and 5 years are calculated

using the maximum waves of typhoons (Table.2~2).

The probability-wéve is calculated by using the method_of Petruaskas
Aagzard, an exitreme statistical theory. In this method it is asshmed‘
that the probability of nonexceedanée of wave heights dépehds-eicher
on the Gumbel distribution or on the Weibull distribution. The form

- of distribution is determined by the method of least squares. A

significant wave period and a wind velocity of a probability wave are

caleulated from the relationship with the wave height.

" Gumbe]l distribution
P (H<xm, NJ = exp| —exp ( — __}_{“_gﬁ_ )]
Weibuil distribution

PEH<Xm-NJ=J—Pwp[;(XXB)K]

K=075~20

The calculated probability:wavés“afe shown in Table 2-3 and Fig. 2-4.

The probability wave‘fdf a'SO—yeaf retﬁrn period ‘has the significaﬂt
wave height of from 7.4 mw (¥W) to 10.2 m (5W), and the signifiéant wave
period of from 107to 13 seconds. Considering Qup'gxper;enca-iﬁ*Japén,
tﬁe probébilityiéave-for a 50~year :eﬁurn ﬁefiodﬂis assumed to be the

design deepwater wave.

Transformdation of Waves:

- Although. the design'deepwatér'ﬁave has been calculaced'at-thé off-

shore of the bay wouth, it is influénced'hy‘Shielding;~diff;action,
shoaling, etc.,cauSed by the neighboring terrain or:changeSZiﬁ the

water depth, until it comes to:the project site'(dutlet,-pier and’
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revetment of the power plant). The transformation of wave is caleu~

lated by Karlsson's energy transfer equatlon.

8 . L8 . &
e (5Ux) + E}r (SUy) +

o]

Where $ is a directional speétrum density, and Ux, Uy, and Ug are

given with the following equations.

Ux=Cg cosfl
Uy:(_lg,sinﬂ

: . -Cigk dc . dc
: = 5 & —
ues C (. 5% sin _ 3y

cos )

Where G is a phase velocity and Cg is a group velocity of waves,

4s the directional spectrum of wave, the Bretschneider—Mitsuyasu type

is used.

S (f, 8) =S (f) +G (f, 6)

Hefe,lS (f)is a frequency spectrum, and G (f, 8) is a directional
spreading function given with the following formula. f is the freugq-
ency and 8 is the angle of deviation from the principle direction of

‘the wave train.

-8 (f) =0 25T(H1rs)*(Tara)™* (£) -5 exp {-1.03 (Tws £) %)

G (f, ) =Go cos 5 (_g_) |

Go= {I_hz_ﬁg cos 2¢ (—g;) dg) -
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$ in the above formula is a parameter showing the degree of direc~

tional concentration of a wave and is given with the following

formula,’

{Smax (1‘/1‘})s . f<f,
5 =

| Smax (f/fs) 2%  f>f,
e =1, (1.05T,1/3)

Smax =1) (iuind wfive)

If the height of deepwater waves is HO', the wave length is Lj, the
slope of the bottom of the sea {s tan@, and the depth of the water is

h, then the attenuation of wave height is calculated using the

following simple formula by Geda.

Ho e {K_,H; o _ (RL, = 0.2)
_ ¥ lmin (B + Bik), Buax B KLH (AL < 0.2)
where By = 0.028(Hf{L)""® exp[20(tan 6)"*]
B = 0.52 exp[4.2 tan #] :
Brsx = max {0.92, 0.32(H:/L,) ™" exp[2.4 tan 6‘3}

The shoaling coefficient X, is obtained from Fig. A mm{

} and max{ } show the minimum
] respectively. tan @ represents the slope of sea bottom.

value and maximum value in {
Similarly, the formula of approximate calculation of the maximurmn wave o, is shown below

| {1 SEH, (ML, Z02)
™ {min {(8F 31‘ il) B Hiy 1. 3—’( H o} (h{Ly < 0.2)

where B = 0. OQQ{HOIL )"° ® exp [20(tan 8)’ ]
B¥ = 0.63 exp [3.8 tan B} :
BE . = max {1.63, 0.33(H/L,)"*" exp [2.4 tan 8]}
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2.6

