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ABSTRACT 
 

This Annual Report 2011 reports on the TPCΩs achievements in 

implementing the Spent Nuclear Fuel Disposal Program Plan. This 

report presents άDisposal Environment Investigat ion,έ άDevelopment 

of Disposal Technologies,έ and άPerformance Assessment of Spent 

Nuclear Fuel Disposalέ in consistence with the requirements of the 

program plan for the 2010 to 2012 period. 

The main achievements of the άDisposal Environment 

Invest igationέ include dril l ing of f irst  500-meter-dril led-core borehole 

in the eastern Taiwan granit ic bodies as well as conducting 

Magnetotellurics (MT) geophysical survey around the planned area for 

the Geological Tunnel Laboratory in H-area for underground 

information about water conductive structures. Moreover, this project 

f irstly sets up microseismic network and continuous GPS monitoring 

stations around the target granit ic bodies to monitor long-term 

seismicity, uplift  or subsidence by crustal movement. Furthermore, 

downhole mult i-packer pressure monitoring for groundwater also has 

been kept for long-term hydraulic characterization in three deep 

boreholes in western offshore islands.  

hƴ ǘƘŜ ά5ŜǾŜƭƻǇƳŜƴǘ ƻŦ 5ƛǎǇƻǎŀƭ ¢ŜŎƘƴƻƭƻƎƛŜǎΣέ ǎƛƎƴƛŦƛŎŀƴǘ 

technical achievements in 2011 include: laboratory-scale rock testing 

on thermal properties by conducting thermal measurements in a 

granit ic block associated with back-f i l led bentonite for further 

numerical simulations; discrete fractural network modeling (i.e. 

DFN_Net) based on in-situ fracture measurement from a tunnel of the 

western offshore islands; for geochemical evolutionary modeling based 

on hydrogeochemical data of the western offshore islands, this year 

the Eh-pH diagrams of U, Cu and Fe have been carried out to 

evaluating stable condit ion of HLW geological repository; and 



   

 

laboratory nuclide transport ation and retardation testing for 

determination of diffusion coefficient factors in different 

aerobic/anaerobic environments. 

In the buffer/backfi l l  material propert ies research, it  describes 

the features of bentonite as a candidate material for the buffer 

including physical properties, mineral composit ion, etc., in order to 

understand the material composit ion and properties, and to explore 

the thermal properties and hydraulic properties, to understand 

features of bentonite under different design (such as density, water 

content, etc.), to facil itate subsequent disposal of the reference 

design engineering barrier. 

The work of sub-item two is delegated to study performance / 

safety assessment for the variational scenario. The scopes of sub-item 

two include (1) Analysis and systematic description of research results 

about crust uplift , surface erosion, climate change, sea level change, 

tsunami and other environmental factors in Taiwan, (2) Analysis of 

environmental factors in the past, recent and future trends, as a 

comprehensive analysis of the disposal sites for possible future 

changes in ambient condit ions and formed a basis for impact. 

Earthquake damage to underground constructions is either caused 

by shaking or displacement on old faults. The study conducts case 

studies related to seismic activies, understanding of seismic activity on 

the damage of underground constructions. 

In the performance assessment study, it  includes overview of 

current status of international Thermo-Hydro-Mechanical-Chemical 

Coupling (THMC) project for spent nuclear fuel, and analyze the space 

and time scale evolution affected by possible individual thermal, 

hydraulic, mechanical, chemical and its coupling interactions for space 

scale and time scale to support the research of radionuclides migration 

behavior simulat ions in the near-f ield. 
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1ȳ  

ᶺ ӣ І П Ȳ…Ṽɦӣ І

ד2006) 7ѣ ứᾪ )ɧП ứ Ȳй ᴩ в Пᶾ

ц ╟ᾼ ∂ЏᵂȴṼ ɦӣ І

7ѣד2006) ứᾪ )ɧП Ȳ2005~2017דⱢɦ ֯ ӕỵ ἤ

▲ ᴷɧ ◕ȴױ ◕ԉ ᾼẒ ṭ Ɫὑ2009ד ҏɦᶺ

ӣ І ῴḔᶾ Ҡᴩἤ ᴷ ᵫɧ ( SNFD2009

ᵫ )Ȳѿцὑ ד2017 ҏɦᶺ ӣ І ᶾ Ҡᴩἤ

ᴷ ᵫ ( SNFD2017 ᵫ )ɧȴӭ›БᶙכῺ Џᵂѻ ӭ ̅̅

ҟ  שׁ Ὠכ вҵד Ȳὑ ד2009 ҏ

ɦ ᶺ ӣ І ῴ Ḕ ᶾ Ҡ ᴩ ἤ ᴷ ᵫ (

SNFD2009 ᵫ )ɧȲ ᵫв ɦ Ԉᾼ ṅɧȳשׁ▲

ɦ ᶾ ᾼׁשṅ ɧȳɦӣ І ᾼғ ᴷɧ ᶾ

ὨȲὑכ ד2010 7ѣ ֝ Ȳṳϱ еᵫȴү еҨ

Ṽ ПSNFD2009 ᵫв Ȳ ѿ ɦӣ І

ד2010 ᾪɧȲὑ 1ѣד2011 ứеᵫȴ  

SNFD2009 ᵫᾼׁשṅ Ὠ ӱȸү ֮ ὑ֮ Л

ứ Ȳᵀ♄ ȳ֮ ȳѭЍ♄ ц֮ ḳ ᶁצẔ‭ иӁᾼ

ἤȷ Ϡ ῧ ỵ ẓ   ֮ ứ ἤҵȲ ҟ Ɫᴯὑ

ὰ ꜜПӐ ῧ ỵ Ȳ ṅשׁ ӱῺᴍ ẃҠד Б

Ϥד ứ֮ Ԉȴ֪ױȲ֯∟ ᾼ ֯ ӕỵ ▲ЏᵂМȲ

Ғ Ӑ ῧ ỵ ứἤᾼׁשṅȲṳậ Ẕỵ ȳиӁ ѻ

Ἃᴼ ȴ  

֯ ҟ МȲӐד ֯ӕỵ ἤ ▲ᶾ П Ȳ

Мὑ ῧ ỵ П ᶾ Ȳ ֢ ᶾ ᾼ

֥ἤ Ȳậ ᶾ ᾼ ϩ ὨȲѿцכ ᾼ֮ ἤ

ȳ Ȳѿ∂ ῴḔ֮ Ἐ Ȳẁғה ׄԓ ᴷᶾ

ӣȲ ᶙ ֮ ▲ᴟғ ᴷᾼ ᵂ ☼ ȴ ֯
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ᶙפּכ 500 ֮ῶ / ϩ ȳ16 km֮ ȳ

6э֮ Ԛ 3000 mȲц֮ᾬ /Ѭѝ /֮о /ỵϩ эвה֢

ᵂ Ȳṳ ֥ἤᾼ֮ ȳ֮ᾬȳѬѝȳѬо ц

έȲ∂ ҏ ῴḔ֮ Ἐ ȴה  

Ӑ ∟ Џᵂ …ѿ SNFD2009 ᵫⱢ Ȳ═ ᴩӐ

ῧ ỵ ӕỵ ἤ ▲Ȳ֝ ᴩ Џ ᶾ ц Пғ

ׄԓ ᴷᶾ ᾼῴḔ ЏᵂȲѿ כ ֯ ӕỵ ἤ ▲

ᴷ ◕ӭ Ȳ ὑӖ Ἁד106 ҏɦSNFD2017 ᵫɧȴӭ›

SNFD2017 ᵫᾼӭ ȲҔ╗ϯԝϮ ѻ ȸ (1) ᵡ᷄ẞ֥

ᾼῧ ỵ ᴩ֮ ȷ (2)֮ ᶾ ϩ╥ᵡᶙ ȷ (3)֮

╟  ׄԓἤП ᴷȴױ ᵫМ (1)ᶺ ╥ᵡ֥צ

ӕỵȲ (2)ᶺ ╥ᵡБ ᶾ ȴⱢ ԉױכ ȲӐ

Ḕᶙכᶺ ῧ ỵ ֯ӕỵ ἤᾼ ▲ ᴷȳ∂ ῧ

ỵ֮ Ἐ ȲѿцӐЁоה Пғ ׄԓ ᴷᶾ ᾼׁש

ȲᵂⱢ SNFD2017 ᵫᾼ ᴕṼ ȴ
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2ȳ ӭᾼ 

ӭ›ɦ ֯ ӕỵ ἤ ▲ ᴷɧ ◕ (2005~2017)ӭ ╥

ὑ2017ד ҏɦᶺ ӣ І ᶾ Ҡᴩἤ ᴷ ᵫɧȷ

ᶾ Ҡᴩἤ ᴷ ᵫȲ Ṽ ӑẃ вד ▲ ᴷכὨ ҏ

в ֥ ᵿ∂ ▲ ȲṳṼ Ὠכ▲ ᴷ

ᶾ ПҠᴩἤȲᵂⱢ ϯ ◕Џᵂ П

ȴ  

Ɫ כ ӭד2017 ȲӐ Џᵂ (~2013)Ɫȸᶙכ

֮ ᵾ∂ цᵾ Ể ỵ ЏᵂȲѿᵂⱢ∟ ֮

ᵾ֢ ᶾ שׁ ц ᾼ ӐἉ Ȳѿц Ὼ Ṇ ֥

ṅПשׁ Ѭϩ ֥ ᶾ П ȴМ Џᵂ (~2015)Ɫȸ

ᴩῧ ỵ  ứἤ ṅȷṳשׁ▲ ᴩῧ ỵ ἤ ▲ ᶾ

ȳ☻Ѭ / ֮ ᴷᶾ П ȴὑ  Џᵂ

(~2017)Ɫȸ ᴩῧ ỵ   ứἤП ғ ׄԓ

ᴷᶾ Џᵂȷ  ṳᶙכ в ᶾ Ҡᴩἤ ᴷ ᵫȴ  

Џᵂ ӭ Ȳ ПЏᵂ⇔ד101~99 ӭцв

Ҕ╗ȸ  

(1) Ԉᾼ ṅȸשׁ▲  

(a) ῧ ỵ ֮ ἤ ▲ȷ  

(b) ֮ ֥ ἤׁשṅȷ  

(c) ү ὧ ῧ ỵ   ứἤП иέׁשṅȴ  

(2) ᶾ ᾼׁשṅ ȸ  

(a) ỵ ȷ  

(b) ֮о Ԉᾬ ứἤׁשṅȷ  

(c) ֮ ᵾ ἤ ▲ᶾ ȷ  

(d) ⅍ỵ ֫ Ḋ ȷ  

(e) Ὼ ֫ Ḋ ἤПׁשṅȴ  

(3) ӣ І ᾼғ ᴷȸ  
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(a) Ἐ ה Пׁשṅȷ  

(b) Ὼ ֫ Ḋ ế∟ ᴩⱢ Пׁשṅȴ  

 

ϱἬ Ȳ֯Ӗ ד106 ҏɦӣ І ᶾ Ҡᴩ

ἤ ᴷ ᵫɧП  ӭ ϯȲӐ ֥ ȳМ ц  Џ

ᵂ ẃ ᴩȴᴖᴞӖ ⇔ד100 ȲӐ Ṽ Џᵂ

ӭ Ȳ ᴩϱ ֢ ЏᵂȲӐד⇔ ד100) ) ᴩכὨ ὑ

Ϯ ȴ  
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3ȳ ᴩכὨ 

3.1. Ԉᾼ  ṅשׁ▲

Ԉᾼ ▲Ϟ ᶺ ֮ ԈȲᴕ ỵ  

ׄứἤᾼ Ἤ ᴩ ᶾ Ҡᴩἤᾼ ▲ ᴷȴ ɦӣ

І ῴḔᶾ Ҡᴩἤ ᴷ ᵫ (SNFD2009 ᵫ )ɧ ᶺ

֮ ֫ Ȳѿц ᶾ ∟ שׁ ᾼ∂ Ȳ

֯ ӕỵ ἤ ▲ ṅЏᵂȲשׁ ὑ ֥

Ἐ ⇔ᾼ ῧ ỵ ἤ ▲ЏᵂȲѿ ẁ  ׄԓἤ ᴷ

Пӣȴ  

 

3.1.1. ῧ ỵ ֮ ἤ ▲ 

Ӑד⇔ Ӑ ῧ ỵ ᾼ ֮ ἤ ▲Ȳ∂ ϚЀ

פּ 500 mᾼ֮ ▲эȲϚѠ ѿậ ֮ϯỵ ᾼHQѐЉП Уỵ

їȲᵂⱢỵ ἤȳ ἤ ỵ ứἤиέПӣȷҫϚѠ

Ȳ ▲э ᵂⱢ∟ ֮ ἤ П Ӑ ӂүȴױ

ҵȲ ֮ ᵾ ứ∂ ȲӐד⇔ Ѝ ѿ ᴩ

Є֮ ЏᵂȲ ѿ ῧ ỵ Ẕ ỵ П ц

ᵶѬ ἤ ד ȲᵂⱢ∟ ֮ Ἐ Ӵ∂ה ỵ ứἤׁש

έП ᴕṼ ȴד Џᵂ ᴩכὨ ֽϯȸ  

(1) ֮ ȸ  

Ɫậ ῧ ỵ ᴫҖ ꜜ П Ѭѝ֮ Ȳ ẁғ

ׄԓ ᴷ П Ȳ֮ … ῶ֮֮צ ȳЄ֮

цῈМ ϩ έ ᵒȲậשׁ֥ ῧ ỵ

иӁ ȳ₤ ꜜПῴḔ Ȳṳᴕ Ё֮ậ ṿӣ֪

Ԉѿ ứУᴯȴ ӣP6Lᾒ ה Ȳэ ỵїѐ

ЉⱢHQ Ȳṳ э (Open Hole)Ѡה Ȳױ ѿ 60mЛ

⅔ᴰ о иȲ ᵍᶀэ Уᾼ ҵȲӼ
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ӣѿ ֮ϯѬἨ֮ῶѬ Ȳѿᵓ∟ ֮ᾬȳ֮оȳѬ

