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2.3 Meteorology

Meterology

Thefourth nudear power plant, Lungmen NPS Site, and its neighboring dimatic conditions can be
explained by the actud weether data measured by the weether gation in the plant and the weather data
collected by the westher dationsin neighboring Taipa, Kedung ,and llan.

The Lungmen NPS Steislocated in northern Taiwan & alaitude of 25°03' N' north of the Tropic of
Cancer, inasubtropicd zone. Itsannud average temperaureis 22°C; wegther ishat in summer, warmin
soring and fdl, and not very cold in winter because it iswarmed by the oceen currents and Kuyoshio.

Tawanislocated in the eest Adan monsoon areaand is subject to monsoons. Its northeest monsoon
period lagsfor 7 months from October to the mid-May of the following year and its southwest monsoon
period lagsfor 4 months from the end of May to the end of September. The northeast monsoon period is
prevailed by northern and north-northeest winds, strong winds and rainy days. The southwest monsoon
period is prevailed by south winds, wesker winds, sunny and hot weether, and occasond thundersiorms
and typhoons (when atyphoon invades the area, damaging gusty windsand rains usudly result).

The Lungmen NPS steislocated in the ssaside area of the northeestern part of Taiwan and is40km esst
of Taipe and 20 km southesst of Kedung. The Pacific Oceanis on the eesern Sde of the plant, and some
consacutive smdl hillsand high hills occupy the western Sde of the Lungmen NPS Ste; its southern
boundary isthe Shung Chi and its northesstern boundary isthe Shih-Ting Chi —the overal Lungmen NPS
Steareais about 480 hectares. Theterrain of the Lungmen NPS steareaisflat and 12 m above ssalevd.
The neighboring northern, northesstern and eastern aress of the Lungmen NPS steareaaredso
geologicdly flat. However, there are some amdl hills of 300 min height in the southern part of the
Lungmen NPS ste area.and some higher hills of 600 min height in the western and northwestern aress
All the hillsin the west-southwestern, southern and south-southwestern directions of the areaare over 1000
min haght. Moreover, some hillsin the southwest reach as high as 2300 m. The generd terrain of the
Lungmen NPS steareaand its neighboring areasis* higher on the western Sde and lower onthe eegtern
Sde” For thecross-sectiond view of the Lungmen NPS Ste areaterrain and its neighboring arees (within
an 80 km radiusfrom the Lungmen NPS Ste), sse Figure 2.3-1.

Theteran of the Lungmen NPS site areg, its neighboring northern and esstern aressisflat, so the
northeestern monsoons can reech these areas directly. Moreover, the Strong outer circulaion of the
ummer typhoons can have alonger impact on these aress by their direct entrance to these aress from the
north and eed, these typhoonswould affect the Lungmen NPS Site areallonger and more serioudy. In
addition, thereare alat of higher hillsin the southwest and south-southwest directions of the Lungmen
NPS ste areg, and these hills have atopographic lifting effect on the northeest monsoons, asareault, there
isalot of rainfal for the Lungmen NPS ste areain winters On the other hand, these hills have ablocking
effect on the southwest monsoon. Thisin turn reducestherainfal for the Lungmen NPS Ste areaand cuts
wind grength in summer.
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Thear qudity of the Lungmen NPS site and its neighboring aress has been measured by the
Environmental Enginesring Research Center of the Nationd Taiwan Universty and Yi Din Company in
1990 and 1991. For detailed results, see Section 2.3 4.

2.3.1 Regional Meteorology

Northern Tawan indudes Tapa, Kedung, and llan. Thesethree ditiesare doseto the plant area
(Yenlian).

2.3.1.1 Data Source

From the dimatic datameesured by wegther gations (Centrdl Westher Bureau) in Taipe, Kedung, and
Ilan, we can carry out dimatic andyses and evauation of northern Taiwan. Measured dataindludes al the
wesather conditionsin these areasfor the past 50 years, S0 data can judtifiably represent the weether
conditions of these areas. For the locations and latitudes of these weether Sations aswell as periods of
record, sse Table 2.3-1.

2.3.1.2 General Climate

In the Koppen dimate dassfication, the dimate of northern Taiwan is dassfied asahumid subtropical
dimate The characteridics of thisdimate indude: average temperature of the coldes monthisin therange
of 1810 -3°C, the average temperature of the hottest monthisover 22°C, therainfdl is distributed evenly
al year round and the average rainfd| for the driest month isover 70mm. To andlyze northern Taiwan
dimate, wewill discussthe temperature, wind, rainfal and humidity conditionsfor Tape, Kedung, and
llan.

2.3.1.2.1 Air Temperatures
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For the average temperaiures and extreme temperatures meesured by the wegther gationsin the northern
Tawan, e Table2.3-2.

(1) Taped Area

Geographicaly, the Taipa arealisabasn. Surrounded by hills, the temperatures of Taipa are
relaively unaffected by the sea. The annud average ar temperaiure of the areais 21.8°C; the
annua average maximum air temperature has hit 26.3°C and the minimum is 18.8°C. The
hottest month of the year is July with the monthly average air temperature of 28.6°C. The coldest
month of the year is January, and with monthly average air temperature of 15.2°C. Theannud
ar temperature rangeis 13.4°C. The absolute maximum air temperature on record was 38.6°C,
which occurred on July 31, 1921; the absolute minimum ar temperature on record was minus
-0.2°C, which occurred on February 13, 1901.

Meterology
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2.3.1.2.2 Winds

Meterology

Kedung Areax

TheKedung aeaisdoseto the ssaand itstemperatures are affected by the ssamore. The
annud average ar temperature of the arealis 21.9°C; the annud average maximum temperature
has hit 24.9°C and the minimumis 19.8°C. The hottest month of the year is August with the
monthly average ar temperature of 28.2°C. The coldest month of the year is January with the
monthly average ar temperature of 15.5°C. Theannud ar temperaiurerangeis 12.7°C. The
absolute maximum air temperature on record is 37.9°C, which occurred on Augudt 10, 1926; the
absolute minimum ar temperature on record is-3.9°C, which occurred on Jan. 28, 1963.

llan Areal

Theannud average arr temperature of the areais 22.0°C; the annual average maximum air
temperaureis 25.7°C, and the minimum is 18.8°C. The hottest month of the year is July withthe
monthly air temperature of 28.0°C. The coldest month of the year is January, with the average air
temperature of 15.7°C. Theannud ar temperature rangeis 12.3°C. The absolute maximum air
temperature on record is 37.9°C, which occurred on August 19, 1951; the absolute minimum
temperature on record is-3.2°C, which occurred on Jan. 27, 1962.