2.7

This method, as shown in Fig. 2-~5, set the area of'analycis at 9 km x
6 km including the project site, and the area is divided intc'gridc
ﬁith an interval of 50 m. A design deepwater wave (Table 2 3) is
given to the deepwater edge of the area to calculated one by one from
the off~shore to the coast. By calculating as above, a signiflcant
wave height and a wave direction are! obtained on the grid: points of
the calculating area. The sea bottom-level_writ;en in the sea chart
is used for célculation;-andfthc depth of water is calculated based on

the mean high water level (datum'léveli+ 1.3 m).

The ‘distribution of calculated significant wave height and wave direc-

tion is shown in Fig. 2- 6

The design deepwater have (height of'7,4_m to.IO}Z m) at the off-shore
loses most of its energy by“tﬁé wave breaking on che shoal inside the
bay. The height decreases to 2.] m at the odtlet; and to 1.5 m at the

jetty.

Wind Waves in the Bay

When a typhoon comes, it 1s impossible to neglect wave'generqtion inl
the bay. Waves generated in the bay are calculated in_the previously
mentioned five directions (SW, WSW, W, SNH, NW} by using B, W.
Wilson's method. The wind velocity distribution; as the outer force,
is calculated using the wind cocresponding to the probability cave for
the 50-year return period in each wave direction, which 1is shown 1in

Table 2-3.

The wind wave height is 1.0 m or less in the_neighborhood of the pro-
ject site.

Design Wave

The components of the deepwater wave and the wave generated in the bay

are synthesized by energy combination at each grid point.
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{Combined wave) = [(Component - of the deepwater wave)2'+
: Vo

(wave generated in the-bay)2]
The distribution of the éignificant wave heights of the synthesized

waves: are shown in Fig. 2-7.

The maximum significant wave helght is shown in Table 2-4 for each

- wave direction at the project site. -

Thé maximun height of ;he_synthesized wave is 2.3 m at the outlet, and
1.8 m.at the jetty. Considering_thg impqrténce of the facilities and
the suppositioﬂs of calculation, a required allowance is added. The
design wave is set at 3 m at the outlet, and 2 m at the jetty and the

revetment of the power plant.

3. Galuness in Port
3.1 Calculating Procedure for Calmngss in Port
The calculating procedure for calmness in the port is shown in Fig. 3-1.

At the outset, thé materials-régéfding winds'(IQBf to 1985) at.the Iba
station_a;g_grfanged to enable understandiﬁg the wave characteristics
_at.;he éite.‘,The_da;a at Tba should be converted into the wind
veloé#ty:on the sea {at the height of 10 m).

Next, deeﬁwater waves are-estimateé by'S.M.B. methbd based on the wind
data and fetch length {(distance to the beach) from the off-shore point
of the site, -

The wave transformation that occurs when deepwater waves reach the
position for detéfﬁiﬁingicélmﬁéés,'is éaléulated by the same method as

is used.for the design wave.

_ The_wéveS-gc_phe ngjegp'gite, include'qot_qnly fhe components of

'déepﬁéfef ﬁaQés,.But é1§p:Q§vgs geng;aéed“between thé_bay mouth'aqd

_ the project site. These ﬁa#es generated in.the bay are estimated by
usiﬁg 5.M.B. significéﬁt wave method based on the wind data and the
fetch length (distance to the beach) from the center of the position

where the calmness in the port is calculated. Waves generated in the
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bay, are little influence by the terrain of the sea bottom, because
they have a short fetch length and a short period. Thérefore, their

diffraction, shoaling, and wave breaking can be neglected.

Waves at the position for calmness calculation are obtained from the

energy synthesis of both the above-mentioned waves.

the conditions that enable coal vessels Lo berth and unload are a wave
height of less than 0.7 m and a wind velocity of less than 13 m/s in

front of the jetty, and the calmness that is the frequency of

'satisfying such kinds of wave and wind is calculated.

