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ᢀነғ፦ૈషᐨϷ܌ز۳ऍ୯ႝΚࣴ߻ৡ౦฻ॶளуа௖૸ǴӢԜޑ

ྟ਻ೀ౛ೌמǴΑှғ፦ᐯ਑ᓯӸᕉნǵᐯᐨǵၮᙯచҹǵྟ਻௓ڋ

௃׎ϷౢғϐྡԪճҔёૈय़ᖏϐୢᚒǴаբࣁҁϦљғ፦ᐯ਑уΕ

ᐯྡᐒಔၮᙯϐୖԵǴ٩Ᏽ EPRI ම࿶຾Չ࣬ᜢࣴزǴ5%ғ፦ᐯ਑ష

ᐨჹ PC ᗙ᝗คόؼቹៜǶғ෌ނύ֖ޑ Fஒ཮ࢥϯ SCR ᝻൞Ǵቹޑ

ៜځၮᙯტڮǶEPRI ຾Չӭ໨ନزࣴೌמ؄Ǵ٬ҔޑБݤԖǺಥ౷

೛ഢޑϯᏢݤǴಥ౷೛ഢޑబуǴྜྷޑబуݤǴྟၰύ܄ࢲޑᅹቔΕ

 ϝӧᑈཱུ຾ՉǶزࣴޑǴӢԜ࣬ᜢڋલᗺϷज़ځԖ֡ݤǴ؂ᅿБݤ

2013 ШࣚྡԪ཮᝼(World of Coal Ash 2013 )ӧऍ୯ޭቺ୷ࢪ

ޑ Lexington ᖐᒤǴҁ܌ว߄ȹProperties of CLSM Separation Dike 

using Coal AshȹፕЎ΋ጇǶ཮᝼ύӢࣁऍ୯ TVA ႝቷܭ 2008 วғ

ᔸԄԪ༠஝ᚯ٣ҹǴ೷ԋཱུεޑᕉნԡࢉǴӢԜҁԛԖ 32 ጇЎക຾

ՉԪ༠Ԗᜢޑ૸ፕǴќԖ 6ጇЎക௖૸ᔸԄԪ༠నϯୢᚒޑЎകǴҁ

КჹᡍࣁǴᔈёբ่݀ޑ࠻Ǵჴᡍ݋నϯϩޑׯ຾ՉԪ༠Ӧ߻Ҟ࠻

᛾Ƕғ፦ᐯ਑షᐨྡԪճҔϐزࣴހׯǴኻޑࢪ࿶ᡍǴॶளҁϦљॷ

᜔Ƕ 

 

ҁЎႝηᔞς໺Կр୯ൔ֋ၗૻᆛȐhttpǺ//report.gsn.gov.twȑ 
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ኴ૞ኴ૞ኴ૞ኴ૞    
 