ϩ эв П ᴩȴ  

ӐУ ᵂ ὑ Ὼῧ ỵ Є ỵ ꜜП ϱ

ᴩȲỵї ậ МȲ֫ן ṏֻȲ ֵ ᾼ

Ȳᵀ╟Сᶝ ἤᾼ ѿ ỆУ ═ эғ Ȳ᾿

ᴟ1008דѣϯע ứӭ ⇔ 500 mȴἬ ậПỵїṼᶧ

Ὅὑỵї Ȳṳ׀’ ᴩỵї ∟Ȳѿẁד ᴩỵїУ ц

ӣȴױҵȲӐУэ ậ ֮ ỵї

ҷ ◕Ȳ֯ ᴩ П›ȲꞋ ᴩэв (Borehole 

Camera)Ȳѿ ậ ׀’ ◕П Уצ ȴ  

ѿϯȲ ỵї эв Ȳẃ ὙӐэП֮ϯ

֮ ᾓȸ  

(a) ỵ ἤȸ  

ӐэὑῺ֮ῶ Ɫᵜ Ӱᶈ+цҽ ỵ ПḤ Ȳ

ᴟ29.8 mỞ ѱ ỵ ȲП∟ᾼ֮ ѻ ѿῧ ѱ ỵⱢ

ѻȲ ᶈצӰ цѠ Ӱ (  3-1)ȴỵ ϱֵẓὙ ᾼ

ѱ ᾭ Ȳẓצ ᴥ ᾬᵶ ֵᾼ Ȳѻ ᾬ

Ɫכ  ӰȳӰ ȳṔ Ӱȳ ӕȲṳᵶצ ᾇӰȳ

Ѡ Ӱȳ ᾬȴѱ ᾭ ᾼỵ◕Ҡ ╥ỵ

֮֯ ắẞ ἤ й ♄ ᾼ Ȳ Ὼ й М

їᾼ ᾬ ᶮ ЄȲ Ȳѱ ᾭ ȷד

ПϯȲ й ᾼỵ◕ȲЛắ й Ȳᵧ ỵצ

Ȳ ᾬЬẓ ᾭиӁ ☼ ᾼῧ ỵ (ᵀЬắ

⇔ ᵂӣ Ȳֽ  3-1 a,c)Ȳ֪ױҠ῀Ӑỵ ắ

ᶮᵂӣ›ᾼ ỵⱢῧ ỵȴױҵȲ צ Ԍỵ◕ẓ

צ ȳ ᵶ ᾬцӪᴥ ᾭ Ӱ ᾬП ῧ ỵ

(ֽ  3-1 c)Ȳױ ῧ ỵ ҟṳӑ ѝ ȴ  

(b) иέȸ  

Ӑэ Ἤ ֵ ֮ ȲẔѻ иӁὑ ⇔

75.6-78 m ȳ 125-127 m ȳ 212-214 m ȳ 242.6-244 m ȳ
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268.7-271 mц 334-346.5 m (  3-2)Ȳ ậ ỵїҠ

Ẕֵᶈצᾇ ᾬȳ Ṕ ȳѠ Ӱȳ ᾇӰἨӰ ҉

ᾬ Ȳṳ כ Ԍỵїậ ᾼ ҷȴ

╟ᵂᾼэв ὨȲ ѿ ỵї ȲҠῴ

Ḕ Ὑֽϯȸ  

(i) ⇔ 75.6-78 m ◕ȸỵἤ Ȳ МᶈᾇȲУ Ҏ

Ȳ ѻ ӦẒ Ȳכ ᴯ Ϛ Ɫפּ

Җ ὧ 30⇔Ȳ Ṕ⇔ (Єὑ 60⇔ )֣ᴫ ȲҫϚ Ɫפּ⁄

Җ ὧ80⇔Ȳѿּ30פ⇔֣Җ (  3-3)ȴ  

(i i ) ⇔ 125-127 m ◕ȸỵἤ Ȳ ᵶᾇ ҉ ᾬȲУ

ᶮכҎ♂Ȳ ᴯ ѻ ⱢҖ ὧ 45-80⇔Ȳּפ 50-80

⇔֣Җ (  3-4)ȴ  

(i i i) ⇔ 212-214 m ◕ȸỵἤ Ȳỵї ҷ ◕…ᵶЄ

ᾇ ҉ ᾬȲ ᴯ ѻ ѿῺὧᴫṛ֣Ȳּפ 40-60

⇔֣Җ Ɫѻ (  3-5)ȴ  

(iv) ⇔ 242.6-244 m ◕ȸӐ◕ Мẓצ Ё ἨѠ

Ӱȳ ᾇӰ ҉ ᾬȲ ѻ ӦẒ Ȳכ

Ẕᴯ Ϛ ⱢҖפּ ὧ 45-90⇔Ȳ 30-60⇔֣Җ ȲҫϚ

ⱢҖᴟҖפּ⁄ ὧ 30⇔Ȳѿּפ 40-60⇔֣ᴫ (  

3-6)ȴ  

(v) ⇔268.7-271 m ◕ȸӐ◕ М3צ ẓצὙ ᾼᾇ

҉ ᾬ Ȳ ᴯ Ɫ ὧ ᴫ ṛ ֣ Ȳ פּ 60⇔ ֣ Җ (  

3-7)ȴ  

(vi) ⇔ 334-346.5 m ◕ȸӐ◕ỵἤПѱ ᾭ ЛὙ

Ȳ ẓצᾇ ἨѠ Ӱȳ ᾇӰ ҉

ᾬȲẔМѿ 337.5-342.5 m 344-346 m ◕ Ɫ

ȴӦὑῺ345 m ПУ Б ᶀȲ Ё ҉ ᾬҠ

֫צ Ȳ ṿэв ᾎ ȴᴖẔ

◕ПУ ⁄Ữ ᶙ ȴ ѻ ӦẒ

ȲϚכ ⱢῺὧᴫṛ֣ᴟҖפּ ᴫ 70⇔Ȳ 60-70⇔֣Җ
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ȲҫϚ ⱢῺ⁮Җṛ֣ᴟҖפּ⁄ ᴫ 15⇔Ȳѿּפ

60-70⇔֣ᴫ (  3-8)ȴ  

 

ѿϱⱢ ᴩПῴḔכὨȲ∟ ᴩ ⇔ỵїУ

цэв Ȳ ᵒỵἤשׁ֥ ἤȲ ẁУϯѬѝ֮

ȳ֮ ᾬ ֮ о ▲ ᴕȲѿц ἤиέПӣȴ  
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(a)

(b)

(c)

(d)

 

 3-1ȸӐ ῧ ỵ1 УП҅ῶἤỵї 

(a)56-60mỵї(ῧ ỵцắ йᵂӣ Пῧ ѱ ỵ)ȷ(b)152-156mỵї(ῧ

ѱ ỵ)ȷ(c)300-304mỵї( ῧ ỵ)ȷ(d)456-460mỵї( ᾭῧ ѱ ỵ)ȴ 
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(a)

(b)

(c)

(d)

(e)

 

 3-2ȸӐ ῧ ỵ1 УП ◕ỵї 

(a)76-80mỵїȷ(b)124-128mỵїȷ(c)212-216mỵїȷ(d)240-244mỵїȷ

(e)268-272mỵїȴ 
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(f)

(g)

(h)

 

 3-2( )ȸӐ ῧ ỵ1 УП ◕ỵї  

(f)336-340mỵїȷ(g)340-344mỵїȷ(h)344-348mỵїȴ 
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Ground Circle
Diagram

Rose Diagram

 

 3-3ȸӐ ῧ ỵ 1 У75.6-78mэв У ᴯ и

έ  

( Мᴥ ҅ῶ Ṕȸּמᴥ҅ῶ0-30⇔ȳ ᴥ҅ῶ30-60⇔ȳ ᴥ҅ῶ60-90

⇔ȴ) 

Ground Circle
Diagram

Rose Diagram

 

 3-4ȸӐ ῧ ỵ1 У125-127mэв У ᴯ иέ 

( Мᴥ ҅ῶ Ṕȸּמᴥ҅ῶ0-30⇔ȳ ᴥ҅ῶ30-60⇔ȳ ᴥ҅ῶ60-90

⇔ȴ) 
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Ground Circle
Diagram

Rose Diagram

 

 3-5ȸӐ ῧ ỵ1 У212-214mэв У ᴯ иέ 

( Мᴥ ҅ῶ Ṕȸּמᴥ҅ῶ0-30⇔ȳ ᴥ҅ῶ30-60⇔ȳ ᴥ҅ῶ60-90 

⇔ȴ)  

Ground Circle
Diagram

Rose Diagram

 

 3-6ȸӐ ῧ ỵ1 У242.6-244mэв У ᴯ иέ 

( Мᴥ ҅ῶ Ṕȸּמᴥ҅ῶ0-30⇔ȳ ᴥ҅ῶ30-60⇔ȳ ᴥ҅ῶ60-90

⇔ȴ) 
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Ground Circle
Diagram

Rose Diagram

 
  3-7ȸӐ ῧ ỵ 1 У268.7-271mэв У ᴯ

иέ  

( Мᴥ ҅ῶ Ṕȸּמᴥ҅ῶ0-30⇔ȳ ᴥ҅ῶ30-60⇔ȳ ᴥ҅ῶ60-90

⇔ȴ) 

Ground Circle
Diagram

Rose Diagram

 
 3-8ȸӐ ῧ ỵ 1 У334-346.5mэв У ᴯ

иέ  

( Мᴥ ҅ῶ Ṕȸּמᴥ҅ῶ0-30⇔ȳ ᴥ҅ῶ30-60⇔ȳ ᴥ҅ῶ60-90

⇔ȴ) 
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(2) Є֮ ȸ  

Ӑד⇔ Ӑ ῧ ỵП֮ ᵾ ứ∂ Ȳ

ᴩЄ֮ Ȳ ᴯ иӁֽ  3-9ἬӱȴӦὑ

֮ᶮ Ȳ Д Ȳ֪֥ױ ᴩ ᾼ

ᴯצ Ȳꜙᴟ Ԍ Ь֪ắẞ ▲ в цѬϩ

Џ Пד ֮ϱἨ֮ϯ ╟ Ȳ ṿ ₇ Лṏȴ  

Є֮ ᾎ ҵ╟ ᵉ ӱ ֽ  3-10ἬӱȲ֯ ᴯ

ứ∟ȲԒѿ ứὧȳᴫȳ⁮ȳҖ Ѡ֣Ȳṳ (

)Ȳ֝ ֢ П Ȳױ ⁮ҖѠ֣ ᾼכ

Ɫ Ex ȲὧᴫѠ֣ᾼ כ֥ Ey Ȳӣѿ

⇔ȴẔװиᵑὑ֮ῶὧᴫ֣ц⁮Җ֣ ѬӂѠ֣ᾼ

(ὧᴫ֣ ⱢHxȲ⁮Җ֣ ⱢHy)Ȳ Ɫ ᵅ Д Ȳ

Ӈ ὑ֮ῶ┤ פּ 20 cmᾼ Ȳ ϩ Ὅ ὑ вȲṳ

ϩ ὍᵧѬӂ∟ Ẕ ȴ֝ Ȳὑ₣᾿֮ ₣᾿

Ѡ֣ᾼ (Hz)Ȳӣѿ Ѭӂ ₣᾿Ѡ֣ᾼ ȴ

ᵉ ᶙכ∟ȲṼᶧ ẞѻ ȲԛṼ

ѡП / ѩȲ ứ ᾼ Ȳ ғ

Ȳѿ֝ Ẓ Ф₣᾿Ѡ֣ᾼד ȴ  

Є֮ П ҵ ȲӇ ϚṆԝ

∟ȲИ ֮ϯ֮ ᾼ ȴ ѻ

Ҕ╗ȸ Ӵ ȳ ѩ иέȳּטᾌ ц  

Ȳѿ Л֝ ᾼ   ᴯד ȴ ⁄ Ṽ

  ᴯד Ȳ ᴖ ậ֮ϯЛ֝ ⇔ᾼ֮  

иӁȴӭ›ῴḔ S1 έכὨȲֽ  3-11Ἤӱȴ∟

ד101) ) Ἃ ᴩױ ῧ ỵ ПЄ֮ ЏᵂҵȲӼ

֮ ᵾП Ὼ Ȳṳ ֥ῈМ ᴩᾼ

ϩϮ ЏᵂȲ ױ ֮ ᵾП ứ Ể ῧ

ỵ П ἤȲẔМЄ֮ ᾎ έҏ L1ȳ L2ц S1Ϯ

( ֽ  3-9Ἤӱ )Ȳ Ҡӣẃ ᵗ Ὑ֮ ᵾ Ὼц

Ἇϯ 3еṭ ȲẔᵶѬ Ἤᶮכᾼᵅ   ПиӁȴ
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 3-9ȸӐ ῧ ỵ֮ ПЄ֮ иӁ  

 

 

W   S   N   E

MTU
EW

S

N

Hx

Hy

Hz

GPS

Ground

ϩ

12V ᴃ

+
-

N

╦ ן

ᵉ ứ
 

 3-10ȸЄ֮ ҵ ᵉ ӱ  
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SW NE

19

238

Ohm-m

 

 3-11ȸS-1 П֮  иӁ  
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3.1.2. ֮ ֥ ἤׁשṅ 

Ӑ ӐЁ ПѬѝ֮ иέȲ ὑ ҟУϯ

έП Ȳὑ ד101~99 ᴟ ῧ ỵ ᵾ П

⇔דέȴӐשׁ ὨѿKכ Ѝ ⱢẂȲכὨ ֽϯȸ  

(1) έᶾ ȸ  

›Ϛד⇔Ӑ ᵓӣ Њ Ѭϩ ȳ Ѭϩ

… П֮ иέἬ Ȳ ϡ П …

иӁȳ ἤц ȴӐד⇔ ═ ᵓӣ

ὨȲὑ ῧ ỵ

ᵾ Ȳậ МїиӁ Ȳӣѿ ֥

ПϮ (ᵛDFN_NET ה )ȲᵂⱢӑẃ֮

ᵾиέ П ӣЏẓȴ  

(a) ῧ ỵ ᵾ ȸ  

 3-12Ɫ ϢЏ ὨἬ ᾼᵾ иӁ Ȳ

иέ∟ ῀ ẓצϮ Ȳ ѿ ( ֣ , Ṕ )(dip 

direction, dip angle)ῶӱȲ⁄Ϯ Пᴯ Ɫ (315ï,  82ï)Ȳ (34ï,  

85ï)ц (284ï, 19ï)Ȳ›Ẓ ѾԚ ȴѿDFN ᾼṔ⇔

ᴖṕȲ иέᾼӭᾼȲⱢ ẞЛ֝ ᾼ

ἤȲѿ ẁ Ἤ ᾼ Ϥ ȴ ᴖ Ɫỵ ắϩ

∟Ἤ ӢᾼЛ ȲẔᶮᾭцἋᴼ ᶁ ᾎӦ ᾿

ȷѹ ֮ ϱἬכẞᾼ Ȳ ⱢϮ ֯█ ҵ

ᾼỵӰ ϱἬ Ӣᾼ (Trace)ȴ╝ ч

Ϯ ᾼ ἤȲӇ Ӕц иέ Ḕ Ѡ

ᶙכ (Priest, 1993a)ȲѹӦצ ᾼ ӕ ᾼ

ἤȲ Ӈ֯׀иέ ὨᾼЛ ứἤȴ ҟӐ ⇔ד94-97 ᵫ

Бצ ᾼ Ӕ иέȲṳѿ ᶾ иέ K Њ

 Ὼᾼ Ȳц∂ KMBH01-02-04Њ П

ȴ  

(b) ἤо DFN_NET ȸ  
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Ӧ  3-12Ҡכҏᵾ вᾼ иӁ ЛᶁлȲѹ Ṕ⇔ ӻ