Inwinter, northern Taiwan isvery much affected by the stronger northeest monsoon; in summer, the
region isafected by the wesker southwest monsoon. For the prevailing wind directions and average/
extreme wind speeds measured by the various weether daions, sse Table 2.3-3.

@

@

Tapea Area

During the period (from October to May of the following yeer) of northeest monsoon, these
windsare blocked by the TaTun Mt. and Chi Shin Mt., so they enter the areaviathe Kedung
River vdley. Therefore, the dominant windsin winter for the Taipe areaarethe eest winds The
average wind speed is 34 m/s. During the period (from June to August) of southwest monsoon,
thewind direction is south-southesst and the average wind gpeed is 2.5 my's, September isthe
trangtion period of the southwest and northeast monsoon. The ingantaneous maximum wind
gpead on record is48.8 my's, which occurred in atyphoon invesion during August. Thereare only
15 daysin ayeer that the average wind peed reeches 10.0 nv/s. or more (the 6th grade wind) and
these days are goread out evenly in each month.

Kedung Areax

During the period (from October to May of next year) of northeast monsoon, the average spesd
of thesewindsis 3.6 m/s During the period (from June to August) of southwest monsoon, the
wind isfrom the southwest direction and the average wind gpeed is 2.8 Vs Theindantaneous
meaximum wind spesd on record is 66.6nmVs, which occurred during a September. Thereare only
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36.8 daysin ayear thet the average daily wind speed reaches 10.0 m/sor more (the 6th grade
wind) and 67% of these days are concentrated in fal and winter.

3 llanArea

Thewindsinthisareaare quite unique for fal and winter (October to February of the following
year), thewind isfrom the southwest direction; for soring and summer (from March to
Septemnber), the wind directions are from the northeest and eest directions Wind conditionsare
likethis because there isthe high Centrd Mt. in the southwest region of the llan area (southvwest
monsoons are blocked out and those ummer winds arereldively week), and thereare sea
breezesin the day time. In winter, the northeast monsoons are bounced back by the Centrd Mt.
and converted into the southwest winds blowing to the Ilan areanear ground layer.

Becausethewinds are blocked out by the uniquetarrain inthe area, thewind speedsin thisarea
arerather dow. Theannud average wind spesd plummetsto 1.6 nvsand the monthly average
wind oeed isbeow 1.8mv/s The strongest winds occur in July, August and September. The
ingantaneous maximum wind goesd on record is 65.3mVs, which occurred during an August.

Thereareonly 7.3 daysin ayear when the average wind spead reaches 10.0m/s or more (the 6th
gradewind), and 49% of these daysarein July, August, and September.

2.3.1.2.3 Precipitation
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Thereisplenty of rainfdl in northern Taiwan. Rainfal is brought to thisregion mainly by the northeest
monsoon rains, typhoon rainsand “Md-Yu.” For the average and extremerainfals measured by the
wesgther dationsin theregion, see Table 2.3-4. For therainy days, rainy hours and thundersorms days
meesured by these dations, sse Table 2.3-5.

(1) Tapd Area

Because the northeest monsoons are blocked by hills therainfal in thisareaislessthan those of
Kedung and Ilan; the annud averagerainfal is2118.8mm. Theranfdl of the wettest month
(June) is 297mm; the rainfall of the driest month (November) is 73.2mm. Seasondly variation
showsthe heaviest monthly ranfal isin summer (819.1mm); and lightest monthly rainfal in
winter (303.9mm).

The maximum 24-hour and 1-hour duration ranfal recorded were 3589mm (duly), and
110.0 mm (April), respectively.

Theannud averagerainy days are 180.3 days The monthly rainy daysisin therange of 13to 17
days Theannud averagerainy hoursare 1247 hours. Therainsin the period from November to
March bdong to the northeast monsoon rains, so they ladt for alonger duration and the monthly
rainy hours are longer dso, with the monthly average rainy hoursare over 110 hours. Therains

Meterology
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Meterology
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in the period from July to August belong to the thundersorm and typhoon rains so they ladt for a
shorter duration and the monthly rainy hours are below 81 hours.

Theannud average thunderstorm days are 35.5 days 81% of them arein the period from May
to September. In winter, the monthly average thundersorm days are lessthen 1 day.

Kedung Areax

Theareafacesthe direction of the northeast monsoon , o itsrainfdl is quite ample. The annua
averageranfdl of the areaiis 3330.1mm. The monthly average rainfal of the wettest month
(December) is 344.6mm; while the driest month (July) is 139.7mm. In seesond varidion, thereis
the heaviest ranfdl in winter with the seasond averagerainfdl of 1009.2mm; and the lightest
rainfal in summer with 606.2mm.

The maximum 24-hour and 1-hour duration rainfals recorded were 351.3mm and 107mm,
repectively, which dl occurred in September.

Theannud averagerainy daysare 211.6 days From November to March of thefollowing yesr,
the monthly rainy day isover 20 days From Juneto September, the monthly rainy day isless
then 16 days. The annua averagerainy hours are 2028.2 hours. From November to March of
thefollowing year, the monthly rainy hours are over 200 hours. From June to September, the
monthly rainy hoursare beow 100 hours.

Theannud average thundersiorm days are 20.6 days. 78% of them arein the period from May
to September. In winter, the monthly average thundersorm days are lessthan 1 day.

llan Areal

Theannud averagerainfal of theareais 2784.4mm. The monthly averagerainfdl of the wettest
month (September) 1s438.3mm; the monthly average rainfal of the driest month (April) is
116.4mm. In seesond variaion, thereisthe heaviest rainfdl infdl (with the seesond average
ranfal of 1188.4mm); thereisthelightest rainfall in spring (with 480.8mm).

The maximum rainfdl in a24-hour and 1-hour duration are 460.5mm and 112.0mm,
respectively, dl occurred in September.