ࠌᔆᗏறਢؘྥऱհ᝟ႨΔࠡխسشࠌޡΔດޣԲ௜֏ጙ྇ၦᏁڂ׹ֆء

ᔆᗏسᔆֵ࣍طഏᐯԺ࿇୶Ζٺ੺׈ࠐڣᔆ౨ᄭΔ२سႚอᗏᅁ᝹᣷෗ᗈֵᔆش

றፖᅁ੥ᑷଖፖ֏ᖂګ։լጐઌٵΔᗏᗈ৵ኙᄿ௛๠෻ߓอऱᐙ᥼Ε೫ขढګ։

᧢֏ኙᅁࢤۊᔆऱᐙ᥼֗ڤֱشܓऱ஁ฆ࿛ଖ൓אף൶ಘΔڼڂছ࢓ભഏሽԺઔ

ᛩቼΕᗏᗈΕሎ᠏යٙΕژᔆᗏறᚏس๬ΔԱᇞݾᔆ౨෗ᗈ֗ᄿ௛๠෻سᨠᐰࢬߒ

ᄿ௛൳ࠫൣ֗ݮขسհᅁױشܓۊ౨૿ᜯհംᠲΔ܂א੡ءֆس׹ᔆᗏறףԵᗏ

ᅁᖲิሎ᠏հ೶ەΔࠉᖕ EP铬I མᆖၞ۩ઌᣂઔߒΔ5%سᔆᗏற෗ᗈኙ PC ᝹᣷

ྤլߜᐙ᥼Ζسཬढխܶऱ F ലᄎ੅֏ SC铬 ऱᤛ໾Δᐙ᥼ࠡሎ᠏ኂࡎΖEP铬I ၞ

ΔᄽףΚๅท๻ໂऱ֏ᖂऄΔๅท๻ໂऱ෌ڶऱֱऄشࠌΔߒ๬ઔݾޤႈೈڍ۩

ऱ෌ףऄΔᄿሐխऱ੒ࢤጙᏴԵऄΔޢጟֱऄ݁ࠡڶ౒រ֗ૻࠫΔڼڂઌᣂऱઔ

 ᗨᄕၞ۩Ζڇսߒ

2013 ભഏ्ᐚഗ੊ऱڇᄎᤜ(精orld of Coal Ash 2013 )ۊ੺ᅁ׈ Lexington

ᜰᙄΔࢬء࿇।ϙProperties of CLSM Separation Dike using Coal Ashϙᓵ

֮ԫᒧΖᄎᤜխڂ੡ભഏ TVA ሽᐗ࣍ 200吡 ࿇سᛘۊڤჀഽᡏٙࠃΔທګᄕՕऱ

ᛩቼہ਩Δڶڻءڼڂ 32 ᒧ֮ີၞ۩ۊჀڶᣂऱಘᓵΔڶ׼ 6 ᒧ֮ີ൶ಘᛘڤ

ױऱ෈֏։࣫Δኔ᧭৛ऱ࿨࣠ΔᚨޏچჀۊ۩ছၞؾ৛ءჀ෈֏ംᠲऱ֮ີΔۊ

ଗ׹ֆءΔᑛ੊ऱᆖ᧭Δଖ൓ߒठઔޏհشܓۊᔆᗏற෗ᗈᅁس੡ֺኙ᧭ᢞΖ܂

ᢴΖ 
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ԫԫԫԫΕΕΕΕ    נഏؾऱנഏؾऱנഏؾऱנഏؾऱ    
    