ԚӢȲ ῺІӕ₤ иӁ ἤȴ ᴩ иέП›Ȳ

Ṽ ᴯ ᷄ҏ ᾼи ᶮȲṳ Л֝ᾼ

иᵑиέẔ ἤȲѿ Л֝ ϩᵂӣϯἬ

Ӣ ᾼ ἤȴẂֽȲ ѿ֣ϯ ᾎ֣ Ȳ⁄  3-13Ɫ

ᴯ иέ ὨȲẔ  ⇔ц ᾼиέ Ὠ⁄

иᵑṓῶ  3-1цῶ  3-2ȴ иέ ᾎἬ ᾼ Ȳ֯ḟ

ứ ᴯ П›Ȳ Ԓ Ӕ П ᾼᶈṔ Ȳ

ѿᵍᵅᴷ פּ ӂᴩП ᾼ ἤȴẔ҃ Ӕᾼ

ȲҔᵶ ȳ ȳ  ⇔ ( ◦Ȳ

2008)ȴ Ӕᶙכ∟ȲϯϚḔ⁄Ɫ иέ

ἤ (Priest, 1993a)Ȳиέᾼ Ὠ ῶӱⱢ ᾼ

⇔ẗ (Probabil ity Density Funct ion)ῶӱȲ╝иέᾼ

Ɫ╥ᵡ ᷄ẞ ⇔ẗ ᾼ ȴѿᵾ ֮

Ȳ ᴩ (DFN)ПϮ (ᵛDFN_NET

ה )ⱢӐד⇔Џᵂ ȲẔ☼ ֽ  3-14Ἤӱȴ ᾼה ᴩӦṿ

ӣ῏∂Ӵ Ϥ ỞȲ Ϥ МҔᵶ‍ оᾼ

Ȳ⁄ Ԓ ᾼ иӁẗ (Empir ical Cumulated 

Distribution FunctionȲECDF)Ȳԛ ᴩDFN ȴ֪DFN_NET

МїⱢ ἨῈ ד ᾼ ᾼ (Marked Point Process, 

MPP)Ȳѹ Ҡ῀Ȳ иӁ ѿᴯ иⱢ

(Cluster)Ȳ֪ױDFN_NETѿ иέҏᾼ ᴯ

Ȳ Ԓ ҏḕ Мḕ ᾼМїᴯ ȲϯϚḔ⁄

ḕ ᾼ ᾼ Ȳֽ ᴯ ȳ ЄЊц в

Ȳ ∟ԛᴕ й … ẞ ᾼ DFNȴֽ  3-15(b)ц  

3-16(b)иᵑѿІӕ₤ Мїц МїἬ ПϮ

ὨȲẒ ẂἬ П Ϥ ֽῶ  3-3ἬӱȴІӕ

₤ (Parent-daughter)ч╣ỵ М ᾼӢכẓצῈ ד

ἤȲᵛӕ  Ὼ Ӣ ӭЛ ᾼІ Ȳᶮכ ἤᾼ

(Bil laux et al., 1989; Xu and Dowd, 2010)ȷᴖ Мї⁄ῶӱ
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Мїᾼᴯ ֯Ὲ МᾼиӁ ὑ ϬӠὲ (Poisson 

point process) (Xu and Dowd, 2010)ȴ йᾼ ѠᾎȲ

ѻ Ὠ Њ Є йᴖ Ѧὑ

Є ϱȲױ ч װ ֪ ᾎּז ѻ ᴖ

ȲҠ ỵ ϩ Ԉȳ ӢכᾼԒ∟ ᶧȳ

ᶮц ҉ ᾬ צ ȴ ױ ȲDFN_NET ứ

йᾼ Ẕҙ ЄЊכчѩȲ⁄ Њᾼ йᾼ

ЄȴױҵȲᴕ Њ Л ֪ йᴖӦ כ

Ӵ Ȳ֪ױ ứ й∟ᾼ ᴟю Ɫ ᾼ

50%ȴDFN_NET Ϥ ứᾼ Ἠ Ȳ ҏ

Ϯ DFN Ἠ ӻᾼד Ȳṳ ҏדӻ

Ȳֽ  3-15(a)ц  3-16(a)ȴ  

֯ Іӕ₤ иӁ ȲІ ᾼᴯ ֯ѿӕ ⱢМїᾼ

М ╓ứȲѹḕ ӕ ᾼ  Ѡ֣цЄЊ

ᶁЛ֝דȴᵀҠ ֪Ɫӕ ᴯ ы Ὼ ꜜȲѿ ὑІ

ᾼᴯ ὑ ПҵȲᵛἬ ᾼ (Edge Effect) 

(Xu and Dowd, 2010)ȴⱢ Ӕױ Ȳ ὑ ҵᾼ

І Ȳѿӕ ⱢМїȲ І ᾼ x-ȳ y-ȳ z-ᶄ ֫

Ȳֽױ⁄Ҡѿ’ ἬצІ ᾼ Ȳѿᵍ֪ᵔ

ὑ ҵᾼІ ᴖ ᴷỵ ᾼ ἤȴ  

ᵾ ȲѿІӕ₤ Мї Ȳᴕ 50x50x10mᾼỵ

ᴩ ȲἬ ᾼϮ DFN (ѿ Ϯ ⱢẂ )ц֯Ẓ

ϱᾼ Ὠֽ  3-15ἬӱȲԚҔᵶẒ ȴӦ  

3-15(a)ҠὙ ₤ҏІӕכ иӁᾼ₤ ȲѹӦ  3-15(b)

ϱᾼ ὨҠכҏ ᴿ  3-12ᾼІӕ₤ иӁ ἤȴ ֪

⇔ צ 3ᴏȲѹ Ṕ⇔ ἬᴾѩẂּפⱢԓ

ᾼ 66%Ȳ╝ ᾎ Ṕ⇔ ᾼ ⇔Ȳѿ ὑ

ὨМ Ṕ⇔ ⇔ẃѩᵅṔכ ЊȴױϞắ ὑ ЄЊ

ᴖ ᾼ Ȳ иέБ ᴩ ӔȲᵀЬ ᾎᶙԓ

ױ Ȳ҅ῶ֯צ ᵾ ϱᾼ ᾎ ᾎ ч╣
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֮ỵ МἋᴼἤֻᾼ Ṕ⇔ ȴҫҵϚѠ Ȳ М

МїⱢ Ȳ⁄ Ἤ ᾼϮ DFN Ὠֽ

 3-16Ἤӱȴѩ  3-15  3-16ҠὙ ₤ҏІӕכ и

Ӂ₤ ҅ῶᵾ ᾼ ἤȴ  

(c) ∟ ȸ  

ҟ97-99ד⇔Ӑ Бᵓӣ ֮Уϯ Ȳ ֥

ὨȲ ҏϡ ȳ ҏῧ ỵ М

Ȳֽ … (permeabil ity)цэ (Porosity)Ȳṳ

ᵓӣ ỵ ѠᾎȲиέ ạѬϩ ⇔цᴞ

Ѭϩ ⇔П эӱ ὨȲѿ ֮ỵ ἤȴ

Ӑד⇔ ד100) )֯K ᵾ М ᴩᾼ ἤ ЏᵂȲ֯ ֮

Ѭѝ֮ ϯȲѻ ѿ DFN_NET ⱢѻȲẔЛ֝ᾼה

ғ ᶁѿ оᾼ Ἐ ∟ȲѿѠ―ѡה Ẕ҃

Ȳ ᴩ Л ֝ ӭ ᾼ ᾼ DFN ȴ ∟ ד101) ) ѿ

DFN_NETⱢ Ȳᵓӣԓ Ṿо (Global Optimization)ᾼ ἘȲ

ѿ Ἤ ᾼ ἤ (ֽ ȷ ӂᶁ ȳ

ȳῈ ד ἤ )ᵂⱢ Ԉ ȲṿDFN_NET Ӣ Ὼ

֮ ἤ ᾼ DFN Ὠ Ȳ ױ Ϛ ᴞ Ɫ

DFN_OPTȲ ẁӑẃ Ṇ ПЏẓȴ  
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 3-12ȸK Ѝᵾ иӁ  
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 3-13ȸK Ѝᵾ ᴯ (ѿ֣ϯ ᾎ֣ ῶӱ)иέ Ὠ 
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Ἤצ ᶙ

в ᶙ

Мї

ậ ᴯ ậ ЄЊ ậ в

Ӕ иέ

DFN ∟

No

No

Yes

Yes

ḇ

й DFN

ᴕ Ԉ ԈYes

No

й
Yes Yes

NoNo

‍ о ›

DFN

ἤ

Yes

1

1 No

ӑẃЏᵂ

 

 3-14ȸDFN_NET ▐ה  
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(a) 

 

 
(b) 

 3-15ȸṼ Ѝᵾ Іӕ₤ МїἬ ᾼ Ὠ 
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(a) 

 

 

(b) 

 3-16ȸṼ Ѝᵾ МїἬ ᾼ Ὠ 
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ῶ 3-1ȸ Ѝ  ⇔иέ Ὠ 

ᴯ   Ӑӂᶁ  Ӑ  иᵉ + 

1 (315°, 82°) 42 1.641 0.982 ml = 0.303, sl = 0.712 

2 ( 34°, 85°) 38 1.597 0.886 ml = 0.321, sl = 0.490 

3 (284°, 19°) 25 1.970 0.978 ml = 0.413, sl = 0.423 

+ иᵉẗ ȸ   

ῶ 3-2ȸ Ѝ иέ Ὠ 

ᴯ  Ӑӂᶁ  Ӑ  иᵉ  

1 (315°, 82°) 0.792. 0.842 ms = -0.759, ss =1.224 

2 ( 34°, 85°) 0.694 0.538 ms = -0.658, ss =0.861 

3 (284°, 19°) 0.567 0.663 ms = -1.285, ss =1.030 

 

ῶ 3-3ȸϮ DFN Ἤ П Ϥ  

 1 2 3
 

ᴯ  (315ï, 82ï) ( 34ï, 85ï) (284ï, 19ï) 

 (#/m
3
) 0.032082 0.040726 0.011002 

ҙ + 
mD = -0.2945 

sD = 0.5027 

mD = -0.2357 

sD = 0.3039 

mD = -0.5558 

sD = 0.4041 
+ ҙ иӁ Ɫה иӁ  
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(2) ἤ ϩ ȸ  

Ӑ ᵓӣֵד101~99 ◕⅔   (  3-17)Ȳὑ

ד еṭᾼ 4 ȳ 5 ц 6 эвȲ֝ ⅔ ֢

эМ ⇔⅔ ◕в ỵ (֢Уϯ⅔ ◕ ֽἬῶ  3-4

ӱ )ᾼ֮ϯѬ ϩ оȲ έשׁױ ἤ֮ϯѬП ϩ  о

ȴӐד⇔ᶙכУϯ ЏᵂȲᵛ ϩ Ȳӭ›

ЏᵂכὨ ֽϯȸ  

(a) 4 э ϩ ȸ  

Ӑ ᵂ …ᴞ ד2011 03ѣ 22ѡ ᴟ ד2012 03ѣ 29ѡМ

р12 Ѧȴ  3-18Ɫ4 э֢⅔ ◕ ϩ ц ​

П о Ὠȴ Ὠ ӱȲ֢⅔ ◕ ϩ Ӽᶁצϱϯ

ᾼ ᶮȲ ֥ Л ☼ ἤȲᵀ ЊȲ ӱ֢

֮ϯѬ☼ ѩ 6 эв☼ Њȴ  

(b) 5 э ϩ ȸ  

Ӑ ᵂ …ᴞ201101דѣ13ѡϯр 6 ᴟ201105דѣ05ѡ

Мр12 Ѧȴ  3-19Ɫ5 э֢⅔ ◕ ϩ ц

​ П о Ὠȴ 2⅔ ◕ ( эв200-300 m) ϩѬ

П Ὠ ӱȲὑ 3ѣ14ѡד2011 Ӧ93.10 m═ ϯ Ȳ

ᵅ 89.6 m (20113דѣ22ѡ )Ȳ Є о פּ⇔ 3.5 mȲҠ

ѡӐὧҖ ₨ҵ ד2011 3ѣ 11ѡϯр 1:46 Ӣ ѫ 9.0 

(Mw=9.0) ֮ צ Ȳṳ ṿױ⅔ ◕ᾼУϯ ϩ Ӣ╝

Ȳ∟ Ḇ ԈȴᴟὑẔ҃⅔ ◕ ϩ ⁄ᶁὑ 2011

03ѣ22ѡד Ἃפּ) 11ѡ )ᵧ Ὃс П о Ȳ о

Њὑ1 mȷ᾿ᴟ201104דѣ10ѡѦȲѡӐ311֮ Ѡ Ȳᵀ

פּ 30ѡҿҢȴᴟ 5ѣῴױУ ᾼ ╝

Ȳ Ḇ ∟ᴞ201112דѣ20ѡᴟ201203דѣ29ѡ Уϯ

֮ϯѬ ϩ (ֽ  3-20)ȴ  

(c) 6 э ϩ ȸ  
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Ӑ ᵂ …ᴞ ד2011 03ѣ 22ѡϯр 6 ᴟ ד2012 03ѣ 29ѡ

Мр12 Ѧȴ  3-21Ɫ6 э֢⅔ ◕ ϩ ц

​ П о Ὠȴ Ὠ ӱȲ֢⅔ ◕ ϩ ᶁϱϯ

ч Ὑ Ȳ ֥ Л ☼ ἤȲ פּ 0.1mȲ ӱ֢

֮ϯѬ☼ Єȴ  

 

ᴖṕȲӦӭ› ӱȲ ῧ ỵ П 4 ц 6

э ϩ о ῺȲד 5 эᾼ ἤ ЄȲ

Ҡ и Л֝ỵ צ ȴױҵȲ 5 У֢⅔ ◕֮ϯѬ ϩ

Ὑ ắẞѡӐ 311֮ Ȳᵀ 4 ц 6 УᴿѾ Ὑ ȴױ

Ϛ Џᵂ═ ᴩȲ ∟ Ҡӣὑ ֢ ⇔ ϩП

⇔Ȳѿᵓӑẃ ϚḔ ἤ֮ϯѬ☼ ц☼ׁ֣שᵒȲ

ẁ֮ Ἐ ה ֮ϯѬ ἤП  ȴ  
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ῶ 3-4ȸ ῧ ỵ4ȳ5ȳ6 эֵ⅔ ◕ ἤ 