Ordinary Winds

The data of wind speeds and wind directions for every three hours for
five years from 1981 to 1985 at Iba are used for the calculation

below.

Iba station is located at 37 km scuth from the site as shown in Fig.
1-1. The distribution of wind speeds and directions is shown in Fig.
3-2, and the frequency of wind velocity in_Table_3—l. 

The wind meter 1s set 30 ft (9,15 m) above ground'surface; tHat is
13.75 m above sea level at Iba station. - The naighboring terrain is
flat and there are né obstacles to prevent winds. The béééh”ié about
300 m southwesg_qf the station. '

In generalk’landzhéé”a'larger friction than sea, SOVthat"thé'wihd"from
sea tends to diminish its velocity on land depending dﬁ'thé'terrain,

wind direction, ete. The ratio of wind velOC1ties at 10 m above the

beach to 10 m above sea is calculated by follow1ng formula.'

U (on sea) = U (beach)/0.9

‘The formula 18 contained in “Shore Protection, Planning and Design” of

U.5. Army Coastal Engineering Research Center.
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3.3

3.4

. The difference:BeCWeen,the height of the wind meter (9.15 m) and the

defined height of the wind on sea {10 m) can be neglected,'because it

is very small.’

Deepwater Waves

Deepwater waves are estimated by S.M.B signiflcant wave method men-

tioned above.

The fetch 1ength.(distance'td the beach) is measured at intervals of
four degree referring to Fig. 3-3. The effective fetch length in each

direction is determined by SaV1lle s method,

" F= Zflcosﬁl Z cos Bl
ﬁhere F is.the éffective fetch.léngth-in.the éirection, fi is the
distance to the beach with the angle of &i toward the direction.

The calculated, effective fetch length is shown in Table 3-2.

The deepwater waves are estimated with wind data at intervals of three

hours.

The distributions of significaﬁt wave heights and significaﬁt wave
periods are shown in Table 3-3.  The deepwater wave height of 0.3 m or
less is 75%, and 1.0 m or less is 93% (average value for five years).
T:ansformation.df'ﬁéVes

Deepwater waves are transformed by dlffractlon, shoaling, and wave

-'breaklng before they reach Lhe jetty. To calculate such transfor—
_matlon of waves, Karlson 8 energy transfer equation and the simple

formula by Goda are applied, the same ag for the design wave.

Here, the transformation of waves is calculated in three cases of

“significant wave heights (0. 5, 1.0, and 2.0 m}; and in six cases of

wave directions (SSW, SW, WsW, W, WNW, NW). 18 cases are considered

.as ﬁepresentapive; ;Then; the relationship between the height of deep-

waté: aneg.and:the;wave heightfaﬁvthe jetty is determined. By using

- thisfrelationship,fthe wave height is calculated for each wind data at

the jetty.
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3.5

3.6

The results of calculating the wave transformation are shown in Table

3-4 and Figure 3-4.

The deepwater wave heights of 0.5, 1.0, aud 2.0 m are reduced to 0.44,
0.85, and 1.24 m or less at the pler,

Wind Waves in the Bay

Wind waves in the bay are estimated by S.M.B. significant wave method
in the same way as for deepwater waves. They are calculated for each

wind data.

The fetch length for each direhtion is the distance from the jetty to

the beach around the bay, referring_td-Figg "3-5;‘ The -effective fetch

length for each direction is determined by Saville's method as shown

"in Table 3—5.

Table 3~-6 shows the frequency of calculated wind waves 1n the bay.
The w1nd waves in the bay have a height of 0.3 m or 1ess with a proba~
bility of 97%.

Calmness in the Port

A composed wave at the jetty is made by energy synthesis of a’ component

of deepwater wave and a wave generated in the- bayy

{(Combined wave at jetty) =£[(Component of deepwter wéve)2
+ (Wind wave in bay)z]i/z. e

‘' The distribution of calculated wave height at jetty is shown 1in Table

3-7. The combined wave hejght of Q. 3 m or less is 87/, and O 7 m or
less is 96%.