Theannud averagerainy daysare 213.2 days For the seasond averagerainy days thereare
40.2 daysfor summer and from 55 to 66 daysfor the other three seasons. The mod rainy days
arein November —21.9 days there aretheleadt rainy daysin July —10.1 days The annud
average rainy hoursare 1584.1 hours. From October to March of the following year, the monthly
rainy hoursare over 150 hours. From April, July, Augug, and September, the monthly rainy
hoursare bdow 100 hours Themod rainy hours arein November —199.3 hours; the leest rainy
hoursarein July —44.9 hours
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Theannud average thundersorm days are 38 days 81% of them arein the period from May to
September. Inwinter, the monthly average thunderstorm days arelessthen 1 day.

23.1.24 Humidity

The humidity in northern Tawan isrdatively high. Thisisbecausetheranfdl isampledl year round,
there are many rainy days and the dlimate of the arealis affected by the sea. For the average and extreme
relaive humidities messured by the weether daiionsin theregion, sse Table 2.3-6.

(1) Taped Area

The annud average rdative humidity of the Taipa areais 81%. The monthly average rdaive
humiditiesfor July, August and September are beow 80%; for dl the other months, the monthly
average reldive humidities are above 80%. Concerning the seesond average humidities the
average rdative humidities for goring and winter are the same— 83%; 80% for thefall, and 79%
for summer. The highest monthly average relaive humidity of 80% occurred in February and
March —and the lowest 78% occurred in July and August. The minimum relative humidity ever
recorded was 15%, which occurred in April.

(2 Kedung Arex

Theannud average rdaive humidity of the Kedung areaiis 82%. Except for duly, for dl the rest
of the months, the monthly average rdative humidities are above 80%. The highest monthly
average rdative humidity occursin March —85%; the lowest one occursin duly -- 79%.
Concearning the seasond average reldive humidities, the valuesfor the spring, winter, summer
and fdl are 84%, 83%, 81% and 80%, respectively. The minimum rdaive humidity ever
recorded was 23%, which occurred in January.

3 llanArea

Theannud average rdative humidity of the llan arealis 85%. The monthly averageredive
humiditiesfor dl the months are above 83%. The highest monthly average relaive humidities of
87% occurred in June and November, the lowest ones of 83% occurred in January and July.
Concerning the seasond average rdaive humidities, the valuesfor the goring and fal arethe
same -- 86%; the vduesfor thewinter and summer are 84% and 85%, repectively. The
minimum relaive humidiity ever recorded was 23%, which occurred in February.

2.3.1.3 Severe Weather
For northern Taiwan, the prevaent severe weathers are typhoons and heavy rains causad by fronts There

have been only two tornadoes ever recorded in Hanchu. Thetwo main severewegthers are discussed in
detail beow.
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23.1.3.1 Typhoons

Meterology

A typhoonisakind of violent sorm and the mog damaging one among naturd disasters Geographicaly,
Tawan islocated in the typhoon paths of the western pacific ocean and South China Searegions, thereis
sometyphoon invason ontheidand every year. With the Centrd Mt. lying in the middle of Taiwan, the
geographicd terrain of Tawan isrelaivey complicated; so, theimpect of atyphoon to thelandisvery
much determined by its path. Another impact factor is season; the seasond differences will cause typhoons
with the same path to have quite different impacts

According to the records of Centrd Wesether Bureau, for the past 44 years (from 1947 to 1990), there
have been 125 typhoons on the idand; the annua typhoon frequency has been 2.8 typhoons Among these
typhoons, 54 of them with 43.2% were dassfied asthe savere typhoons (which means the maximum wind
pead doseto the center reached 51my's). 41 of them with 32.8% were dassfied as the typhoons (which
means the maximum wind spesd daseto the center isin therange of 32.7 to 50.9mvs). 30 of themwith
24% were dassfied astropicd sorm (which meansthat the maximum wind speed doseto the center was
intherange of 17.2 to 32.6m/s); (see Table 2.3-7). According to the monthly typhoon digtribution (see
Table2.3-7), the highes monthly typhoon frequency occursin August (with 35 typhoons); the second
highest in September (with 31 typhoons). In addition, 72.2% of dl these typhoon invesonstook placein
July, Augugt, and September; 0 these three months have a high typhoon invasion probability (see Hgure
2.3-2). If grouped by 10-day periods, the monthly distribution can be obtained on Figure2.3-2. The
earliest invason occurred in the lagt 10 days of April (from April 21 to April 30), and the latest invasion
occurred in thelast 10 days of November (from November 21 to November 30). Therewasnoinvasion
for the duration from May 1 to May 10 on record. The higher invason frequendies occurred in the periods
from July 21 to July 31 and from Augugt 21 to August 31.

Because there were no long-term messurements for typhoons recorded for the Lungmen NPS Steares, in
this saction the measured typhoon records obtained by the three weether gations of the Centrd Weather
Bureau in Kedung, Ilan, and Taipe were used to evauate the likdly typhoon impact on the Lungmen NPS
steand its neighboring arees.

(1) Thelmpact on the Lungmen NPS Ste Area (Y enliao) of Typhoonswith Different Paths

To undergand theimpact on the grester Lungmen NPS steregion (induding Kedung, Ilan and
Tapa) from typhoonswith different paths, these paths are dassfied into seven caiegories (see
Figure 2.3-3) with the past 125 typhoon invasons datarecorded by the Central Westher Bureau
dationsfrom 1947 to 1990. These seven caegories are asfollows

Thefirg kind: passng through the sea by northern Taiwan

The sacond kind: landing on northeastern Taiwan (in the north of Hudien)
Thethird kind: landing on eestern Taiwan (Hudien or HSn Kong)
Thefourth kind: landing on southeestern Taiwan (in the south of HSn Kong)
Thefifth kind: passng through the Bashi Channd or Luson Idand

Thesxth kind: going northward in the seadoseto eagtern Tawan
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The seventh kind: going northward dong the Taiwan Straits or landing on southern Taiwen