э

 

э⅔ ◕

(m) 

⅔ ◕ (m)  ѻ *  

4  000~100 33.713~-66.287 101 Ѐ /ӂ  

4  100~200 -66.287~-166.287 15 Ѐ / ᾭ

 

4  200~300 -166.287~-266.287 10 Ѐ /  

4  300~400 -266.287~-366.287 102 Ѐ /  

4  400~560 -366.287~-466.287 471 Ѐ /  

5  000~100 22.173~-77.827 41 Ѐ /

 

5  100~200 -77.827~-177.827 19 Ѐ /

 

5  200~300 -177.827~-277.827 48 Ѐ /

 

5  300~400 -277.827~-377.827 12  

5  400~500 -377.827~-477.827 25  

6  000~100 32.722~-67.278 41 Ѐ /

 

6  100~200 -67.278~-167.278 126 Ѐ /

 

6  200~300 -167.278~-267.278 84 Ѐ /

 

6  300~400 -267.278~-367.278 117 Ѐ /

 

6  400~500 -367.278~-467.278 124 Ѐ /

 

* ד ПѬѝ֮ ἤȸ( ) ЀἨ(ҙ )⅔ /(ῶ )ӂ Ἠ

/( ᶮ ) ᾭиᶣἨ ӑ  
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 3-17ȸֵ ◕⅔   ѻ аԈӱ  

ȸҿϱ Ɫ4 ⅔ ȷҢϱ Ɫ⅔ ȷҿϯ ⱢINW/PS9805

ϩ ȷҢϯ ⱢINW/PS9805Ṇԝ ϩ П ȴ 
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 3-18ȸ ῧ ỵ4 эв4 ◕⅔ ϩ  Ὠכ

ȸ ѡ ᴞ201103דѣ22ѡᴟ201203דѣ29ѡѦȴ 
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 3-19ȸ ῧ ỵ5 эв4 ◕⅔ ϩ  Ὠכ

ȸᴞ201101דѣ13ѡᴟ201105דѣ05ѡѦȷ ᴥϮṔᶮ҅ῶѡӐ311֮ ѡ ȴ 
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 3-20ȸ ῧ ỵ5 эв ϩ ∟4 ◕⅔ ϩ  Ὠכ

ȸᴞ201112דѣ20ѡᴟ201203דѣ29ѡѦȴ 
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 3-21ȸ ῧ ỵ6 эв4 ◕⅔ ϩ  Ὠכ

ȸ ѡ ᴞ201103דѣ22ѡᴟ201203דѣ29ѡѦȴ 
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3.1.3. ү ὧ ῧ ỵ   ứἤП иέׁשṅ 

Ӑד⇔ Ὼ ֮ ȲцGPS ứ

П∂ ПиέȲẃ ṳ ᴷӐ ῧ ỵ П  ứ

ἤȴד Џᵂ ᴩכὨ ֽϯȸ  

(1) ֮ ∂  

Ӑד101~99 3 Ệứ֮ Ȳ ᴩ ⇔ ứᴯȳ

ᾌ ⇔ц ᾌ иέȴṳ в Ȳ Ӑ

ὧ ῧ ỵ  Ὼ Ȳ ᴩ֮ ♄ ἤиέȲҔ╗ ֮

иӁц♄ ₤ П …Ȳ ẁ  ứἤ ᴷП

ӣȴ  

Ӑ ῧ ỵỵ ֯ ҟᾼ ϱȲϚ ⱢҠ ֮ ׄ

(Shyu et al., 2005)ȲẔӴ ֯ὑẔ ὰ ӻꜜПѻ ϩ

Ȳ֝ ֮ױ ὑҡᴔԒ Ϯּנ Ɫ Пỵ ȲӦỵἤᾼ

иӁц֮ Ӣᾼ ҶῈ иӁ (  3-22)Ȳ ӱẔ ֥ ҟ

ὰױ֯ ӻꜜ Ἤ ᴩׁשṅП ȴ Ӧὑ֮ Ԉᾼ ạȲ

Ϛ Ҡ МҶЍ ὧ ȲҔ╗Ӑ ῧ ỵ МἬ Ӣ

ᾼ ֮ ἕ Ȳᴖ‍ ֮ ᴩⱢȴⱢ Ӑ П֮

ἤȲӐד⇔ѿ ⇔₤֮ цҒ ⇔֮ Ȳ֝

Ὼ֮ ᵾ֮ Ȳ ᴩỵ ᾼ ȲҠѿ в

ỵ П і П ֮ נּ Ȳѿ ц ᴷӐ

ὧ ῧ ỵ П ứἤȴ  

Ɫ Ӑ ῧ ỵ П ứἤц֮ ᴩⱢȲӐד⇔ ѿ֮

ᵾП ứ∂ ᴯ ⱢМїȲ∂ 3 Ệứц 4 ֮

Ȳṳ ֥ в ꜜ 4 Ἤ ᾼҵכ ȲԚ֝

Ϛ Ɫ 11 ֮ ᾼῺ ֮ (Near-f ield Earthquake)

Ȳ Ҡ вỵ П і П ֮ ц

֮ נּ ȴᴖ П Ҡѿ ᶙ П֮ ᾌᶮ Ȳ

ѿ ẁ∟ ֮ ứᴯц ᴩⱢПиέȴ  
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֮ Пן … ӣ ѠהȲѿᵓ ♄ ȲẔ

Ὠѩ ҟ П ה ѠהḆ ן ᶙ ֮ ȴ

ӐϱȲ ֮ ȲἬ֮צ Ҕ╗ ֮֮ ȳ ֮

ц ♄ ᶁ ᶙ ȴᴖⱢ έ⇔П֮ Ȳ

ᶁѿḕּנּה 100 ПѠה ȴҫҵȲ֯׀ Ѡ ȲⱢ

֥Ӑ ṅשׁ вП ӭᾼȲӭ› ὑ֮ П

ậȲ…ѿ╚ Pᾌ Sᾌ Њὑ П֮ה10ּ ṶԈⱢѻȲ

ԛѿ֮ иέ (Seismic Analysis CodeȲ SAC)Ȳ Ἤ

ậП֮ ᴩиέ ȲׁשᵒPᾌцSᾌẞ цẔ

ȳ  ⇔ȳῴ Ѡ֣ ứᴯד (  3-23)ȴ ∟

ԛѿḈц ѫ (Lee and Lahr, 1972)П ה (HYPO 71)Ȳ ᴩ֮

ứᴯ Ȳѿ ֮ ᾼ Ӣ ȳ Ҷᴯ ȳ ⇔

ȴ  

֮ П∂ ЏᵂБὑӐ2-6⇔דѣᶙכȲ7-8ѣ⁄ Ở ᴩ֮

ц Ȳ 9ѣ ⁄ Ởѿ 11 ᴩ ȴ  

3-24 ӱ ֮ Ṇ Ḃ ц ∟Ȳ֮ נּ

ᾓБ ֣ὑᶙ ứȲѹҠצ ֝ ẞ Њ֮

ц ȴױҵȲӦ ᾼ֮ ֮ ứᴯиέ Ὠ

(  3-25) ӱȲױ П֮ ЮὑML1.2-2.75П Ȳ Юפּ⇔

ὑ 2-19 km Ȳѻ иӁὑῧ ỵ ὧ ꜜȲѹẓ

ἤȴᴖ֮ױ ᵂ ═ ᴩȲѿ Ṝ ᾼ֮ ṳ

ҒѿиέȲᵂⱢ∟ ᴩ֮ ֚ ⇔ ᴷцỵ ứἤד שׁ

ṅП ᴕṼ ȴ  
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֮
( ᴞ֮
Ἤϡ

ϫХ
иПϚ
֮ )

km

km km

km

km

km

ᾼỵ

 

 3-22ȸӐ ῧ ỵ П֮ ⇔иӁ  

ȸ ᶝ(1970-2002ד) ᵉ֮ ⇔ ȲẔМ ӱּמ Ɫ Є

ὑ7П֮ ȴҿϱ ᴥ П Ȳ҅ῶỵ ꜜ ȲẔМ Ὼּמᴥ  Ὼ

Ɫῧ ỵ Ἤ֯ȴҢϯ Ɫ֮ ἬϡϫХ иПϚ֮ ȴ 

 

 

 
 3-23ȸ֮ ẔP-ếS-ᾌẞ иέ 
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 3-24ȸӐ ῧ ỵ ֮ ן П ц  

2011/07/11П (AȳBȳC)ц (D) 
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 3-25ȸӐ ῧ ỵ ֮ П ứᴯכὨ 

иέἬ П ӦML1.2-2.75П ȷиӁ ᾓֵ Ӣὑῧ ỵ

ὧ ꜜȴ 
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 3-25( )ȸӐ ῧ ỵ ֮ П ứᴯכὨ 

Ӧ ⇔ Ҡѿ ֮ ֵ Ӣὑ20kmᴟ ֮ῶȲ֮ ֵ Ӣὑếӂỵ ὧ

Ȳצ ȲױҠ ỵ ϩדצ …ȴ 
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(2) GPS∂  

ԓ ứᴯṆ (Global Posit ioning System, GPS) Ҡצ ֮

ῶϮ оȴGPS֯ ⇔ϱ ᵅὑѬ Ȳᵀ ֯ Ὲ

⇔ṏֻᾼ ֮   ȲЬҠ ẞ 1-2cmᾼ ⇔ȴ

צ ὑ вӭ› Ӑ ὧ ῧ ỵ ᾼᴯ ѽȲ

Ӑד101~99 ֯ ֮ ∂ ῧ ỵ GPS

GPSứ Ȳẃ ῧ ỵ Ὼ ᾼ ȷ

GPS  Ȳậ ỵ ὋсἨḛ Пᴯ о Ȳᵂ

Ɫ ἤ֮ ứиέ ᴕᴸ ṿӣȴ  

Ӑד⇔Ԛ∂ ϠϮ GPS ( HGC1Ȳᴯὑ Ὼ֮

ᵾ ῺȲHGC2ếHGC3ᴯ ὑ ⁮ỳῧ ỵ Ẓ ) г

GPSứ (ẔМϮ ⱢGPS ṿӣ )Ȳṳ

כ Ἤ ᾼϮṔ ᶮиӁȴҫҵȲ֯ ᵂ Ѡ ȲGPS

ᵂ …ѿ Пה30ּ ẃ ᴩ ȷᴖGPSứ

П ᵂ ⁄ѿҙדⱢ Ȳṳ в╜ ╦ ạ

ᾼᵂ (в╜ Ȳ 1994)Ȳ ⇔П   ֯

5.0mm+1.0ppmвȴⱢ с ⇔ȲGPS Ғᴟ 8

Њ (Єὑв╜ П 4Њ )Ȳ 3ѡ װ) )Ȳѿ ᴯ

оᾼ ȴ  

ד100 8ѣῴGPS Ở ן Ȳ ₇ иέ

Ὠ Ȳ ₇ MP1 MP2╓ ᾼכὨꞋ֯ 0.2-0.5mП

(  3-26ᴟ  3-28)Ȳ ṓ GPS ₇

ứȴӭ›ѿ Ϛפּ ѣᾼ Bernese 5.0 ПϮ

ᶄ Ὠכ (  3-29ᴟ  3-31) ӱȲϮ GPS Ꞌ

ὑ ứᾭ ȲѬӂᶄ (NȳE)ᾼ ֯פּ 0.2ᴟ 0.5cmȲ₣

᾿ᶄ (h)ᾼ ֯פּ 1-2cmП ȴ ὑׁשᵒ ᾼỵ ╥ᵡצ

ѬӂἨ₣᾿ᴯ Ȳ∟ GPS ד ѿᴷ Ȳ

ẓ҅ῶἤȴ  
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feaO>knOḕѡ

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

11/08/07 11/08/14 11/08/21 11/08/28 11/09/04 11/09/11 11/09/18

ѡ FדMѣMѡG

M

P

1

(

е

ѐ

)

HGC1 MP2̓́ ᶒ

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

11/08/07 11/08/14 11/08/21 11/08/28 11/09/04 11/09/11 11/09/18

ѡ FדMѣMѡG

M

P

2

(

е

ѐ

)

HGC1 MP2

 

 3-26ȸGPS HGC1 ₇ MP1 MP2╓ иέ  

 

feaP>knOḕѡ

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

11/08/07 11/08/14 11/08/21 11/08/28 11/09/04 11/09/11 11/09/18

ѡ FדMѣMѡG

M

P

1

(

е

ѐ

)

HGC2 MP1

HGC2 MP2̓́ ᶒ

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

11/08/07 11/08/14 11/08/21 11/08/28 11/09/04 11/09/11 11/09/18

ѡ FדMѣMѡG

M

P

2

(

е

ѐ

)

 

 3-27ȸGPS HGC2 ₇ MP1 MP2╓ иέ  
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feaQ>knOḕѡ

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

11/08/07 11/08/14 11/08/21 11/08/28 11/09/04 11/09/11 11/09/18

ѡ (ѣ/ѡ/ד)

M

P

1

(

е

ѐ

)

HGC3 MP1

feaQ>knPḕѡ

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

11/08/07 11/08/14 11/08/21 11/08/28 11/09/04 11/09/11 11/09/18

ѡ FדMѣMѡG

M

P

2

(

е

ѐ

)

HGC3 MP2

 

 3-28ȸGPS HGC3 ₇ MP1 MP2╓ иέ  

 

320325.10

320325.15

320325.20

320325.25

320325.30

11/08/05 11/08/10 11/08/15 11/08/20 11/08/25 11/08/30 11/09/04 11/09/09

ѡ /ѣ/ד) ѡ)

ᶄ
(m

)
ᶄ

(m
)

2692081.40

2692081.45

2692081.50

2692081.55

2692081.60

11/08/05 11/08/10 11/08/15 11/08/20 11/08/25 11/08/30 11/09/04 11/09/09

ѡ /ѣ/ד) ѡ)

(m
)

128.45

128.50

128.55

128.60

128.65

11/08/05 11/08/10 11/08/15 11/08/20 11/08/25 11/08/30 11/09/04 11/09/09

ѡ /ѣ/ד) ѡ)  

 3-29ȸGPS HGC1ᶄ о  
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2684590.50

2684590.55

2684590.60

2684590.65

2684590.70

11/08/05 11/08/10 11/08/15 11/08/20 11/08/25 11/08/30 11/09/04 11/09/09

ѡ /ד) ѣ/ѡ)

ᶄ
(m

)

47.80

47.85

47.90

47.95

48.00

11/08/05 11/08/10 11/08/15 11/08/20 11/08/25 11/08/30 11/09/04 11/09/09

ѡ /ד) ѣ/ѡ)

(m
)