Table 3-9 shows the calmness in the pdrt, tﬁat is thé‘prbbabiliﬁy_of
nonexcéedence for two kinde of critical conditions of winds and waves
(Table 3-8). ' ' S -

The calmness in the port is 96% as the éve:age-valueffof'five years,

under the condition that a wavefheight'is less thaﬁ 0.7 a and a wind
velocity is less than 13 m/s.  The calmness seems to'dimtnish to 71%
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and 74% in June and August, respectively, but it never drops to a

value of less than 85% for two months or wmore.

. According to the analysis, it is considered that this port can provide

sufficient calmness for berthing and unloading.
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Fig. 2-1 Caleulation Metﬁod for DeSign.Havé

Typhoon déta'

Wind velocity distributions
~along typhoon tracks -

Deepwater waves (max1mum wave helghts in dxrectLOns) _
calculated by B.W. Wilson Method "numerical approach -
- to estimate waves in moving fetches" -

Probab111ty wave estimated by
Petruaskas Aagaard Method
. (rerurn pe*1od of 50 years)

. Wiod velocity equivalent Rl
to probability wave

Probability wave elemént -at site

transformed by Rarlsson method :| Wind wave in bay calculated
(biffraction, shoalxng, wave - | - by B.W. W1150n Method
breaking) N I . ,

. Design wave at site c0mposed
probability wave element
" and wind wave -in bay.
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Fig. 2-3 Calculation ‘Area for Deepwater Waves
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Maximum Deepwater Waves by Typhoons
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‘Table 2-2

K1/3 / T1/3 / Wind Speed
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Table 2-3 Pi‘obabl_e Maﬁi‘mum Déepwa_ter_ -W.ave._s_.-'

Woa v e Direction

Return Items
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: Wind SPD(m/s)
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Lor |Wwko
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30 - T'/s(m)
' Wind SPD(m/s)

o |2

o |
ok |woo | k-0 | Wweo

D=0 | VIV | VD | Ow=
o \.D--J .&i O~ IB ot R s
—AD O] DY

[#8)

Ly =
K=
L) =t
- [N 00
~n
OO O

-- CH /@)y |
20 | T/(m)
_ Wind. SPD(m/s) IR

S

==y
P
Ny

H/s(0)
10 T /3{m)
Wind SPD(m/s)

n =
. |

| HY/3(m)
9 /3 (m) )
Wind SPD(n/s)

Now | Boo | 8
—_ N OO
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TV /. and Hind SPD correspond with H'/s.
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Table 2-4 Maximum.Wave Height at Project Site

Project -site - Sort SW ] WSW W '3 NH
Cooling - Deepwater wave | 2.1m | 2.0m | L9 | 1.9a | 1.8n
| water . | #indwave inbay { 0:2n | 0.2n | 0. 1lnm 0.1m 0.2m -
outlet | Combined wave 2. 3m 2.20 | 2,06 § 2.0m 2. 0m
Coal Deepwater wave .1_' a-| 1. 4m 1. 3n 1. 4m L. 3n .
unloading Windwave in bay | 0.3m 0: 3m 0. 1= 0.1a | 0.2m
jetty ‘Combined wave L8 | L7n 1. dm i.9a L. 5n
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Fig., 3-1 Calculation Method for Caluness

Wind data at IBA station

Of f-shore winds converted
from wind data

Fetch Length on South China Sea : " Fetch length in bay _
Deepwater waves calculated by [wind wa?és'in'béy calculated
5.M.B. Method (Significant wave | by 5.M.B. Method (8ignificant |
method) | ) wave méethod) ' .