From the path dassfication shown on Figure 2.3-3, for atyphoon that lands on the Lungmen
NPS ste areaor its neighboring aress ba ongs to the second kind; there were 19 such typhoons
on record. Andysis of thewind direction and speed data collected by the three weether Sations of
the Central Weether Bureau in Kedung, Ilan, and Taipe from 1947 to 1990, showsthe srongest
winds had direct linkage to the typhoons We put the top 10 ingantaneous maximum wind spesds
ever measured by these three gationsin Tables 2.3-8 to 2.3-10. Among these top 10 maximum
wind speads, about 50% of them were caused by the typhoons of the second kind of path; 7 of
these 10 wererecorded in the Tapa weather gation; therefore, thiskind of typhoon mogt affects
the Lungmen NPS dte areaand its neighboring aress. The indantaneous maximum wind speeds
ever messured by these three sations ares Kedung Station— 67.0nvs, (N); llan Station—
66.0nVs, (E); Tape Station—49.1m/s, (E). For the Kedung and Taipel Stations, there were
elght to nine strong winds caused by severe typhoons for the llan Station, there were four strong
winds caused by typhoons (see Tables 2.3-8 to 2.3-10). These three tables show that half of these
srong winds occurred in Sgptember; thiswas obvioudy dosdy rdated to the presence of the
northeest monsoon and the terrain factor. Therefore, Srong winds are characteridtic of fdl
typhoons For example, atyphoon of the 5th kind of peth can have aseriousimpact onthe
Lungmen NPS ste areaand its neighboring areas only after September (see Table2.3-9). In
Table 2.3-9, we can see that none of the top 10 strongest winds recorded by the llan Station were
caused by atyphoon of thefirg kind (passing through the sea off northern Taiwan). For the
typhoons of thiskind, the center wererather doseto llan; theimpact of them to llan was not as
serious astheimpact to Taipal and Kedung because llan lies at the lee Sde of the mountain.

(2 Adjacent Ste AreaFrequency Andysis of Strong Winds Caused by Typhoons

Table2.3-11 showsthe records of the strong winds grester then 7 grades (wind speed 2 15 m/s)
caused by typhoonsin the Yenliao vidinity (induding Kedung, Ilan, and Tapel) during 1947 to
1990. They have been dassfied datidticaly according to the typhoon peth.

Thetable showsthat the Srong windsthat happened most frequently were causad by the third
typhoon path (landing a Hudien and Hankang) and the fifth typhoon peth (acrass Bashi
Channd or Lusong Idand).

Table 2.3-12 shows the three dassfications of strong winds defined by wind spesd a Kedung,
llan, and Taipel Stations. There were 95 occurrences of strong windswith 75% for gregter than
7 gradesin Taipda., Kedung was 74.6% to be the second. Of dl greater than 12 gradeswind
forcewere 16.7%, 7.1%, and 11.9% obsarved a Kedung, llan and Taipa Stations, respectively.
For over 16 grades of wind force occurred, there were 6 times a Kedung, only once @ llan.

Figure 2.3-4 showsthat the wind rose of the wind force grester than 7 grades observed from
Kedung, Ilan, and Taipal Stations during 1947 to 1990. Thesewind forces have been dassfied
into three dassfications (grade 7-11, 12-15, and grester than 16 grades) according to 16
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2.3.1.3.2 Tornadoes

different wind directions. These 3 dassfications equate to the force of tropicd storm, typhoon,
and severe typhoon.

In Kedung the wind force gregter than 12 grades were mosily prevailed with the north and
southeast wind, gregier than 7 grades were mostly with the southeast and south-southeest winds
even thewind force gregter than 12 grades were with south to southwedt. In llan thewind force
grester than 7 grades were with the northeest and southeest mostly, and even some occurrences
were gregter than 12 grades with the northwest to the north, northeedt, eest and south-southeedt.
InTapa, thewind force greater than 7 grades were primarily with the eest and east-southeest
winds Alsowind force gregter than 12 grades occurred with the northeest, southeest, and north-
northvwest but they never exceaded 16 grades

Condudons

(@ Themog sariousdamage causad by typhoonswhich ravaged the adjacent Ste areawasthe
second typhoon peth (landing at the northeestern Taiwan or beyond the north Sde of
Hudien). Over one-hdf of the top 10 srong winds (1947~1990) were causad by the second

typhoon path a Kedung, Ilan, and Taipa. The mgority happened in September.

(b) Theextremewind gpeedsinduced by typhoonsa Kedung, llan, and Taipe occurred while
the typhoon center was gpproaching the sea coadt near the areg, not passing through the
aea

(© Thewind detafrom typhoons grester than 7 grades & Ilan Sation arelessthan the detaa
Kedung and Tapa. Thewind dataof llan islessrepresentative than the data of thetwo
other gations. Thismight be concerned with the differences of the height from the
anemometer and topographic effects

(d) The 1<t typhoon path passed through the sea near the northern coast of Taiwan, through the
typhoon centerswere not far from Ilan, a 1lan would become lighter due to the location at
thelee 9de of themountain.

In Tawan there were 49 tornedoes during 1961 to 1989. However, there were no records of
tornadoes occurring beyond the north sde of HaN-Chu (sse Hgure 2.3-5).

2.3.1.3.3 Heavy Precipitation Caused by Fronts

Acoording to the definition defined by the Centra Westher Bureau: the precipitation over 15 mnvh
and 130 mm/day continuoudy in one place, which could cause serious damege is called heavy
precipitation. In Tawan the heavy precipitation normaly caused by typhoons, fronts, tropica low
pressure, southwest wind flows, and northeast monsoons mogtly caused by the typhoons and the
fronts.

Meterology
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2.3-10

Acoording to the dimatological dataof the Taipe, Kedung, and llan Stations of the Centrdl
Westher Bureau, northern Taiwan (Tapa, Kedung, and Ilan, had 128 days of heavy
precipitation in the latest 31 years (from 1958 to 1988). On the average, there were 4 days of
heavy precipitation eech year. Therewere 58 dayswith 45% of heavy precipitation caused by
typhoons, while 49 dayswith 38% were causad by fronts therest, 21 days of precipitation, were
caused by tropicd low pressure, northeast monsoons, and southwest wind flows.

@

@

)

Frequency of Occurrence

Therewere 49 days of heavy precipitation caused by frontsin northern Taiwan for the latest
3l years, ontheaverage, therewere 1.6 days of frontsthat caused heavy precipitationin
eech year. Themod days of frontsthet causad heavy precipitation were 6 dayswhich
occurred in 1974 and 5 daysin 1970.

The heavy precipitation caused by fronts were 33 day's (67%6) and 8 days (16.3% ) thet
occurred from September to October and from May to June, respectively. Thered of the
dayswerein January, April, and November, but there were nonein February, March, duly,
Augud, and December.

Differenceof Locaion

Fronts cause heavy predipitation in northern Taiwan isbecause of the geography. Thereare
differences between Kedung, llan, and Tapa geography; therefore, heavy predipitation may
not occur a these three locations on the same day under the same weather conditions. 1lanis
a the northeest corner of Taiwan. When afront goes south and meatsthe typhoon a Bashi
Channd or around the Philippines, it usudly causes heavy predipitation dueto the corn
effect, 30 heavy precipitation daysin llan are more than any other areain northern Taiwan.