325307.20

325307.25

325307.30

325307.35

325307.40

11/08/05 11/08/10 11/08/15 11/08/20 11/08/25 11/08/30 11/09/04 11/09/09

ѡ /ד) ѣ/ѡ)

ᶄ
(m

)

 
 3-30ȸGPS HGC2ᶄ о  

 

2682282.15

2682282.20

2682282.25

2682282.30

2011/08/05 2011/08/10 2011/08/15 2011/08/20 2011/08/25 2011/08/30 2011/09/04 2011/09/09

ѡ /ד) ѣ/ѡ)

Ḻ / ṇ Ẻ

Ḻ / ṇ Ẻ

Ḻ / ṇ Ẻ

Ḻ / ṇ Ẻ

2011/08/05 2011/08/10 2011/08/15 2011/08/20 2011/08/25 2011/08/30 2011/09/04 2011/09/09

ѡ /ד) ѣ/ѡ)

63.40

63.45

63.50

63.55

63.60

11/08/05 11/08/10 11/08/15 11/08/20 11/08/25 11/08/30 11/09/04 11/09/09

ѡ /ד) ѣ/ѡ)

ᶄ
(m

)
(m

)
ᶄ

(m
)

 
 3-31ȸGPS HGC3ᶄ о  
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3.2. ᶾ ᾼׁשṅ  

3.2.1. ỵ  

ὑỵ Пᶾ Ȳ ҟӐ Бᵓӣ ӂ ᾎ

ѿц ᾎиᵑ ῧ ỵПỵї ỵ ᴩ …

Ȳṳѿ П … Ɫ Ȳ ᴩЊѩẂỵ

Ȳ∂Ӵד П ϩȴ ᴖ֯ ᴩ Џ

ᵂ Ȳ Ḋ ὑ  Ҕ⅔ ᾼᾬ (Ẃֽȸ ȳϩ

ứ )ȳо (Ẃֽȸ ἤ )ἤ צ Ṝ ᾼ Ȳ֪ױ ὑ

Ḋ Пἤ צ ϚḔ ᴷПӇ ȴצ ὑױȲӐד⇔ ѿЊѩẂ

ῧ ỵⱢ ӕỵȲ ЁⱢ Ḋ Ȳ ᴩ П ᵂ

П▐ Ȳѿẁϯד⇔ ᴩ Ё ӕỵ ֥П ֥Ḋ

(  3-32)Ȳ ѿ Ṇ ֯ắ ᵂӣϯᾼ ⇔ о

ᶮȴѿϯ Ӑד⇔ỵ ӭПЏᵂ ᴩכὨ ֽϯȸ  

(1) Ḋ ᵂȸ  

Ӑ ἬṿӣП Ḋ ⱢMX-80 Ёȴ П Ё Ởᾭ

Ɫ ( פּ⇔ 2.7 g/cm3Ȳ ᵶѬ פּ 12%)Ȳ

כ ∟ѠҠ Ϥỵ П эȲ ᶙכ∟П ₇כ

ֽ  3-33Ἤӱȴ Ɫ ᾭȲ᾿ 70 mmȲ ⇔ 30 mmȲṼ

ȲԚ 6 ȲẔМ 5 Мї┤эȲэᾼ᾿ 12 

mmȲѿᵓ זּ Ȳ 6 ⁄ ὑ ϯѠȲ

ֽ  3-32ἬӱȴױҵȲ ᴕ ẕSR-97ȳѡӐH3ѿц Ђ FEBEX

ד ṿӣ ЁᵂⱢ Ḋ ᾼׁשṅ ӱȲẔ Ḋ

⇔ (Dry Density)ּפЮὑ1.59ẞ1.8 g/cm3 ȴᴖⱢṿ Ё

ἤ Ϛ ȲӐ П Ё … ᾭ

Ё ὑ  ẓМȲԛᵓӣ ϩ ╟ѿ 5 ֣ ẃ ᵂȲ

Ἤ Пכ ⇔Ɫ 1.6 g/cm3ȴ  

(2) ỵ ᵂȸ  

Ӑ ἬṿӣПỵ Ɫ ȳ ȳ ֢Ɫ 50x50x25 cmП

ῧ ỵ ȲṳṼ П ḖȲ ᴩד ᾼỵ эᵂ

(  3-34)ȴỵ Мї ᾿צ 70 mmП эȲѿ Ὅ Ё
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ế Ȳ Ɫ ẁṆ Ȳѿ ᾬ ҏП

ȴҫҵȲ⁄╥ иᵑ Ϯצ э (ḕ 4эȲэ

ếэ иᵑⱢ 3 mmế 10 cm)Ȳѿ Ὅ ȷẔМȲ Ϛ

э Мї 5 cmȲ ϡ э 10 cmȲ Ϯ э⁄Ɫ

20 cmȴ  

(3) ȸ  

֯ᶙכϱ ᾼ ᵂ эᵂ ∟Ȳ ϯẃᾼЏᵂ⁄╥

ᴩ ֥Ḋ ᾼ ᾼ ȴ Ё Ԛ 6

ȲṼ ᶧ Ϥῧ ỵ ПМї эвȲḕ ϤϚ

Ȳᵛ Ϥṷ Ё Ȳѿ ҉ П ц ỵ П

ᾼῈ Ȳṳ Ϥ ПМҶэ♂вȲ ∟Ἦҏ

ȴ ӐṝᵶϚ Ȳ֪ױП∟ Ҡѿ ῀

⇔ оȴױҵȲᴕ ЁᵮѬ∟ ӢП֫ ϩȲ Ϥ

∟Ϛ Ё ∟ȲẔϱѿ᾿ Ё ᴿПῧד

ỵ Ȳṳ ϚỆứ▐ѿ ∟Ȳᵛᶙכ Ё

ϤЏᵂȴᴟὑ ᾼ Ȳ⁄╥Ԓὑ эв ᾃ ᾇȲԛ

ỵ МїӦвᴖҵṼᶧ ϤȲṳἮҏ ȴ  3-35Ɫ

П ᶙכ ȴᴟὑױ ֥Ḋ П Ȳ

⁄ ὑϯד⇔М ᴩȴ  
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 3-32ȸỵ - Ḋ ӱ  

 

 

 

 3-33ȸ Ḋ ₤  ₇כ
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 3-34ȸỵ э  

 

 

 

 3-35ȸỵ ᶙכ  
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3.2.2. ֮о Ԉᾬ ứἤׁשṅ 

֯ӣ І ֮ Ṇ МȲ֮ϯѬ╥ ҵ ȳ

ѻ ᾼ Юȴ ֮֯ϯѬМᾼ ᴩⱢȲЛ ậḟὑ֮ϯѬ

ᾼ☼ ᾭ ȲϷ ắ֮ϯѬо ἤᾼ ế ạȴẔМȲ о

ᴯ (Eh)ȳ (pH) ѻ І ⇔ Ѭ ԈȲⱢ

ᾼо ч ứἤȴӦὑӐ ᴟ ȲБậד2008 ῧ ỵ

ᶙ ᾼ ֮ϯѬѬ Ȳ╝Ӑד⇔ ᵓӣ ҟἬ

∂Ӵᾼ ứד ᶾ Ȳ UȳCuếFeа ױ֯ ֮ϯ

ѬПѬ ԈϯᾼEh(pe)-pH ứד Ȳ ѿ ϱ а П ứἤ

ц ứ₤ ȴ  

Eh(pe)-pH ứד ϭ ⱢPourbaixד (Pourbaix, 1974)Ȳ…ѿ

ϩ Ɫ Ȳӣѿ М█ ứа (Ԛ֝ І )֯Л֝ᾼ

Ehȳ pH Ԉϯᾼ ứἤц ứ₤ ȴ ᴖȲ ϠԚ֝ ІӐṝᾼ

⇔ҵȲ МἬᵶ Іᾼ ⇔ȳṆ ⇔ ϩȲӼ ד

Мᾼᾬ иӁ ᶮȴCu( )ếFe( )Ɫɦӣ І ɧҔ⅔ ᾼ

ѻ Ḋ ȷᴖU( )⁄╥ӣ І ᾼѻ ⇔דȲӐױиȴ֪כ

ѿ ҟὑ ῧ ỵ Ἤ ᾼ ֮ϯѬ ( ⇔Юὑ 300-500 m)

ПѬ ԈⱢ Ȳẃ∂ӴCuȳ FeȳU֯ױѬ Ԉϯᾼ Eh(pe)-pH

ứד Ȳ ᵂⱢױ ᴷ П֮ о ֥ ἤᾼ ᴕṼ

ȴ  

Ӑׁשṅ ד ἬṿӣᾼЏẓⱢGWB (GeochemistΩs Workbench 

Version 8.0)֮ о ȷṿӣᾼ ϩ Ɫ Ἤв∂П

thermo.com.V8.R6+.datȲẔв ӭ› EQ3/6֮ о (Version 

8.0)МἬṿӣᾼ ϩ (data0.cmp)֝דȴ ᾼѻ ԈⱢ

Cuȳ FeếUᾼ І ♄ἤ ὑ 1.0E-06 Mȷ pH( )ᾼ Ɫ 0-14Ȳ

pe( )ᾼ ⁄Юὑ -16.9-+16.9ȴ МẒӂᴩ вἬ ᾼ

Ȳ⁄╥҅ῶ֯1atm ϩ ԈϯѬᾼ ứ ȴ  

֯ ᴕѬ ԌȲӐׁשṅ Ϡѿ ῧ ỵ ⇔300-500 mӂ

ᶁ֮ϯѬѬ ( Kmi)Мᾼ ṓ І (CȳClȳSȳ FȳSiȳNȳP)П



   

 3-47 

⇔ȲᵂⱢ ד ᾼѻ ᴕѬ ԈҵȲϷ ҫѿ ѬѬ

цԓ ӂᶁ ѬѬ ( Sea)Ɫװ ᾼ ᴕѬ ԈȲ ѿ Л

֝ᾼ І ⇔ Ԉ CuȳFeếUᾬ ứἤᾼ ȴ  

ᴟὑ ד Ἤ ᴕ ПṆ ⇔ ԈȲ⁄ ѿ 25˘ế 80˘Ɫ

ѻȴẔМȲ 25˘Ɫ ϩ Пѻ ᴕ ⇔Ȳ╝Ϛ Eh(pe)-pH

ứד ֵ ∂Ӵὑױ ⇔ Ԉȷᴖ 80˘⁄╥ ᴕ ẕKBS-3 Ἐ

МȲ ὑ ᾬ ҵ ⇔ᾼ ạ Ԉ (SKBF/KBSȲ1983)Ȳ ױ

П֮ϯѬ֪ ∟Ȳ ד ᾬ ứἤᾼ

⇔ȴҫҵȲד М ӱ pH=4П Ȳ…ᵧ ῧ ỵ Ὼדẃ

ᾼ​Ѭӂᶁ pH (МҶ ᶝȲ 2011)ȷᴖ ӱ pH=13П Ȳ⁄╥

╟ ᵶצ Ё ᾬ Ȳ Ё֕оѻ ҏⱢ (Ca)

ІȲṳ ЁӐṝцῺ ӢϚứ ⇔П ȲẔМ֕оᴴӢ

Іᾼ ҏ (ֽNaOHἨKOH)Ȳ Ҡ ‚ṿ ֮ϯѬП pH ϱс

ᴟױϚ  (SKB, 2002ȷ2009ȷ2010)ȴ  

ѿϯȲ Ӑד⇔ПЏᵂ ᴩכὨ ֽϯȸ  

(1) Іᾼ Eh(pe)-pH ứד Ὠ (  3-36) ӱȲ֯

pH=4-13ѹѬᵧ ứᾼ ԈϯȲCu(Copper )ẓצẔ ứ ȴ ṕ

ПȲ֯ ứ вȲCu(Copper ) Ҡ’═Ẕо ứἤȲᴖכⱢ

ϚṏֻᾼҔ⅔Ḋ ȴҫҵȲѬМ Іц І ⇔ᾼ ᵅȲ⁄

╥ Cu(Copper ) ứ ЄЊᾼ ѻ ֪ ȴ  

(2) Іᾼ Eh(pe)-pH ứד Ὠ (  3-37) ӱȲ֯

pH=4-13ѹѬᵧ ứᾼ ԈϯȲFe( I ron )ṳ Ẕ ứ ȴ ṕПȲ

Fe( I ron )֯ѬМ ═ ᾼ ᴩ о ( )ᴟẔ҃ᾼ ứᾬ (ֽ

Fe+2)ȴ֪ױȲ ӣ Ҕ ᾼо ứἤᴖṕȲ Fe( I ron)

ṳ‍╥Ϛ ᾼḊ ȴ ᴖFe( I ron ) ╥Ϛד ᾼ Ȳ

ӦẔӐṝᾼ оᵂӣȲҠ ֮ϯѬМᾼ о ṳ ᵅ֮ϯѬᾼ

о ᴯȲ ᴖ ҒẔ҃  (ֽ )ᾼо ứἤȴ  

(3) Іᾼ Eh(pe)-pH ứד Ὠ (  3-38) ӱȲ֯

pH=4-13ѹѬᵧ ứᾼ ԈϯȲUO2(Uran in i te)ẓצẔ ứ ȴ

ṕПȲ ӣ І П Іᾼ Ở₤ ⱢUO2(Uran in i te ) Ȳ⁄
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Ẕ֯ ứ в Ҡ’═ẔỆדПо ứἤȲЛὔᶮכ І

ᴖ ֮ϯѬ ȴ  
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( ѬѬ )

( ѬѬ )

( ῧ ỵ300-500mӂᶁѬ ) ( ѬѬ )

( ѬѬ )( ῧ ỵ300-500mӂᶁѬ )

 
 3-36ȸ ІᾼEh(pe)-pH ứד Ὠ 
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( ѬѬ ) ( ῧ ỵ300-500mӂᶁѬ ) ( ѬѬ )

( ѬѬ ) ( ѬѬ )( ῧ ỵ300-500mӂᶁѬ )

 
 3-37ȸ ІᾼEh(pe)-pH ứד Ὠ 
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4

( ѬѬ ) ( ῧ ỵ300-500mӂᶁѬ ) ( ѬѬ )

( ѬѬ ) ( ѬѬ )( ῧ ỵ300-500mӂᶁѬ )

 
 3-38ȸ ІᾼEh(pe)-pH ứד Ὠ 
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3.2.3. ֮ ᵾ ἤ ▲ᶾ  