Deepwater wave elements at site
transformed by Karlsson method
(Diffraction, shoaling, wave
breaking)

Composite waves at site - Wind at site

Critical condition of
wind and wave to
calmness :

' Calmness in port
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' Disltr',ibu't-ion of -Wi_nd."";’eld__cit:ieé' and Directions at IBA Station

| Fig. 3-2
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Fig. 3-3 Fetch Length to Deepwater Wave
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Distribution of Wind Velocities and'Directibﬁs at'IBA.Station

Table 3-1
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Effective Fetch Length to Deepwater Wave
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Distribution of Wave Heighté and Periods

Table 3-3

(Deepwater Waves)
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- Table 3-4
 Calculation Result on Transformation of Deepwater Wave

(1) Dimensions of deepwater waves calculated

case | Wave Height fave Period Smax Wave Direction
1] /3= 0.5 n T1/3= 3.4 5 25 -SSW, S®, WSW, W, TWN®, NW
21 M/3= 10 T1/3= 4{8‘5 25 SSW, SW, WSW, W, WNW, N¥
3 | ni/se 2.6 a | T= 6.6 s 25 | SSW, SH. WSHW, W, WNW, NW

Smax  ; parameler of angular concentration

(2 )'relhlinn pelween deepwaier wave and wave at jelty

Deep Waler Wavef Pier §S% | SN _WSW ¥ | ®N® Ny

W0S0.5%.T0=3.4s| W1 | 0.24n | 0.37a | 0.44n | 0.40n | 0.295 | 0.20a
Smax=25. | HI/HO | 0.48 [ 0.74 | 0.88 [ 0.80 0.5 | 0.40

HO=1.0n T0=4.8s| i | 0.4%a | 0.70m | 0.83a | 0.76a | 0.562 | 0.39s
Swax=25 | HI/B0 | 0.49 | 0.70 |0.83 [ 0.76 | 0.56 | 0.39
§o<2. 0z T0=6.6s| A1 | 0.93a | 1130 | 1.24n | 1.198 | 1.00a | 0. 77w

CSwmax=25 | HLAHO | 0.47 | 0.57 | 0.62 | 0.60 | 0.50 | 0.39

HO ; Significant wave height of deep waler wave
T6 . Significanl wave period of deep waler wave
Hl ;. Significant wave height.atl the pier {x=6008w, y=3750u, h=16+1. 3a)

Following rates are set up as an estimation

N-SSE .8 CHNE
0.0 .22 - 022
0.0 0.28 0.22
0.0 037 0.28 _ _ _
Table 3-5 Effective Fetch Length to Berthing Basin
Aave Direction N NNE | NE ENE E | ESE | SE | SSE

EIIeciichFcich(kﬁ) 1,315 1.83142.21212.10612.1102. 544 3. 130 3.672

Fave Direclion | 8 | SSE | SW | RSE | W | WM | NE | wnA

Bffective Felch(ke) [3.679[3.0532.423]1.951{1.492(1.185{0.974 1. 031
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Distribution of Wave Heights (Wind waves in bay) .

Table 3-6
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(Wave combined deepwater wave with wind wave in bay
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Table 3-8

Critical Conditions of Wind and Wave to Calmness

Case Cfiti_cal condltions of wind and wave to calmness
1. _ ¥ind vél'ncit'y,liim/s less than & Wave hight 0.5n less than
2 Wind velocity 13n/s less than & Wave hight 0.7m less than
3 | Wind vetocity 13n/s less than & Wave hight 1.0m less than
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Calmness in Berthing Basin

Table 3-9
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(Appendix 7-1)

1. Galculation of Coal Consumption

(1) Itenm

‘1) Generator OQutput Power

Calculation Formula of Short-term Diffusion prediction

{by Bosanquet-Sutton's formula)

| 2} Plant Efficiency

3) Coal Calorifiec Value

(2) Calculation
1) Coal Consumption

HWet Coal

Pg (MH)
p (%)

{Generator Qutput)
Hh (keal/ke)
(Higher Calorific

Value as Received)

: Few (t/H)

P, X 860

Few = -

P
100

X Hh

2. Calculation of Combustion Gas Volume

(1} Item

1} Coal

a)
b)
¢)

d)

e)
f)

Carbon
Hydrogen
Oxygén-

_Total Sulfur

Nitrogen

"Total Moisture

2) - Exhaust Gas 02

(2} Calculation .
1) Amount of Theoretical Combustion Air :

= {8.89 x[C] + 26.7 (th] —

+ 333 x [S]} x

: [Cc) (%) (Dry)

(hel (%) (Dry)

i {0c) (2) (Dry)

{Sc] (%) (Dry)
[n:] (%) (Dry)

W (%) (A.
b 02 (%)

Ao (Nm*/kg - Fuel)

R.)