Intengty of Burst Rains

To andlyze burd rains, they can be dassfied by daily rainfd| asthefollowing 5 grade: 131
to 150mm, 151 to 200mm, 201 to 250mm, 251 to 300mm and over 300mm. For burdt rain
days caused by fronts, thelargest number, 17 dayswith 40% of thetotd, was of the 151 to
200mm grades. The second largest number, 12 dayswith 23% ,weas of the 131 to 150mm
grade. Theterrain of Kedung and llan hasthe effect of lifting ar flow; thiswill incresse
ingahility of theair. All theburg rains of thisgrade occurred in September. The prevaled
winds are southwest or southeedt for northern Taiwan in September. During this month, the
ar iswarm and humid with ample water vgpor and is ungablein the upper layer. Whenthe
cold front goes south, and the cold and dry ar meetsthe warm and humid ar in northern
Tawan, avere burd rainswill be generated resulting from  strong convection.

Meterology
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2.3.2 Local Meteorology

2.3.2.1 Normal and Extreme Value of Meteorological Parameters

The ondte meteorological monitoring program has been performed a the Lungmen NPS stesnce

July 1980. Two towers, each 40 m and 52 min height, repectively, have been inddled on Ste Sncethen
for various meteorologica messurements. Their location and generd sketches are shown on Hgures 2.3 -
6and 2.3-7. Uptonow, atotd of 16 yearsof recordswas used for datigicd andyss

Beddesthe ongte meteorologicd data collection, Kedung weether gation of the Centrd Weether Bureau,
located gpproximatey 20 km northwest of the Lungmen NPS site, and its 93-year dimetological datistics
from 1903 to 1995 have been consdered va uable and provided for comparison with ongte meteorological
data

23211 Winds

Meterology

For thelow tower, winds are measured & devation 21 m from July 1980 to December 1996. Thewinds
a eevation 63 m of thelow tower and the winds a eevation 63 m and devation 93 m of the high tower
aremessured from September 1982 to December 1996. All wind detaare processed and andyzed
separady. Their monthly wind roses are depicted on Figures 2.3-8 to 2.3-9, while the annua wind roses
areshown on Figures 2.3-12 t0 2.3-15. The monthly and annud fregquency didtribution of wind direction
and wind gpeed are presanted in Tables 2.3-13t0 2.3-16.

Ingenerd, thewind flow regimein the Steareais governed by the Srong and perdsent northeest monsoon
in winter season, and the more intermittent southwest monsoon and sometimes typhoons during summer
time. From the monthly wind deta, it could indicate such aseasond varidtion & the Stearea. Winter
months generdly show higher wind gpeads than that of the summer months. On an annud bass the
prevailing wind directions a devation 21 m of the low tower are from northwest to northeast with a
frequency 52.7% of thetime. The prevailing winds of the upper levds, i.e, a devaion 63 m of thelow
tower and & devation 63 m and devation 93 m of the high tower are uniformly in the sector between north
and northeadt directions with afrequency 31.8%, 34.4%, and 33.3% of thetime, respectivey.

Table2.3-17 showsthewind speed summaries & the Lungmen NPSste. According to the higtorical
ddtidics, the averagewind speeds a devaion 21 m and devation 63 m of the low tower, and a devaion
63 m and devation 93 m of the high tower are 2.9 m/s, 4.0 nv/s, 35 Vs and 4.7 ms respectivdy. The
15-minute average maximum wind for the above mentioned wind messurements were 284 nvs (E), 44.0
nVs(E), 44.0 /s (E), 41.0 m/s (NNE), and 49.2 nV/s (NNE), repectively, which al occurred on July 31,
1996. Asto the ingantaneous maximum wind peeds ever recorded, they were 485 nv's (NW, October
10, 1994), 57.8 m/s (NE, August 8, 1994), 59.0 m/s (N, duly 31, 1996), and 59.6 (NNE, August 8,
1994), respectively.

Table2.3-18 indicates the wind speed summaries a Kedung Station. The annual average wind speed was
3.2 m/s while the 10-minute average maximum and ingantaneous maximum wind ever recorded were
43.0m/s(SE, Augugt 30, 1959) and 67.0 mvs (N, September 22, 1971), repectively.
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Hourly wind data collected on both the low and high towers were a0 taken to Sudy the perssence of
wind direction. Theresultsare presented in Tables2.3-19t02.3-22. Thelongest persgent cam &t the
low tower devation 21 m and devaion 63 m leveswere 14 hours and 9 hours, and & the high tower
devation 63 m and devation 93 m levds, they were 11 hoursand 16 hours: The longest perastent wind
directions a the low tower devation 21 m and devation 63 m levelswere 94 hours, and 56 hoursfrom the
southvwest wind which occurred in July; while & the high tower devaion 63 m, it was 59 hoursfrom the
northeest wind in July, and 56 hours a devation 93 m from the north wind in March and from the north-
northeast wind in October.

2.3.2.1.2 Air Temperature

Table 2.3-23 presents monthly and annud ar temperature summaries é the Lungmen NPSste. The
annud average temperaturewas 2 1.9°C, with the lowest monthly average a 15.6°C in January, and the
highes monthly average a 28.1°C in July. The maximum and minimum temperatureswere 37.2°C on
Augud 21, 1981 and 34°C on March 2, 1986, respectively. The monthly average diund temperature
rangewasfrom 4.8°C to 7.7°C, with its maximum diurnd temperaiurerange a 15.8°C on April 2, 1983.

Themonthly and annud ar temperaiure ummaries & Kedung areliged in Table 2.3-24. According to
the higoricd data, the annud average temperatureis22.0°C. Thewarmest month, July, has an average
temperature of 28.5°C, and the coldest months, January and February, have an average temperature of
15.5°C. The absolute maximum temperature experienced was 38.0°C on July 21, 1995, whilethe
absolute minimum temperature was 3.9°C on February 3, 1986. The maximum diurnd temperature
rangewas 18.2°C on April 5, 1941.

The datitics show thet the air temperature characteristics both at the Lungmen NPS steand Kedung, are
quite Smilar, which indicate the representatives of the Lungmen NPS Ste datafor the generd region.