֮ ᵾ ᵓӣ צ ∂ Ȳ ᴞ ד2002 ᴩ

∟ᴟЭȲᵾ в ứȲӑ ᵾצ ȴӦὑ ֮ Бצ

ᶙ ᾼ ӐЏ ȲҠẁ∟ ᶾ ᴕȲ֪ױȲӐ

ὑ Ѝв ҫ Ϛ ( פּ⇔ ( 400еѐȲ DᶮȲ ᾿

פּ 6еѐП ӣ ᵾ ( )Ȳ ֮ ᵾ (H-area Tunnel 

Laboratory, HTL)ȲᵂⱢᵾ вѬѝ֮ ȳ э֮ ┤

▲ ӂүȲṳ ᴩ֮ϯỵ Џ ֮ ἤắ֮ ὰ

ȳ֮ ц ᴞ П  ЏᵂȲ ɦ ֯

ӕỵ ἤ ▲ ᴷ ◕ɧ֢ ▲ ᴷᶾ ᾼ ẓ

Ȳצᵗὑᶙ ϯ ◕ ד2028~2018) )Ἤ ▲ ᴷᶾ ȴ֮

ᵾ ЏᵂБᶙכɦ֮ ᵾ ᵫɧȲѹ Бὑ

Ӗ 3ѣ20ѡ֝ד101 ▲ȴ  

 

3.2.4. ⅍ỵ ֫ Ḋ  

ᴩӣ І ᾼׄԓ ᴷȲ ᾼ

֣Ȳ Ẕ ֣Ȳ⁄צ ậ Ҡ ȲᴖҠ

ᾼậ Ȳ⁄ Є ԌṼ ȲҔ╗ Ҡ Ԉᾼ ѿц

ᵿ ứ∟ᾼ ȴ Ӧ֮ ᾼ ▲Ȳ ẁ

ᾼ ԈȲѿ ֥ ṳᵓὑ∟ ᾼ ᴩȴᴖ Ӕ ᴷ

ᾼ ׄԓȲϷ ѿ Ἤ ᾼ֢ ȲᵂⱢ ᴷ

ᾼה Ϥ ȴⱢױȲӐד⇔ ᵓӣ ҟ ὑ ῧ ỵἬ

ậ ПỵїⱢḊ Ȳ ᴩ ᵮ  ἤ Ȳṳ њ∂Ӵ

Пד ᶾ ȴד ЏᵂכὨ ֽϯȸ  

(1) ᵮ  ἤ ȸ  

ᵮ  ϩ ѻ ῧ ỵӕỵȲ֯ ῧ ỵ ֮

ϯѬ ϯȲ Cs SeẒ ֻ֯ Ԉϯᾼᵮ ᴩ

ⱢȴᴖCs SeẒ ᾼ Ở ⇔Ɫ 10E-3M 10E-8Mȴ 10E-3Mᾼ

Ở ⇔ᾼѻ ӭᾼ֯ὑ∂ӴϚ ⇔ Єὑᵮ Ệ ῶ
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ᵮ ᴯ ⇔Ȳ֯ױᾭᾓϯȲỆ ῶ ᵮ ᴯ ᾼ ἤ

(Heterogeneity)ד ПϯṳЛὙ Ȳ֪ױҠ Ệ ῶ ╥ᶁϚ

ἤ (Homogeneity)Ȳѿ― Ệ Ḋ ὑ ᵮ  ȴױҵȲ

ṿӣ ᾼ Ở ⇔ҠѿעҟṿӣὍ ἤӱ Ȳ ϠᵍҟὍ

ἤ ᾬ ᾼ ҵȲϷ―ὑѡ∟ ֮ ⅍ᾼ

ᴩȷד ᾼȲ 10E-8Mᾼ Ở ⇔ѻ ӭᾼ֯ὑ ҵ

ᾭᾓȴ  

Ӧ  3-39ᴟ  3-44М ϩᵮ  Ὠ ӱȲ ῧ ỵ Cs Se

ᾼᵮ  −ЊȲѹᵮ ᴩⱢЛắẞ ⇔ ֻ

ᾼ ȴ  

 (2) ⅍в ד ᶾ П∂Ӵȸ  

(a) ӕỵ ѱП ȸ  

ѿ ІⱢẂȲϚ І֯э Мᾼ … Єֵ ֯

10E-9 m2/sП Ȳԛ Ẕ ϤѠ ה x2=2DtМ (ẔМ xⱢ

ȲDⱢ … Ȳ t )ȲҠѿ ᴷ І֯э

М 1 mmᴟю ϥи ȴ ỵӰ ₇ᾼэ

ᵅȲἬ ᾼ Ḇϵȴ ὑױȲѝ ϱ ֵᾼ

ᴩѠᾎ╥ᵓӣ ₇ ᴩ Ȳ ₇

Ἤ ᾼכ э ҅ῶ ₇ᾼэ Ȳ֪ױ

₇ Ɫ ᾼҒ Ȳ Ḗậױ ᾼ … ȴ

₇ ᾼֻ ╥Є Ἤ ᾼ

ȷד ᾼȲ ₇ ᾼ Є ֯ὑἬậ

₇ᾼ҅ῶἤȴ֪ױȲӐ ᾼ ֯ὑ∂Ӵ ѱ

Ѡᾎȴ  

ӦὑỵӰ ѱᾼ⁴⇔ ⁴ȲἬ ᾼ ֵȲᵀ

ᾼỵӰ ѱҠ כ ҵᾼэ Ȳ֪ױӐ ῴḔ ӣᾼ

ỵӰ ѱ⁴⇔Ԛצ 2 mmȳ 3 mmȳ 5 mm Ϯ Ȳ ẃ

ᴞ Ϯ Л֝⁴⇔ᾼ … ῺȲד− Ἤ ẞᾼ

… ד ꜙ ȲϷҠѿᵓӣỵӰ ѱ⁴⇔ … ᵂ

Ȳᵓӣ ᾼ Ȳ ҏ֥ ᾼ ѱ⁴⇔ȴ
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ⱢϠ ẁЊ ѱ ҵᾼ ќ ϩȲ ᵍ ѱἹԏ

М ҵᾼϢЏэ Ȳ ỵӰЊ ₇ Ϥ ẓ

МȲᵓӣ ҒѿỆоȲԛ ᴩ∟ ᾼ ѱᵂ ȴ  

ᶙכỵӰ ѱ∟Ȳ Ԓ ᴩѬ ếȲ ѱэ в҉

֮ϯѬȲѿ Ṝэ вᾼо ҫϚ ᾼẃ ֝ד

ᾼ Ȳ֯ױ ԈϯȲ ᴩⱢᾼ ϩҬצẃᴞ

ὑ ⇔ᾼ ⇔ȴⱢϠҒ Ѭ ế Ȳ֯ᴨ ϱ

ϱẒ ЀȲᵂⱢ֮ϯѬ ҏᾼẒ Ѐȴױ ᾼѻ

ӭᾼ֯ὑ ѡ∟Є ᾼ ȴ ẃ ϱϚЄ

Ѭ Ȳᵓӣ Ȳ Ệứẃױ ᾼ ⇔

(ӼỆứ έ ᾼ ꜜ Ԉᾭᾓ )ȴ֯ậ ԌȲ ϱ

ᾼᴨ֝ד Ȳṳᵓӣ Ὲ ᵅậ ᾼ ϩȲ

ỵӰ ѱẒ ᾼ ϩ Ȳ ֮ϯѬ☼ ỵӰ ѱȲ

ѿ ẞѬ ếᾼӭᾼȴ  3-45ц  3-46Ɫױ

Пҵ Ȳ∟ Ở ᴩӕỵ ѱ ȴ  

(b) ῧ ỵᶙ ỵ П ᵂ ȸ  

ѻ ֯ὑ ᾼ (Active Transport)ᾼᴩ

Ɫȴѡ∟ᾼ ῧ ỵПᶙ ỵ ᴩ

ІП Ȳ֪ױ ֥Ӑ ◕ᾼѝ Ȳэ

ᾼḟứ ᾼиέ ╥ ᾼ ȴӭ›ᾼ

⇔╥Ԓ Єỵ Ẓᴍֵеџפּ) )й כ Њ (25cm x 25cm x 

25cm)ᾼӴѠ Ȳ ∂Ӵ Њ ᾼᶙ ỵ ȴ  

Ӧὑ ѻ ╥ ỵӰвᾼэ Ȳ ᾼ ỵ

ӰЮ ᾼэ ᾿צ ᾼ …Ȳ֪ױӭ› ѿ

Ѡᾎ (Computer Topography, CT)ậ ỵӰᾼэ ȴCT

ѻ ╥ ᾬ ᵂӣȲϷ ╥ І І

ế ІᾼᵂӣȴỵӰЮ вѻ ╥῁ о֥ᾬȲᴖэ

вѻ ᾼᾬ ⱢῈ Ȳ֪֯ױ CTᾼ ѱϱȲỵӰЮ Ἤ

֯ᾼᴯ ᵧ ᾼ ᴥȲᴖэ Ὲ ᾼ Ԍᵧ זּ

ᾼ ᴥȲ֯ Ȳ ֢ ᴥᾼ иȲ
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ױ ẞỵӰᾼэ э иӁȴ CT ᾛ ӣὑ‍

ἤᾼ ȲẂֽ ӣ ϱᾼ ⇔ Ȳ

ȲӦὑẔ‍ ἤᾼ ᴥȲ Ӧ CTѠᾎậ ỵӰᾼэ

‍ ẓ҅צῶἤȴ  

∟ Ӽ ᴩK ӕỵᶙ ỵ П Ȳ

ᾼиέȴ ғ ׄԓ ᴷᾼ иέ ḖȲ᷄ҏ

Ҡצ ᾼ ȴ Ҡ ֯ ⅍ѐ⇔вȲ∂Ӵẓצ

҅ῶἤᾼ ֮ Ȳԛ ҏ Ҡצ ᾼ ᴩ ȴ

ӦὑῺ Ȳ ᾬМᾼ כ ֫ Ḋ

ӕỵ ₇ᾼᶝ Ḃ Ȳױ ᾼḂ Ḋ

ᾼῶ о Ȳ ᴖ ᾼᵮ ᴩⱢȴ֯Migration 11

МȲ Ђ ᾎ ᾼ ᵫ╓ҏȲ Ẓד ֫

Ḋ ῧ ỵᾼ ȲẔᵮ ᴩⱢṳḥצ ᾼḂ

Ȳ ױֽ ∟ ᶙ ỵ ᾼ ᶁצ

ᴕ ȴ  

ᴖṕȲỵ ᾼ ӭ›ᾼ ᴩ ֯ὑ ᵗỵӰ

ѱᾼ Ȳ∕ỵӰ ѱᾼῴḔ Ὠҏẃ∟Ȳ

֯ẃ ᾼҒ Ṇ Ȳ Ӧ ϩᾼ Ḃ ᾼ ⇔Ȳ

ẞϚ ᴕᾼ ȴ ᵛҠ֯Єỵ ϱ ᴩ Ȳ Ӧ

ѩ ѱἬ ẞᾼ ὨȲИҠѿḆ Ϥ έ Ὠ

ᾼч ạ ѐ⇔ᾼ ȴ  
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 3-45ȸ ѱ ҵ Ѭ ế  

 

 

 3-46ȸ ậ ᾼ ѱ 
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3.2.5. Ὼ ֫ Ḋ ἤПׁשṅ 

Ӑד⇔ѿ ֮ ᾼ Ḋ ἤ Ɫѻ Ȳ

ѿ ֮ П Ẕ Ḋ П Ḋ ἤȲѿ

Ɫᶺ Ḋ П П ᴕȴ  

 

3.2.5.1. Ḋ ἤ 

֢ Ḋ Єֵѿ ЁḊ Ɫѻ Пׁשṅӭ ȲӐ ᵫѿ

Ё (bentonite) Ɫ Ḋ П Ὑֽϯȸ  

 (1) ЁҠᵮןѬѹẓ֫ ἤȸ ЁП֫ ⱢѬԌ

Ё∟Ȳ Іӻ ӢПѬоᵂӣἬ ȲẔכ ֪в

ІѬоі TOTᶈ ᾼ Ȳṿ Ё Ӣ ȴ

֯ ҟׁשṅМ ῀Ȳ П ₤ Ё ∟ẓצ 10

ѿϱП֫ ϩ (Fukue et al., 1995)ȴ П Ҡᵓӣ֫ױ

ἤṿẔ ҉ Ḋ ц ᵾỂ ӕỵП ȴ  

(2) Ёẓצ‍ ᵅᾼ ἤцḀạѬ☼☼ ȸӦ ṅשׁ Ὠ

῀ȲϚ ѿ ₤ Ёẓצ‍ ᵅᾼѬϩ ⇔Ȳ ֮ϯѬ☼

Ӧ ӕỵ ᴟ П Ё Ḋ ȲӦὑ‍ ᵅᾼ

Ѭϩ ⇔ṿ Ѭ☼ѿ Пᶮה Ȳױ ἤ ѿ ⱢἋ

֮ϯѬ᾿ ᾬ П֚כ ȴ  

(3) Ёẓצ Іӻ ϩȸ Ёẓצ 80 ~ 120 meq / 100 g

П Іӻ ϩ (cation exchange capacity, CEC) (Fukue et 

al.,  1995)ȴ֯ᵮ   М ῀ȲCs+ ІҠ ЁМП

Na+ І Ӣӻ ᵂӣ (Shibutani et al., 1992)ȴ  

Ӑ и ᵑ Kunigel V1ȳ Kunipia Fȳ MX-80ȳ Montigelȳ

Avonsealȳ І Ёцᶺ ѡ ЁПḊ ἤȲѿѩ

ҵἬ ᾼ Ё ᶺ ѡ ЁП ἤȲṳ ᶺ ѡ Ё

Ɫ Ḋ П ӣἤȴ  
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3.2.5.2. Ḋ ᾬ  כ

Ӑ Л֝ Ḋ П Ёᾼ ᾬ ῶֽכ  3-5Ἤӱȴ

Ёѻ ԌⱢכ Ӱ (Montmoril lonite)цẔһװ כ ᾬֽӰ

ȳ Ӱ ȲӦῶכ  3-6ѩ ῀Ȳ Kunigel V1цZhisin( ѡ

Ё )ПҵẔ҃ ₤П Ёᾼ Ӱᵶ Ꞌ ὑ 50%ѿϱȲד Ẕ

ἤ ⇔ Ӽ Ȳᴖ ἤ ⇔֯Є֮Џ МҠ Ɫ Ё П

П ȲҠᵓӣױ ῴḔᵒ Ẕ֫ ȴ  

 

3.2.5.3.  Ḋ Ӑᾬ ἤ  

Ӑи иᵑ Л֝ Ёц Ёᾼ Ӑᾬ ἤ Ȳֽῶ  3-6

Ἤӱȴ֢ ₤ ЁПѩ ꞋⱢ 2.6~2.8Ȳ ἤ ⇔ (Liquid Limit,  LL) 