(o),
fa“)

106 — W
100

- 181 -

X.
100

{Example)
Py = 300
p= 36.7
Hh = 5,262
Few = 133.6
[C.] = 6L.82
Ihe]l =  3.36
[0.] = 15,72
“[8.1 = 0.86
[ncdl = 1.34
W = 19.39
Oz = 51
Aa = ﬂ.96



3,

h.

2) Amount of ‘Theoretical Comhustion Gas :
(s (Nm¥/kg - Fuel}
= {0,79 x Ag) +[ {1.867 x[C] + 11.2 Go = 5.5

x[(h] + 0.8 x[n} + 0.7 x[S]}
100 — W

+ 1,208 x W)X
100 100

3) Combustion Gas : G (Nm3/kg - Fuel)

a) Het t Gy - Gog+(m=-1) A Gy = 7.0
‘ o 0.224 SRR
b} Dry Gg = G"‘.m (9 X he + W) Gy = 6,43

18

Calculation of Discharge Gas Volume

(1) Ttem
1) Coal
a) Consumption :  Few (t/H) Few = 133.5
b) - Consumption Gas: G (Nm®/kg - Fuel)
1) Wet P Gy " Gy = T7.05
il) Dry ¢ Gy Ga = 6.43
(2) - Calculation -
1) Discharge Gas at Boiler Qutlet: Qg (Nm®/H)
a) Wet : Qus = ( FOW X Gy ) x 10° Qua = 91 %103
b) Dry : Qs = ( FCH X Ggq ) X 10° Q.qa = B8B8Xx108
Calculation of Effective Stack Height (Bosanquet's Equation)
(1) Item 3 '
1) Discharge Gas at _ _ _
Boiler Outlet i Qua (Nm®/H) (wet) - 7 Qup = SUIX10°
2) Amblent Temperature : ta (¢) . - ta= 28
3) Cas Temperature : tg (T) S g =130
4) Stack Diameter  : D (m) o ' D = 4
5) Wind Speed i U (m/s) S =5
6) Temperhture Cradient . |
of Atmosphere : dég/dz(t/m) d§ /dZ = 0.0033
7) - Actual Stack Helght : Ho (m) . ' Hy = 120
(2) Calculation :7 IR ST . '
1) Discharge Gas Volune : .
O Gw(23+ta) . - qt = 288
Qt {m'/s) = — - _ o
: 3,600 x 273
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2} Gas Speed -
) Gas Spee G (273 + 1)

Vg (m/s) = : : Vg = 30.7
3,600% 273 X
3) Inertia Height : Hm (n)
w7 @ X Vg
Hn = x
- 0.43x0U U
1 e
Vg .
H 0.795 J Qt x Vg Hm = 83.8
m =
2.58
1+
Vg
1) Buoyant Height : Ht (m)
. Qt (tg - ta) 2 .
Ht = 6,37 xg X en Jt  — — 2)
X T 2 ) 3
Ht = 2.01 x10°%xQt (tg—28) X
. i
(2.3 logd + T -1} Ht = 148.0
U2 (273 + ta)
J= ——— (0.43/———
JSTTEX Vg g(d 8 /dZ)
: Vg (273 + ta)
— 0.°8 _f_(*é}_' Y+ 1
g (ta - ta)
H . 296 xVg . .
J =z e {1,060 — ————— ) + 1] J = "11.33
JOE Vg - tg - 15 .

5) Effective Stack Height : ,

He (m) = Ho + 0.65 (Hn + Ht) | He = 270
5. Caleulation of Volume of Discharged Smoke and Soot
(1) Item . . «

1) Cbal*Coﬁsumption .. Few (t/H)(Wet) Few = 133.5
2} Ceoal Sulfur : [Se} (2)(Dry) .. [8el = 0.8
3) Coal Ash ¢ - [Ae} (8)(Dry) = {Ac] = 13.87 -
1) Discharge_Gas

at Stack Outlet '@ Qug (Nm?/H)(Dry) Qs = 858107
5) Effective Stack - _

Height - ot He (m) : He = 270
6) Exhaust Gas 0, : 0, (%) 0; = 5.1

- =183 - .