2.3.2.1.3 Relative Humidity

Table 2.3-25 ligsthe monthly and annua data of rdaive humidity for the Lungmen NPS ste and
Kedung. Ingenerd, rdaive humidity ishigh throughout the year a both gations Theannud average
relative humidities obsarved & the Lungmen NPS ste and Kedung were 84% and 81%, respectively,
while the minimum relaive humidities at both sationsdl occurred in January, with the Lungmen NPS Ste
a 31% and Kedung with thelowes vdue a 23%. The monthly average diurnd rangewasfrom 19%to
26% at the Lungmen NPS ste, with the extreme v ue of 67% occurring on May 31, 1991

2.3.2.1.4 Dew Point Temperature

2312

Beddesthe rdative humidity, the dew point temperature o shows the amount of water vapor contentsin
the amosphere. Table 2.3-26 showsthe monthly and annua dew point temperatures from March 1994 to
February 1997 a the Lungmen NPS Ste. Theannua average dew point temperature was 18.3°C.
Monthly average dew point temperatures ranged from 11.8°C in February to 23.9°Cin duly. The
maximum dew point temperature was 29.5°C on July 29, 1996, while the minimum vauewas-2.2°C on
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February 6, 1995. The maximum average diurna rangewas 6.4°C in March, and the minimum average
vauewas4.9°C in July, with the extreme vdue of 17.2°C on November 23, 1995.

2.3.2.1.5 Precipitation

Table 2.3-27 indicates the monthly and annud predipitation summearies a the Lungmen NPS Ste (1966-
1971 and 1980-1996). Theannua average precipitation was 3123.9 mm, with the monthly average
ranfdl ranging from 119.8 mmin July to 3584 mm in February. The maximum precipitation for
edified timeintervasisdso showninthetable For example, the maximum 10-minute, 1-hour, and 24-
hour durations of rainfal were 26.5 mm in December, 79.0 mm in October, and 305.0 mmin Augus,
respectively. On average, there are 191.3 rainy daysand 1596.5 rainy hoursannudly. Their extremes
usualy occur inwinter months.

Long-term, monthly, annual precipitation summaries for Kedung (1903-1995) are presented in Table 2.3-
28. Theannud average predipitation was 3330.9 mm, with the heaviest and lightest monthly average
ranfalsof 339.2 mmin February and 134.4 mmin duly. The maximum 10-minute, 1-hour, and 1-day
duraions of rainfal were40.0 mm, 107.0 mm, and 351.3 mm, respectivdy. Annudly, the averagerainy
daysand hourswere 210.3 days and 2076.5 hours, repectively.

Thetendendiesof rainfal digtribution for eech month a both the Lungmen NPS ste and Kedung are
generdly amilar. Therainfal amountsin summer and fdl are comparatively lessthan that of the winter
season. And the predipitation associated with typhoonsin the summer and fall is generdly heavy and
brief, whileit islessintense and lasisfor alonger period of time during the winter season.

Tables2.3-29 t0 2.3-32 presnt thejoint frequency digtribution of wind direction and precipitation
occurrence for the four different tower levdsa the Lungmen NPS ste. The rdevant monthly precipitation
wind roses with precipitation rate classes are shown on Figures 2.3-16 to 2.3-19, while the annua
precipitation wind roses are presanted on Figures 2.3-20t0 2.3-23. During the winter time, the
precipitation occurslargdy when the winds prevail in the quadrant from north-northeest directions, and
during the summer months, thewinds prevail in the quadrant from southeest to south directions. Onan
annud badis precipitation occurs mog often with winds between north-northwest and the northeest
directions

2.3.2.1.6 Fog

Fog formswhen the ar temperature and dew-point temperature are nearly identicdl or equd. By
definition, fog reduces vighility to lessthan 1 km. Table 2.3-33 pressntsthe averagefog days a the
Lungmen NPS steand Kedung. Annualy, therewere about 8.1 days a Lungmen NPS steand 26 day's
a Kedung. Themod prevdent months at both locationswere in the soring.

2.3.2.1.7 Atmospheric Stability

Temperature difference data collected between the devation 21 m and devation 63 m of thelow tower and
between devation 63 m and devation 93 m of the high tower were usad to assess amospheric gability by
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the method of vertical temperature gradient. Tables2.3-34 and 2.3-35 present the monthly and annua
summaries of amaospheric Sability from 1987 to 1996.

Onanannud bads, the didribution of amospheric gability dasses of the two towerswere quite smilar.
Themod frequent Sability dasswas dightly seble (E), 40.46% and 45.11% of thetime a the low tower
and the high tower, respectively. The gahility dassof neutra (D) a thelow tower and the high tower
were 28.55% and 23.82% of thetime, respectively. The monthly atmospheric gability dataindicate
seasond vaiaions. Winter months showed the rddively high frequency of occurrence of the dightly
dable (E) and neutrd (D) dasses, while summer months showed asgnificant increase in frequency of the
extremdy undable (A) dassat bath towers.

Monthly and annud joint frequency didributionsin percent of wind speed and wind direction by
amospheric gability dassesfor the same period-of-record are shown in Tables 2.3-36 to 2.3-61 for the
low tower; and in Tables 2.3-62 to 2.3-87 for the high tower.

At thelow tower devaion 21 mlevd, thejoint frequency of occurrence of calmwind by dability dasses
were 0.04%, 0.02%, and 0.01% associated with the ungtable dasses group (A, B, C); 0.18% of
occurrence with the neutrd gability dass (D); and 1.19%, 0.67% of occurrence with the gable dasses
group (E, F, G), rexpectively. At thelow tower devation 63 mlevd, the occurrence of cdm windswere
0.05%, 0.01% dass, and 0.02% with the ungable dasses group (A, B, C); 0.27% with neutrd gability
(D); and 1.94%, 1.25%, and 0.30% with the stable dasses group (E, F, G).

Asfor thewinds & the high tower devation 63 m and devation 93 m levels, the combination of Sability
dass A with cam winds occurred a 0.07% and 0.04% of thetime dass B with cdm 0.02% and 0.01%;
cdlass C with calm 0.03% and 0.01%; dass D with cam 0.34% and 0.17%; dass E with calm 0.99% and
0.59%; dass F with cam 0.28% and 0.22%; dass G with calm 0.03% and 0.06%, repectively.