ⱢЁ Ӧ ἤᾭ ᴟ ἤᾭ ПᵶѬ Ȳ ѡ ЁⱢ67%Ȳὑ ἤ

⇔ἤ М ҵȲẔһ ЁꞋЄὑ 90 %Ȳὑ ἤ ⇔ἤ М

ȷ ἤ ⇔ (Plastic Limit, PL)ⱢЁ Ӧҙ ἤᾭ оẞ ἤ

ᾭ ПᵶѬ Ȳ Ё ֥Ѭ∟ ЊЁכ ȲṼ ѿЁ

⇔ứ Ẕ ἤᾭ ПᵶѬ Ȳѿứ Л֝Ё П ἤᴩⱢȲ

ẓ ἤἨ ἤПЁ Ȳ ἤ ⇔ ЄȲῶМMX-80₤ ЁП ἤ

⇔ Ɫ ЄȲῶӱẔ ἤᴩⱢ Ẕ҃Ё ẃ ȷ ἤ╓

(Plasticity Index, PI)Ɫ ἤ ⇔ ἤ ⇔П ȲӣѿῶӱЁ П

ἤ ⇔ȲῶМ֢ ЁП ἤ╓ ꞋЄὑ 35Ȳ ὑ ἤ ⇔П

Ёȷ֯ Іиέ ԌҠכҏKunigel V1ȳKunipa FȳMX-80ȳAvonseal

₤ ЁȲMontigelȳGMZ-16цѡ Ё ₤ Ёȴ  

 

3.2.5.4. ἤ  

М Є в ҡᾼ І Ё ᴩד Ḋ ȲẔМ

ἤ Ȳ ӣDRP-1₤ӂὰ ᾎц Shotherm-D2

ѿ‍ ᾎ ЁП … (ѵἭ Ȳ 2010)ȴẔ

ЁᵶѬ 18~22%֯ Л֝ᾼ ϩ ᾼ ⇔

П …Ȳֽ  3-47ἬӱȲϚ ᴖṕȲ ϩ Ȳ …



   

 3-65 

ЄȲẔМ ᵶѬ 18% Ȳ … ֯ ϩ Ғẞ 120 MPa

Ὑ ЄȷҫҵᵶѬ ᾼ Ȳ … ȴ  

ѡ ЁП ἤ (Thermal Characteristics)ׁשṅѠ Ȳ „ᶳ

(2003)ȳ Є (2004)цשӔׄ (2009) Ϣᵓӣ ᾎ (Heat Probe 

Method)Ȳ ѡ ЁḊ П … Ȳ ẞֽ  3-48Ἤӱ

Пѡ Ё֯Л֝ᾼ ᴯ (Dry Density) ᵶѬ (Water Content)ϯ

ᾼ … (Thermal Conductivity)ȴӦὑ ⇔ ПЁ

ѹэ юȲѡ Ё֯֝ϚᵶѬ Ȳ ⇔ ⁄ …

ȷ֯֝Ϛ ⇔ ԈϯȲᵶѬ … Ӽ ȴ  

ѡӐ ӐЁ ЁḊ Kunigel V1 ᴩד Ḋ ȲẔМ

ἤ ԈⱢ 1.8 Mg/m 3П Ё ц ֥ 30%Ӱ +

⇔Ɫ1.6 Mg/m3П Ё Ȳᵓӣᶶ Ё Ӧԓ

ᴟ ế ⇔П … (Suzuki and Taniguchi, 1999)ȴ  3-49

ⱢKunigel V1֯ Л֝ᵶѬ ϯП … ȲẔ֯Л֝ᾼᵶѬ ц

⇔ ԈϯП ⇔ Ɫפּ 0.45~2.00 W/mKП ȴ  

ẕ ц ᾬ еҨ (Swedish Nuclear Fuel and Waste 

Management Company, SKB)Ӽ MX-80₤ Ё ᴩ …

(Börgesson et al., 1994)ȲẔ … ᾼ ᶾ ⁄╥ ӣ

ᾎȲ ԈⱢ ạ э ѩⱢ 0.8ᾼ ԈϯȲ ᴩЛ֝ ế⇔

ϯП … Ȳ  3-50ⱢMX-80₤ Ё֯Л֝ ế⇔ϯП

… Ȳ֯ ԈϯП … Ɫ 0.6~1.3 W/mKП ȴ  
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ῶ 3-5ȸЛ֝ ЁП ᾬ  (%)כ

 
Kunigel 
V1(1,2) 

Kunipia 
F(1,2) 

MX-80(3) 
Montigel

(3) 
Avonseal

(3) 
GMZ(4) 

ѡ Ё

(Zhisin)(5) 

Ӱ 46-49 98-99 75 66 79 75.4 14 

Ӱ /Ӟ

 
29-38 <1 15.2 8.3 5 11.7  

 Ӱ 2.7-5.5  5-8 2-4  4.3  

Ѡ Ӱ 2.1-2.6 <1 1.4   0.5  

Ӫ Ӱ 2.0-2.8       

ѠᾐӰ 3.0-3.5    1.5   

 0.5-0.7  0.3     

Ӱ   <1   0.8 30 

ӕ   <1 12-15    

ԁᵓӰ    2 9.5  56 

Ӱ      2   

צ ᾬ 0.31-0.34  0.4 0.003 0.3   

Ẕһ   2 2-3  7.3  

1ȸIto et al, 1993ȷ2ȸPNC, 1996ȷ3ȸLajudie et al., 1996ȷ4ȸWang, J. et al, 

2006ȷ5ȸѵ , 2008ȴ 
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ῶ 3-6ȸЛ֝ ЁП Ӑᾬ ἤ  

 
Kunigel 
V1(1,2,3) 

Kunipia 
F(1,2) 

MX-80(4) 
Montige

l(4) 
Avonsea

l(4) 
GMZ-16(

5,6) 

ѡ Ё

(Zhisin) 
(7) 

Specific 
gravity 

2.7 2.7 2.7 2.8 2.8 2.6 2.7 

LL (%) 416 993 400 140 257 99.8 67 

PL (%) 21 42 70 50 49 41 18 

PI 395 951 330 90 208 58.8 49 

Monto
morillon

it (%)  
46-49  98-99  75  66  79  80  2.3  

CEC 
(meg/ 
100 g) 

52 1117 79 62 82 83.4 70 

Leach cation (meg/ 100 g) 

Na+ 54.6 114.9 56 1.8 46.5 1.6 23.1 

K+ 1.3 1.1 2.3 0.2 0.7 0.34 1.4 

Ca2+ 41.9 20.6 30.1 37.6 39.5 52.92 38.7 

Mg2+ 6.6 2.6 15.6 22.4 7 27.86 6.8 

Na+/Ca2

+ ratio 
1.3 5.58 1.86 0.05 1.18 0.03 0.6 

 
ȸ1ȸIshikawa et al., 1990ȷ2ȸIto et al, 1993ȷ3ȸSuzuki  and Fujita, 

1999aȷ4ȸLajudie et al., 1996ȷ5ȸ ѣᶎ Ȳ2004aȷ6ȸ ѣᶎ Ȳ2004bȷ

7ȸChuang et al., 2010ȴ 
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 3-48ȸѡ ЁὑЛ֝ᵶѬ ц ⇔П …  

ẃ ȸ  Chuang et al. (2010) 
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 3-49ȸKunigel V1ὑЛ֝ᵶѬ ц ⇔П …  

ẃ ȸ ᴞSuzuki and Taniguchi (1999) 

 

 

 3-50ȸMX-80₤ ЁὑЛ֝ᵶѬ П …  

ẃ ȸ ᴞSuzuki and Taniguchi (1999) 
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3.2.5.5. Ѭϩ ἤ 

ӦὑὍ ἤ ᾬ Ὅ Ȳ Ὼ ⇔Ȳ

ѹ ὑ⅔ ∟ Ҡצ ֮ϯѬПϤ–Ȳѵ (2008)

ᴩ ⇔Ɫ 1.5~1.7 Mg/m3 Ȳѹѡ Ё֯ ⇔ 25~80 ˘ϯПѬϩ

⇔ (hydraulic conductivity)ׁשṅȲ Ḋ ֯Л֝ ⇔ϯ

ПѬϩ ᴩⱢȲ Ὠֽכ  3-51ἬӱȲѬϩ ⇔ ⇔с

ᴖ Ȳѹ ⇔ ᵅѬϩ ⇔ ЄȴẔМ ⇔Ɫ1.7 Mg/m3Пѡ

Ё֯ ⇔Ӧ 25 ˘ Ғᴟ 80 ˘ ȲѬϩ … Ғ ⇔ Ɫ

Ȳᴖ֯ ⇔ᵅὑ 1.7 Mg/m3 ПѬϩ … Ғ ⇔ Ὑ Ȳ

Pusch and Weston(2003)ѿ П Ѭϩ … ᾼ

Ȳ Ɫ ₤ Ё (Ca-type bentonite) ⇔ᵅὑ1.6 Mg/m3 Л

ӢыЄ֫ ϩѹ֪Ѭ☼☼ э Ȳṿэ ắѬ☼– ц

ὔ כ ᾼЛ ứȲ╝Ѭϩ … П о Єȴ  

ἣῠ (2008)ɔ ӣѬḦӂ ᾎ (Vapour Equil ibrium Technique)

ѡ ЁЛ֝ ⇔ϯПЁ ᵮϩ (soil suction)Ȳṳᵓӣ Fredlund 

and Xing model(Fredlund and Xing, 1994; Fredlund et al., 1994)Ḗᶙ

(╓ ế⇔ 0ᴟ 1ПЁ ᵮϩ )ПЁ -ѬԌ ἤפ (soil-water 

characteristic curve, SWCC)ѿцӑ ếѬϩ … (Unsaturated 

hydraulic conductivi ty)ȲױẒ ἤ ҅ῶЁ ֯ӑ ếᾭ ϯѬ

ϩ ἤ ȴ  3-52Ɫѡ Ё֯Л֝ ⇔ϯПЁ -ѬԌ ἤפ

ȲẔМ Ɫ Ȳ ◕Ɫᵓӣ Fredlund and Xing modelḖП

Ё -ѬԌ ἤפ ȲӦ Ҡ῀֯ ⇔ 25ᴟ 40 ˘ ȲЁ ᵮϩ

о ЄȲᴖ ⇔֯ 40ᴟ 60 ˘ ᵮϩ о Њȴ  3-53Ɫᵓӣ

Fredlund and Xing modelḖПד Ѭϩ ⇔Ȳᵛӑ ếЁ Ѭϩ

⇔ ếЁ Ѭϩ ⇔Пѩȴ  

ѡӐӼ Kunigel V1Ḋ ᴩ ếѬϩ ⇔ ȲẔ Ѡ

ᾎ ѡ Ӑ Є ֮ Џ Ầ (Japanese Geotechnical Society 

Standard)П JGS T 331 Ѡᾎ ᴩȴẔ ѐЉⱢ᾿ 50 

mmȳ 10 mmП Ȳ Kunigel V1 ЁḊ ֥ 30 %ПӰ +
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כ ⇔ 1.6 Mg/m3П Ȳҫ 1.8 Mg/m3П Ё Ȳṳ

ѹ ᴩЛ֝ ⇔П ạȴ  3-54ⱢKunigel V1 ὑЛ֝

⇔ϯП ếѬϩ ⇔ ȲӦ ὨҠ῀ ⇔ Ẕ ếѬϩ

⇔⁄ ȷ ⇔ 1.6 Mg/m3 П ếѬϩ ⇔Ӽ ὑ ⇔  

1.8 Mg/m3П ȲẔ ֪֯ὑ П ⇔ Ѭϩ ⇔ ȷҫ

Ӽѩ Ѭϩ ⇔ Ю ⇔ ȲᵓӣϢЏ Ѭ ᴩ

ПѬϩ ⇔ ὑ ѬПѬϩ ⇔ ȴҫҵӼᵓӣѬḦ

ӂ ᾎ ᴩ Kunigel V1ὑЛ֝ ⇔ϯППЁ -ѬԌ ἤפ

(Suzuki and Fujita, 1999)ֽ  3-55ἬӱȲ Ὠ ӱẔ ⇔ Ё

ѬԌ ἤפ Ὑ ᾼ ȴ  3-56Ɫ Kunigel V1ȳ MX-80ȳ

Kunipa Fц ֥ 30%Ӱ +ПKunigel V1Ḋ ПЁ -ѬԌ ἤפ ѩ

ȲӦ М Ὠ ПȲKunipa F ЁПᵮϩ ȲẔװⱢMX-80

₤ Ёц Kunigel V1Ȳ֪ ЁМ Ӱᵶ Ẕᵮϩ П

ᵅȴ  



   

 3-72 

 

 

0

1

2

3

4

5

6

7

8

9

20 30 40 50 60 70 80 90

Temperature (҉)

H
y
d

ra
u

lic
 c

o
n

d
u
c
ti
v
it
y
 (

1
0

-1
0  m

/s
e

c
)

1.5

1.6

1.7

r d (Mg/m
3
)

 

 3-51ȸѡ ЁЛ֝ ⇔ Л֝ ⇔ϯПѬϩ ⇔ 

ẃ ȸ ᴞѵ (2008) 

 

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

0 0.2 0.4 0.6 0.8 1

Degree of saturation

S
u

c
ti
o

n
 (

k
P

a
)

25 25

40 40

60 60

Zhisin Clay

measuredsimulated
 ҉

 ҉

 ҉

 ҉

 ҉

 ҉

 

 3-52ȸѡ ЁὑЛ֝ ⇔ϯПЁ ѬԌ ἤפ  

ẃ ȸ ἣῠ(2008) 

 



   

 3-73 

1.E-10

1.E-08

1.E-06

1.E-04

1.E-02

1.E+00

0 0.2 0.4 0.6 0.8 1

Degree of Saturation

R
e

la
ti
v
e

 c
o

e
ff
ic

ie
n

t 
o

f 
p

e
rm

e
a

b
il
it
y

BH bentonite

Zhisin clay

 

 3-53ȸѡ ЁПד Ѭϩ … ᵶѬ П … 

ẃ ȸ ἣῠ(2008) 

 

 

 3-54ȸKunigel V1 ὑЛ֝ ⇔ϯПѬϩ ⇔  
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(a) Kunigel V1 Ё  

 

(b) ֥30%Ӱ + Kunigel V1П  

 

 3-55ȸKunigel V1 ὑЛ֝ ⇔ϯЁ ѬԌ ἤפ  

ẃ ȸSuzuki and Fujita (1999) 
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 3-56ȸЛ֝ ЁПЁ -ѬԌ ἤפ ѩ  

ẃ ȸJNC (2000) 
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3.3. ӣ І ᾼғ ᴷ 

 