7) Dust Goncentration at Boiler Outlet

d'c (g/Nm?) o d'e = 1841
Few x[Acix{(1—0.2)x1.08 .
d'e = x 10
Qd o
108
8) Efficlency of EP : EP (%) | D= 99.0

(2) Calculation
1) Sox Diacharge (Nm? /H)

Boiler Outlet : q = 7 (Few X ({Secl) gt = 803
2) Sox Discharge Concentration :
gc (ppm) = ,ql X 10§ ' ge = 936
Qd S e IR
3) MNox Concentration : (NOx] (ppm at O 6%) . [NOx] = 550
4) Dust Concentration : do" (mg/Nm®) -
100 ~ Ep. - '
Ep Outlet 1 de" = de' X —— de" = 181
) 100 '
6. Diffusion Calculation (Sutton's Equation)
(1) Item _
1), Volume of Discharged Smdke : g{Nm*/H) g = (S0x) 803
~ and Soot '
2) Volume of Discharged : gt(m®*/s at 28T) = gt = —
Smoke and Soot 7 ' .
3) Diffusion Parameter on Y Axis : @y (m) ‘ ay = —
'B) Diffusion Parameter on 7 Axis : az (m). -~ . @2 = —
'5) Distance along X Axis X km) . ¢ X = 100
6) Distance along Y Axis 2 Y (km) - IE{ =
7) Wind Speed S s U mfs) U e
'8) Ambient Temperature ' :"ﬁé_(%:) . ta =28

9) Effective Stack Height =~ : He'(m) He = - 270
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Calculation
1)

(2)

Ground Concentration :

C (x.y) a () epl—
X.y) = ex + exp{ —
y Teagy ozl P 2. ? P 2ozt
Where,
Cy? » xt-? Gzt « xi-n
gyt = , gzt =
2 2
2xqgtxK ' He?
C(x) = — xXegp ( — ———n )
£ +CysCzeUext-n Cz? » x-»
Where, ta = 28T, Cy = Cz = 0.07, U =5, n= 0.25
G(x) = (3 minutes value ppn) 1K (-
X} = minutes value ppm} = —————— s exp(— ————
| PR T Tgg et TR gy

Where, Correction Factor from 3 minutes to 60 minutes

K=5kmnx K
km: meade Correction Factor (0.61)
Ki:  Lowry Correction Factor (0.25)
km = .T-CI. 17
C(x) (Hourly Value ppm)
q . He?
= exp(— ——— =
186.7'){"75 871 .xl.'ls
2) Maximum Ground Concentration
c (ppm) 2xgtxl Cz 106
' m) = X
max pp.. Toee e U . He? Cy
Where, Cy = Cz = 0.07
ta = 28
= 5
= 0,15
Cimaxy - (Hourly Value ppm) = 1.72 X Ho
- _ e

3) Maximum Ground Concentration Distance : x%au {(km)

.

-n

] HB' 2 . :
xmau = ( '""") X 10—3
Cz .

= 185 -

)

K=015(K=1, at 3

minutes yalue)

C(x) = 0.02165

Craw = 0.02370



Where, Gz = 0,07
n= 025

Kmax = 20.8 X Hel' 149 x 10-8 ' Yman = 12.5

- = 186 =~



(Appendix 7-2) Calentation Results of Short-term Diffusion Prediction.
( hy ﬂnqqnqnnt*Sulinn': Fmrnnla }

1. ﬁrnund Level Congentrxttou and Dcwnwlnd D::tanro
The to!lowlng table shows the (lltulatlun results on the ground lsvel concentra-

tmn at every 1 km dowowind distance from Lhe plume centerline which is reierrmg
Ilgure 7.4-2 hrounu Lrvel Concentration Curve ( Hourly Average }" on page T-d41.