Monthly, joint frequency distributions of wind speed and wind direction by each a@mospheric dability dass
a0 showed ssasond variaions. Therewas agood didribution of dightly Sable (E) and neutrd (D)
dasssover dl thewind directions a al messured levels of the two meteorologicd towers

2.3.2.2 Potential Influence of the Plant and its Facilities on Local Meteorology

2314

The effect of the plant and itsfadilities on the loca meteorology will befairly minor. Modification of locd
terrain as aconsaquence of the condruction of the plant and itsfadlities to the Stewill redigribute the
naturd terrain fegtures and add roughnessdlements. Indl wind directions, the only notable effect will be
the addition of mechanical turbulenceto thearr thet enhances diffusion.

Dueto the change of surface materids, absorption of solar rediation will increese. Thus it will resultina
dightly higher temperature during night time at the plant vidnity, but will have no effect beyond the ste
boundaries.

Operationd coaling will be accomplished entirdy through the dosed heat exchange with the Pecific
Oceen. Modest increasein locdlized surface temperature of the weter offshore will not add significantly to
Meterology
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the ar temperature or water vapor contents of thelocal meteorology. A little added heat will increasethe
ingability of the ar and enhance mixing and diffuson.

2.3.2.3 Topographical Description

The Lungmen NPS ste, fronting the Pacific Ocean, islocated on the northeest coadt of Taiwan, about

20 km southeest of the dity of Kedung, and 40 km eest of Tape, ametropalitan city. Theterrain of the
plant isflat dong the north to the eed-southeadt directions: Ridges and hills are generdly didtributed in the
aress of south, west, and north-northwest directions. Figures 2.3-24 and 2.3-25 are the topographic maps
showing the areas within aradius of 8 km and 80 km of the Ste respectively. Fgure 2.3-26 shows
topographic prafilesin each of the 16 compass directionsradiating from the Ste. These cross sectionsgive
graphic pictures of theterrain characteridtics of the Lungmen NPS site.

Thetopogrgphica characterigticswill have an effect on the northeest and southwest monsoons. Because
the northeest quadrant of the plant iswide and open, the northeast monsoon will govern the dimate without
obstruction from October to April every year. Storms and waves could essily atack the Ste once the
typhoons pass through the eest of Tawan and itsvicinity in the summer and fal ssasons Themountain
ridges and hills on the southwest quadrant of the Ste may act as obgtadlesto prevent the southwesterly
windsfrom blowing over thedte. Thus, lessrainfdl and wesker windswill occur in summer.

2.3.3 Onsite Meteorological Measurements Program

The ondte meteorological messurements program was designed to meet the requirements of USNRC
Regulaiory Guide 1.23. Meteorologica obsarvation gationswere set up a the plant Stefrom August
1966 to July 1971 to monitor air temperatures, rdative humidity, precipitation, amounts of heat generated,
wind speeds and directions, and other dimetic factors In addition, the Sationswere set up againin July
1980 and observation towers were added to record wind directions and wind Spesdsin high and low layers
and to obsarve degrees of gability. Joint frequency tables by sability dass, generated from the measured
meteorological data, will be provided in FSAR.

2.3.3.1 Preoperational Program

Meterology

Meteorologica obsarvaionsinduding amaspheric pressure, air temperaure, rdaive humidity, rainfdl
and doudiness have been in progress on the Ste Snce August 1966. At presant, the rdated data reduction
and compilation are asfollows

(1) Gengd meteorologicd dements such astemperature, dew point, insolation, eic. are observed for
obtaining the necessary average vaue or time didtribution.

(2) Thebascreduced dataare compiled into monthly and annud joint frequency digribution of wind
Speed and direction by amospheric Sability dass.

(3) Thedidribution of cdm conditions a the Ste are based on hourly spot reedings and the andog
trace.
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(4) Usng fluctuaion of wind direction and temperature gradient, the ability dassficationis
ascertained.

After data collection, additional meteorologica dataare investigated which indude inverson condition,
amogpheric gability and air flow (i.e., loca wind pettern, seabreeze) calm condition, eic. Table 2.3-88
shows an outline of meteorologica ingruments used & the Lungmen NPS ste

2.3.3.2 Operational Program

After condusion of the preoperationd program, only the necessary meteorological monitoring insruments
will remain asthe primary operational meteorological monitoring system, with remote deta reedout and
recording sysemsin the plant main control room (MCR). Other meteorologica dationsmay be removed,
relocated or added as necessary. Additiond meteorological messurements;, if necessary, will meet the
requirements of USNRC Regulatory Guide 1.23.

2.3.4 Short-Term (Accident) Diffusion Estimates
2.3.4.1 Objective

Edtimation of amospheric diffuson (c/Q) a the exduson areaboundary (EAB) and the low population
zone (LPZ) can be obtained from the Ste data and the measured meteorologicd deta

2.3.4.2 Conservative and Realistic Dilution Factors

2.3-16

The amogpheric rdaive concentration (c/Q) values were calculated according to USNRC Regulatory
Guide 1.145. Two dasses of rdeaseswere conddered in the cdculation: (1) ground rdease through vents
or building pendrationsand (2) dack rdesse.

For ground rdeasesinduding dl rdlease points or areasthat are effectively lower than two and one-hdf
timesthe height of adjacent olid Sructures, two sats of meteoralogica conditions are trested differently, as
follons

(1) During neutrd (D) or gable (E, F, or G) atmospheric stability conditions when the windspead &
the 10 meter levd islessthan 6 meters per second, horizonta plume meander may be conddered.
¢/Q vaues may be determined through selective use of the following set of equationsfor ground-
leve rdaive concentration a the plume centerline

1

¢/ Q= (231)
10
1
10
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1

C/Q=—mz<y (233
Uy Pays:
where
clQ = rdative concentration, in In°,
p = 3.14159,
Up = windspeed a 10 meters above plant grade, in s
sy = laterd plume pread, inm,
Sz = verticd plume soreed, inm,
S = latera plume spread with meander and building wake effects inm,
A = thesmeles vertica-plane crosssedtiondl aredf thereedior building, inn -

¢/Q vaues should be calculated from Equations 2.3-1, 2.3-2, and 2.3-3. Thevaduesfrom
Equations 2.3-1 and 2.3-2 should be compared and the higher value slected. Thisvaue should
be compared with the value from Equation 2.3-3, and the lower vaue of these two should then be
sdected asthe gppropriate ¢/Q vaue.