3.3.1. Ἐ ה Пׁשṅ 

ὑү Ӑ ᴯὑ ṸЄ ὰ √ ὰ ֥ӻꜜ Ȳ

Ϛ ὰ ֥ПӐ ϱᾼ Ѝ ֮ᶮᾼׁשṅМҠѿч╣ Ѝ

ȳ– ѿц Фד П …ȴ֪ױ ᵿ

ắẞ֮ Ὃὡ ֮ῶ– ᵂӣȲЄּ֯פ 10 ∟ד ϱѠ

⁴⇔ ЊȲҒϱ Ѭ Ҡ ϱсἨắ Ԝ ᴖ

ϯ ᾼ ֪ Ȳṿ ϱѠ֮ Ҡ Ὼ Ѭ ἨⱢ Ѭ

ḥȲḀἨ ӂ Ȳᴖ ῺἨ Ѭ ḥȲױ

ᾬ ἬᵶὍ ἤ Ҡ ҵ ẞӢᾬ ◦ ПМȴ֪ױӐ

⇔ד › Ӑ ֮ῶϱс ֮ῶ– цỂ ӂ

ᾼ о ֪ Ȳ ᴩ ֥иέȲׁשṅиέ

ᵿắẞ Ѭ ḥἬ Ӣᾼ ц ◦ҵ ᾼ ᴷᶾ ȴ  

ҵȲ֮ױ Ὅ ἤ ᾬ Ṇ П  ׄԓἤ Ɫ

ṅשׁ ПϚȲ Ҡ Ểכ ӕỵ Ἠ ӕỵ

ᶮȲ ֮ϯ ╟ ӢЛ֝ ⇔П ȴ Ể ӕỵᾼ

ֽắ ȲẔ ἤꜙ ȲצҠ ֮ϯ ╟ ֪ ᾎἭ

ắױ ᴖ ắ Ȳ֪צױ ╟ắ֮ ᾼ ṅȲשׁ

Ɫד ᾼ Ȳ╝Ӑד⇔Ӽ ᴕ ֮ ֮ϯ ╟֚ П

ẂиέȲѿцד ֮ ṅשׁ Ȳ ֮ ♄ ֮ϯ ╟П

֪ІȲ Ɫӑẃ֮ ֚ иέц иέׁשṅ ȴ  

 

3.3.1.1. ֮ ϱс/ḛ ᵂӣ 

֮ ϱс /ḛ ᵂӣⱢϚ  ѹ ПᵂӣȴᴖױᵂӣἬ

П ὨȲ ṿ ὑ֮ἉϯẓὍ ἤПӣ І Ἤ֯ᴯ

⇔ Ἠ Ȳᴖ ϤἨ Ϣ Ӣ♄ ȴ֪ױȲ֯ᴕ

  П ȲӇ ֮ ϱс /ḛ ᵂӣ

ϩ ֮ П ȴ  
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ү ϩеҨ (2009) ֥ Ϡ ҟ ֵ ῏ ὑү ᾼЄ֮

ȳ֮ ϱс /ḛ ᵂӣἬ ᾼׁשṅכὨȲẔиέ Ὠ

Ӑד⇔ Ḇ ֽϯȴ  

 

3.3.1.1.1. ү ֮ ϱс/ḛ  

ү ᴯὑṸ☺Є ᾼὧ⁮ᾘ ȳѡӐ ᾼᴫ⁮ѠȲц

√ ᵨᶚ ᾼҖѠȲ ὑыӂ◦ᴫỴᾼ ȴ ү ֮ Є֮

ὰ ▐ (  3-57)Ȳ ӱү ֮ Юὑ ṸЄ ὧ √ ὰ

ӻꜜ Ȳ ὑ ыӂ◦ѭЍ ֮ Мȴ √ ὰ ֯ү ὧ

ҖѠȲᾘ ֣Җ ḥẞ ṸЄ ὰ ПϯȲ֯ү ⁮ѠȲ

√ ὰ ᾘ ҼἮ ѿᴫҖѠ֣Ԋ ὑ ṸЄ ὰ Пϱȴ  

ү ᴯὑ ṸЄ ὰ ц √ ὰ ᾼ ֥ ϱȲ ү ᴖ

ṕȲױ ֥ ᵛⱢῧὧ ṖȲ ṖѿᴫᾼМҶЍ цẔᴫП Ѝ

ᴫ ӂ ὑ ṸЄ ὰ ᾼ Ԍȷ ṖѿὧⱢ √

ὰ ᾼᴫ ȷὑϱ ѷ (ῶ  3-7)М √ ὰ ṸЄ

Ȳі Ϡү ֮ ҭϱϚװЄ ᾼ Ѝ Ȳ Ӑᴯὑ ӂ

ѿϯү ᾼḛ ᾬ Ȳṳ Ở ắ– ᵂӣȴᴟḆ ѷ (ῶ  

Мנ(3-7 Ѝ ὑ Ȳ ֮ сḆⱢṣ Ȳү Є Ԍ֮

Б ҏѬ ȲӦὑ ֮ сП Єὑ– Ȳ צЭѡכ

3,000еѐѿϱᾼЍ Ȳṳ ϠЭѡᾼү ȴᴟЭȲ √

ὰ Ьѿḕפּד 7еиᾼ ⇔֣ᴫҖѠ֣ Ȳ ṸЄ Ӣ

═ ἤᾼ ȴ  

ὑү ֮ ֮ ϱс /ḛ ♄ ἤ ứ ṅȲשׁ Бצ 

ѐ⇔ ᾼׁשṅ ֽῶ  3-8ȲҠѿ ү ṳЛ╥ḕ

֮ ╥ϱсȲМҶЍ ȳҖ Ỵ иѺ ֮ ὑϱс

Ȳᴖӂ ֮ Є ѿḛ Ɫѻȴ  

ᴟὑү Э֮ ϱс /ḛ ᾼ ѻ ד1990 ȲӦМҶׁש

ṅ ֮ דּ Ἤ֯ԓ ᵉ Ϛᴍֵ GPS Ȳṳ ӣױ ⇔

GPS ẃ ᴩ֮ (Ѭӂȳ₣᾿Ѡ֣ )П ṅȴשׁ

(2002) ᾼד1999~1993 Ȳ ү ֮ с ᶮȲѿ₣᾿
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⇔ ẃῶӱȲЄ П с Ӽ ὑῶ  3-8ȲẔМϱ

с Єᾼ Ȳ М֯МҶЍ ӞЍѿ⁮ẞ ὭϚ цМ

֮ МҶЍ  ῺȲӂᶁϱс פּ 5 mm/yrȴϯ ᾼ֮ ҏ ֯

Ὥȳ ᾘ ֮ цừ ӂ Ȳӂᶁϯ פּ -10~-70 mm/yr Л

ȴ  

ҫӦYǳƻπ9ƴ /ƘƛƴƎ Ŝǘ ŀƭΦόнл11) ӣ Ѭ цү 199

GPS ᾼדᴟ2008ד2000 Ȳѿ₣᾿ ⇔ ẃῶ

ӱ (  3-58)ȲЄ ϱЍ ᵧ ϱс Ȳϱс פּ 0.2 ~ 18.5 

mm/yrȲӦЍ ֣ Ỵ ϱс ЊȲᴖ Ɫḛ ᾼ

Ȳ ὧ⁮ᾘỴ ỴЍ ⁮◕ иЬᵧ ϱсᾼ ȴ  

 

 

 

 3-57ȸү ֮ Є֮ὰ ▐  

ᴞ С(2001) 
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 3-58ȸү ֮ ₣᾿ ⇔  

ᴞYǳƻπ9ƴ /ƘƛƴƎ Ŝǘ ŀƭΦ (2011) 

ȸ S01R ᴕ ⇔Ɫ
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ῶ 3-7ȸ֮ ῶ 

а 

Eon 

҅ 

Era 

 נּ

Period 

ѷ 

Epoch 

Ὅ ἤứד 

Єּפ ֿ 

( ᴯȸᴍ ѿד

›) 

Ӣа 

Phanerozoic 

Ӣ҅ 

Cenozoic 

ҳּנ 

Quaternary 

ԓ ѷ Holocene 0.01 

Ḇ ѷ 

Pleistocene 
1.6 

Ϯּנ 

Tertiary 

ϱ ѷ Piocene 5.3 

М ѷ Miocene 23.7 

ѷ Oligocene 36.6 

Ở ѷ Eocene 57.8 

ҡ ѷ Paleocene 66.4 

МӢ҅ 

Mesozoic 

Ӫ  Creaceous נּ

 

144 

Ẍ  Jurassic 208 נּ

Ϯ  Triassic 245 נּ

ҡӢ҅ 

Paleozoic 

ϡ  Permian נּ

 

286 

Ӱⱦּנ Carboniferous 360 

ᾇִנּי Devonian 408 

ᶳ  Silurian 438 נּ

 Ordovician 505 נּ

ύּנ Cambrian 570 

Ӣа 

Cryptozoic 
   4600 

(ѵ ὙȲ1991)Ȳ ᴞү ϩеҨ(2009) 
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ῶ 3-8ȸү ֮ ֮ ϱс/ḛ ứ  

֮  ϱс/ḛ (-) 

mm/yr 

 ẃ  

ү ֮  5 Ḇ ѷ Ḽ(1985) 

МҶЍ  10.7±2.2 0.58~0.128ᴍ  (1982) ‹ד

МҶЍ  8.9±1.9 Ὼгϫ  (1982) ד

МҶЍ  5.0±0.4 ᴍ ד  Lin (1999) 

⌡╡ҙ ȳү⁮Ϛ

ц ỴЍ  

ѿẃ Ứᶛד9,000 5.0±0.7 (1977) 

ү Җ Ỵ ЛЄὑ2 1,500~5,500ד› Ứᶛ (1977) 

ү Җ Ỵ 5.3 5,500~8,500ד› Ứᶛ (1977) 

Җ Ỵȳᴎ Ỵ 1~2 ԓ ѷ ụ (2005) 

⌡╡ҙ ᶝ  3~4 ԓ ѷ ụ (2005) 

ᴫ⁮Ѻ ҵ ῧὧ

Ỵ⁮◕ 

5~10 ԓ ѷ ụ (2005) 

ӂ  -10 ԓ ѷ ụ (2005) 

⅜ ҏ Ѐ -5 ~ -6 ԓ ѷ ụ (2005) 

Ѭ ӂ  -1 ~ -2 ԓ ѷ ụ (2005) 

⁮ȳ ӂ (֣

֮ ) 

-3 ~ -4 ԓ ѷ ụ (2005) 

МҶЍ ӞЍѿ⁮ẞ

Ὥ 

 (2002) ד1999~1993 5

М ֮ МҶЍ  

Ὼ 

 (2002) ד1999~1993 5

Ὥȳ ᾘ ֮  (2002) ד1999~1993 70- ~ 10- 

ừ ӂ Ϯ ȳừ

Ӏ 

 (2002) ד1999~1993 10-

ᴞү ϩеҨ(2009) 
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3.3.1.1.2. ү ֮ῶ ᵂӣ 

ү ֮ ֮ᶮị⇔ ≡Ȳ​ ḝȲ оᵂӣ ᴩȲ ṷ Ԉ

ᶁ‚ṿ֮ῶ ắᶶ ᾼ ȴӦ Ḽ (1985) ү ԓ ֮ᾬ

ἤ ПכὨ (  3-59)ȷ ҿ ֮ –ד ⇔ ᵅȲЄ

и ֯ 3 mm/yrѿ ϯȷ Ң (Ѝ ֮ Ԍ )ᾼ– ⇔ӂ ᶁ 5.5 

mm/yrȴӦDadson et al.(2003) ү Ѝ П ד30 (1970~1999)П

– Ὠכṅשׁ (  3-60)Ȳᵛ Єὑ500 mПЍ ӂᶁ–

Ɫ6 mm/yrȴҫ   ѐ⇔Ȳᵓӣү ὧ ц

ỵЍ ҅ῶ ֯ Ѝ (ʧ 5 Ma)П ᴊӰПứד ₇Ȳ

ҏ֯МҶЍ ὧ П Ɫ 3~6 mm/yr (  3-61)ȴӦ› Ѝ

ӂᶁ– ṅשׁ Ὠ ӱד Ϛ ȲᶁּפЮὑ 5.5~6 mm/yrП Ȳ

ѷꜜ֢֮דѩ ȲӐ Ѝ֮– Ь ‍ ֮ ȴ  

ẓצ Ṹ Пү ȲḕדЄּפ ắẞ 4 ᾼ–

Ȳדӂᶁ​ иᵉ֯ 2500mmѿϱȴЄ ᾼ ​Ȳ ῶᾼḤ֮כ

ẚȲṳҒ Ѝ цЁӰ☼ᾼ ӢȴЄὂϱȲ вᾼ– Ȳ֯ 921֮

›ȲӂᶁּפⱢ 3.9mm/yrȲ֯ 921֮ ∟– ⁄ Ғᴟ 2 ѿϱȲ

ױ Ὠ᾿ ᾼч╣ҏЍ Ѭ ᾼỵἤȳ ​ц֮ᶮ Ԇ ᾼ

…ȲϷ֝ ч╣Ϡ в– ᵂӣȲ ♄ ᾼὰ ц П

ἒױ П ἤȴ ( ᶛׁ Ȳ2003) 

Siame, L. L. et al. (2011) ᵓӣѬᵓ ПѬМ Ḛ ⇔

(suspended sediment load) Ȳ ᴷ ҟ үד50 ὧҖ ֮

ᾼӂᶁ֮ῶ– Ȳ ὨⱢ 5~7 mm/yrȴ  

Ḉ (2009)ѿ֮ᶮ оᾼᶁ ứ (topographic steady state)

Ȳᵓӣ ֮₤╓ ẃ ᾈ☼ ᾼ оиέȲẃ

֮ᶮ о ϱᾼᶁ ứȴ Ὠ ὙϠ МҶЍ ᴫ

֮ ếМҶЍ ὧ ֮ иᵑҔᵶЛ֝ѹ ἤЄᾼ֮ Ḋ Ȳ

  ѿẃЄ֮ ᾼ– ᵂӣҠѿᵧ Ϛ ᶁ

ứᾼᾭ Ἠ╥ ӂ ȴ  
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 3-59ȸү  

( ḼȲ1985)Ȳ ᴞү ϩеҨ(2009) 



   

 3-84 

 

 

 3-60ȸү ד1970-1999 –  

ᴞDadson et al. (2003) 

ȸ ᴥ ῶӦЄὑ400 km2 ☼ в ᾈЎ ᵶ Ȳ ᵶ …Ӧ

Ὼ ỴПѬѝ ȴ ᴥ ⱢѬѝ ȷ ᴥϮṔ …҅ῶѬ

ȷᴊᴥ ⁄ ȴ 
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 3-61ȸү ҅ Ѝ (ʧ5 Myr) П  

ᴞDadson et al. (2003) 

ȸ Ɫ ȷ ᴯȸmm/yrȴ 

 














































































