Table ~  Ground Level Concentration (Hourly Value)
SOx {ppm} NOx {ppm) Dust {mg/m3}
Distance _ ) : -
(km) funit | 2units | 1unit 2 units "1 unit 2 units -
operation | operation | operation | operation | operation | operation
1 0 0 0 0 0 0
T2 0 o. | o 0 0 0
3 | 0 0 0 0 0 0
4 | 000029 | 0 0.00018 0. 0.00005 .- 0
5 | 000216 | 0.00011 | 0.00134 | 0.00007 | 0.00037 | 0.00002
6  |0.00616 | 0.00090 | 0.00384 | 0.00056 | 0.00108 | 0,00015
7 0.01113 | 0.00802 | 0.00693 | 0.00188 | 0.00194 | 0.00052
8 0.01571 | 0.00847 | 0.00978 | 0.00402 | 0.00275 | 0.00113
9 0.01926 | 0.01064 | 0.01199 | 0.00662 | 0.00337 | 0.00186
10 | 0.02165 | 0.01485 | 0.01348 | 0.00925 | 0.00379 | 0.00260
11 | 0.02303 | 0.01862 | 0.01434 | 0.01159 | 0.00403. | 0.00326
12 | 0.02362 | 0.02171 | 0.01471 | 0.01852 | 0.00413 | 0.00380
13 | 002365 | 0.02407 | 0.01473 | 0.01498 | 0.00414 | 0.00421
14 | 0.02329 | 0.02573 | 0.01450 | 0.01602 | 0.00407 | 0.00450
15 | 0.02268 | 0.02680 | 0.01412 | 0.01668 | 0.00397 | 0.00469
16 '0.02190 | 0.02738 | 0.01363 | 0.01705 | 0.00383 | 0.00479
17 | 0.02104 | 0.02757 | 0.01310 | 0.01717 | 0.00368 | 0.00482
18 | 0.02013 | 002746 | 0.01253 | 0.01710 | 0.00352 | 0.00480
19 | 0.01921 |- 0.02714 | 0.01196 | 0.01689 | 0.00336 | 0.00475
20 - [0.01831 | 0.02664 | 0.01140 | 0.01659 | 0.0032 -| 0.00466
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2. Ground Level Concoenteation and Mind Speed, Actual Stack Height. -

ov

he following figures show the relation on NOx and Dust ground level concentra-
tion against wind speed and actial stack height which are referring to the "Figure
7.3-6 S0x Ground Concentrabion and Wind Speed, Actual Stack Heighk" on page 7-23.

Fig. NOx Ground Concentration and Wind Speed, Actual Stack Height .

90m Himalian/Le_mingtbn 1 B5/35
Actual stack Stability o Atnosphere : Neutral
03 ~ ~ height ... 120m 2 Units Operation
..... 150m
- Environmental
£ 02 | qualitystandard . - == :
o g @
O . P RN .
R ...-{3".
£ ' : AR R
_E, 0.1 Lg= hourly value -
Y ::.z'i-’-"‘.'
0 Lo ! L L i 1 L i L |
1 2 3 4 5 6 7 8 9 10
Wind'Speed [misecl
0.04 -
§ 003 |
g 0.02 |
u .
0.01 -
0 ! 1 1 | I 1L t L ]
1 2 3 4 5 6 7 3 9 10
Wind Speed [m/sec}
50
£ 40 |
)
% 30 |
o
> 20 |
i0
'0 3 ] i ! 3 I g I ! J
1 2 3 4 5 6 1 3 9 v

Wind Speed [mfsec)
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Fig. " Dust Ground Concentration and Wind Speed, Actual Stack Height

‘ Him;ljan!l_emington 1 85/35
0m Stability o [ Abmosphere @ Neutral

Actual stack 2 Units Operation

height BEEERER 120m
00 - T

T 1

Envirecnmental Quality Standard
houry value 1 0.25
24-houry vaiue :0.18

T

0.06

....

0.04 |- | e

PR il
e

C3min, [mg/sem)

0.02 | ST

0.013 -

0.01

0.008 -

0.006

T

| Cmax. [mg/sem]

50 -

40

{xm]

30 -

X max.

20 -

10 -

Wind Speed [m/sec]
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