(2) Duringdl other meteorologica conditions, plume meander should not be consdered. The
appropriate c/Q vaue for these conditionsis the higher vaue calculated from Equation 2.3-1 or
232

For dack rdeasesinduding dl rdease points at levesthat are two and one-hdf timesthe height of
adjacent 0lid gructures or higher and for nonfumigation conditions, the equition for ground-eve rdaive
concentration a the plume centerline for dack rdeasesis

c/Q=— 1 expg' hezg (2.3-4)
pUss,s, ~&2s,°q
Where
Un = windgped representing condition &t the rleases height, inmvs,
he = dfedivedadk haght,inm:h=hhy,
hs = theinitid height if the plume (usudly the sack height) above
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2.3-18

plant grade, inm, and

h; = themaximum terrain height above plant grade between the rdeases point and the
point for which the caculdionismede, inm. If hisgreater than h s thenh=0.

For fumigation conditions, a“fumigation ¢/Q’ should be caculated for each sector asfollows The
equation for ground-leve relative concentration & the plume centerline for stack rdesses during fumigation
conditionsis

1

c/Q= (20)"Uns 1, ,h,.>0 (235
wherecQ
Us = windsped representative of the fumigation layer of depthhe, inm/s and
sy = thelaerd plume soread, in m; amoderaidy dable (F) amospheric Sability

condition isusudly assumed.
The procedures described above are usad to cdculate the two-hour ¢/Q vauesfor the EAB and the LPZ.

Anannud average (8760-hour) ¢/Q should be calculated for each sector & the outer LPZ boundary
digancefor that sector, usng the method described in Regulatory Guide 1.111.

Thec/Q vauesfor EAB or LPZ evduations are the maximum sector cQ or the 5% overdl Ste
cQ, whichever ishigher. The procedure of cdculaing these cQ vauesis described b ow.

Using the ¢/Q values cdculated for each hour of data, acumulative probability distribution of cQ vaues
is condructed for each of the 16 sectors. A plot of cQ versus probability of being exceeded is mede for
each sactor, and asmoath curveis drawn to form an upper bound of the computed points. For eech of the
16 curves, the ¢/Q vduethat is exceeded 0.5 percent of thetota number of hoursinthedaiasat is
sHected. These are the sector ¢/Q vaues. The highest of the 16 sector valuesis defined asthe maximum
sector ¢/Q vdue

For the outer LPZ boundary, sector cQ vaues are determined for varioustime period throughout the
course of the pogtulated accident. For agiven sector, the average cQ vaduesfor the varioustime periods
are gpproximated by alogarithmic interpolation between the 2-hour sector cQ and the annud average
(8760-hour) cQ for the same sector. The highest for the 16 sactor valuesis defined asthe maximum cQ
vauefor eech time period.
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The5% overdl StecQ vaues are determined by congructing the overdl cumulaive probahility
digribution for dl directions combined. The 2-hour ¢/Q vauethet is exceaded 5% of thetimeisthen
sected form the plot of cQ versus probability of being exceaded. In addition, for the outer LPZ boundary
the maximum of the 16 annud average ¢/Q vauesis usad dong with the 5% 2-hour cQ vaueto
detemine c/Q vauesfor the intermediate time periods by logarithmic interpolation.

The computer code PAVAN (Reference 2.3-5) isusad to cdculated the short-term accident atmospheric
disperson factors For the andyds, Unit 1 wasfound to be limiting dueto its proximity to the plant
southern boundary and therefore ¢/Q vauesfor Unit 1 were used for both unitsto provide aconservaive
licenang bads The cdculaed cQ vaues areliged asfdlows

c/Q (gm’)
Elevated Rdease Ground Rdease
2h 1194 3.95E4
8h 4.62E-5 3.06E-4
1d 2.88E-5 2.69E-4
4d 1.04E-5 2.04E-4
30d 2.38E-6 1.37E-4
Annud Average 3HE-7 8.44E-5

For the ground release, acadents, the limiting ¢/Q was found in the ENE sector which represents the
minimum distance to the Ste (or exduson ares) boundary. The c/Q's for the distances from the Turbine
Building truck doors were found to be limiting and used for bath the Turbine Building rdeases and the
Spent Fud Cask releases from the Reactor Building truck doors Reference 2.3-6 wias used to evauate the
short term (2 hours) ground leve diffusion coefficient with building weke.

The plant stack, which recaives inputs from the Standby Gas Treatment and Containment Overpressure
Sydems, isasagmicdly qudified gack reaching aheight of 116 meters. The height of the gack dlowsfor
buoyancy of the sack plumes and qudlifies the ack as an devated rdease point in accordance with RG
1.145. Usng PAVAN code, maximum ¢/Q vaues were found in the WNW sector on the ridge rising to
thewed of the plant Ste. Thisc/Q was used for al rdeases from the plant stack.

2.3.4.3 Main Control Room Dilution Factors

Meterology

The limiting doses to the operator in the Main Control Room (MCR) under the accident conditions listed
above will result from rdeases from the Turbine Building truck doors. This rlease point is gpproximatdy
the same digance from the MCR intakes as the doors are from the Ste boundary. Therefore, for the
PSAR, a cQ eguivaent to the ground rdleases offste ¢/Q was used for the control building. The ¢/Q
calculated from the plant stack to the control room intekes was on the order of 10 ® §im® compared to the
Ste boundary ¢/Q of 3.95x10*. To provide a consarvative caculation, the eevated release site boundary
¢/Q swere used for the MCR cdculations

2.3-19
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2.3.5 Long-Term (Routine) Diffusion Estimates
2.3.5.1 Objective

Consarvative and redlidtic estimates of annud average amospheric diffuson are caculaied basad on the
Ste dataand the measured meteorological data

2.3.5.2 Long-Term Dilution Factors

Annud average ¢/Qs were caculated according to USNRC Regulatory Guide 1.111 usng the following

equation:
R 2
where
c/Q = anud averageground leve concentration normelized by effluent emisson rate
f = thejoint probahility of stahility, windspeed and wind direction
X = downwind distance from rdeases, meters
= meen horizontd windspead, m/s
hs = dack height, meters
D, = plumerise meters
hy = heght of ground a downwind digance x, meters

The”worst case’ annual ¢/Q values a the EAB/LPZ is8.44x10° in the ENE sector for the ground rdlesse
and 3.94x10” in the WNW sector for the stack release. These values were used in the graphical
interpolation scheme for intermediate short-term ¢/Q values described in Subsection 2.34.
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