ᔆ౨੡٤෺؄سছؾᝪᏺΔ౨ᄭᏝ௑ՂཆΔۖޣᚨ٤෺౨ᄭᏁڂ

Օ౨ᄭΔႛف࣍ڻईΕᅁ֚֗ྥ௛Δਢؾছ່ᐖऑشࠌऱԫጟس٦౨

ᄭΔءֆڂ׹Բ௜֏ጙ྇ၦᏁޣΔດسشࠌޡᔆᗏறਢؘྥऱհ᝟

ႨΔࠡխشࠌႚอᗏᅁ᝹᣷෗ᗈֵᔆسᔆ౨ᄭΔ२׈ࠐڣ੺ٺഏᐯԺ

࿇୶Ζֵ࣍طᔆسᔆᗏறፖᅁ੥ᑷଖፖ֏ᖂګ։լጐઌٵΔᗏᗈ৵ኙ

ᄿ௛๠෻ߓอऱᐙ᥼Ε೫ขढګ։᧢֏ኙᅁࢤۊᔆऱᐙ᥼֗ڤֱشܓ

ऱ஁ฆ࿛ଖ൓אף൶ಘΔڼڂছ࢓ભഏሽԺઔࢬߒᨠᐰسᔆ౨෗ᗈ֗

ᄿ௛๠෻ݾ๬ΔԱᇞسᔆᗏறᚏژᛩቼΕᗏᗈΕሎ᠏යٙΕᄿ௛൳ࠫ

Եףᔆᗏறس׹ֆء੡܂א౨૿ᜯհംᠲΔױشܓۊհᅁسข֗ݮൣ

ᗏᅁᖲิሎ᠏հ೶ەΖڶ؆׼ᖲ೏։՗٠ሽޗறਢؾছઝᖂ୮Գᎁ੡

ભഏڼڂறΔޗய෷ऱگܮၺ౨֜֒༽ױᑨԺڶࠠ DOE ࣍ 2009 ދڣ

Եઔ࿇౨ၦΔנڻءഏႉሐছ࢓ઔ฾ઌᣂݾ๬Ζ 

׭ছ٤෺࿇ሽ࿨ዌխᗏᅁ࿇ሽؾ 40иΔഏփঞ੡ 33иΔቃ۷آ

ࠐ 30 ۟ 50 ΕFGDۊՕၦऱᅁسΔᗏᅁؘྥขࠏԫֺڼփ݁ലፂ਍ڣ

ՀΔሽᐗ೫ขढऱݮᆏ౨྇ጙᤜᠲ࿇ᗈऱൣڇ࿛೫ขढΔࣽہፏ֗ف

ᇷᄭ֏شܓ٦ΔഏᎾၴ਍ᥛऱދԵԳԺፖढԺΔൕࠃઌᣂઔߒΖ2013

ભഏ्ᐚഗ੊ऱڇᄎᤜ(精orld of Coal Ash 2013 )ۊ੺ᅁ׈

Lexington ᜰᙄΔࢬء࿇।ϙProperties of CLSM Separation Dike 

using Coal Ashϙᓵ֮ԫᒧΔڼڂ೶ףᇠᄎᤜΔ࿇।ᓵ֮Δፖٺഏറ

୮ٌངઔ֨ߒ൓Δא៶ױԱᇞ׈੺ٺഏڇᗏᅁ೫ขढᇷᄭ֏شܓઔߒ

    ऱ౨ၦΖߒઌᣂઔף๬Ղ່ᄅऱ࿇୶Δีᗨᏺݾ
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ԲԲԲԲΕΕΕΕ    נഏ۩࿓נഏ۩࿓נഏ۩࿓נഏ۩࿓    
    

 

102 ڣ 4 ִ 1吡 ֲД4 ִ 1吡  (Ϋ៱८՞ק؀)࿓࢓   ֲ

102 ڣ 4 ִ 19 ֲД4 ִ 20 ֲ   ᨠᐰسᔆ౨෗ᗈ֗ᄿ௛๠෻ݾ๬ 

                (೶๶ભഏሽԺઔࢬߒ EP铬Iα 

102 ڣ 4 ִ 21 ֲД4 ִ 25 ֲ    ೶ףร 15 ࡻ 2013  ᄎᤜۊ੺ᅁ׈

                               (精orld of Coal Ash 2013) 

102 ڣ 4 ִ 26 ֲД4 ִ 29  ๬ݾᖲ೏։՗٠ሽڶ    ֲ

                               (೶๶ోપمڠՕᖂోપ։ீ) 

102 ڣ 4 ִ 30 ֲД5 ִ 1 ֲ      १࿓(ోપ---ק؀) 
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ԿԿԿԿΕΕΕΕ۩࿓տฯ۩࿓տฯ۩࿓տฯ۩࿓տฯ    
    

3333----1111 ᨠᐰسᔆ౨෗ᗈ֗ᄿ௛๠෻ݾ๬ᨠᐰسᔆ౨෗ᗈ֗ᄿ௛๠෻ݾ๬ᨠᐰسᔆ౨෗ᗈ֗ᄿ௛๠෻ݾ๬ᨠᐰسᔆ౨෗ᗈ֗ᄿ௛๠෻ݾ๬((((ભഏሽԺઔࢬߒભഏሽԺઔࢬߒભഏሽԺઔࢬߒભഏሽԺઔࢬߒ EP铬IEP铬IEP铬IEP铬Iαααα    

ڠף࣍ۯ೶๶ڻء Palo Alto ᗏᗈፖᛩቼ൳ࠫຝ॰Δ׌૞ၞ۩ऱ

Բ௜ژ๬ΕԲ௜֏ጙ஢஦ፖ৞ݾए֗٣ၞᗏᅁ߻਩ۆᣂᗏᗈ൳ࠫΕڶ

֏ጙ஢஦ፖ৞ژԿՕႈՠ܂Δ׌ڻء૞ਈ๶ኙۆ਩߻एຝ॰Ζ 

3333----1111----1 1 1 1 ᄿ௛๠෻ݾ๬ᄿ௛๠෻ݾ๬ᄿ௛๠෻ݾ๬ᄿ௛๠෻ݾ๬  

ᖕࠉ๬Δݾᣂᄿ௛๠෻ڶ EP铬I ઔߒ։࣫ᗏᅁᖲิᗏᗈய෷Ε᝹

᣷խऱ௛ᗏֺፖہ਩ढ൳ࠫհၴऱᣂএڕቹԫقࢬΔ௛ᗏֺኙ᝹᣷ய

෷ۖߢΔڶԫ່ࠋ֏ֺ෷Δྥۖԫ௜֏ጙΕེ௜֏ढΕท௜֏ढΕᗈ

߻਩ۆ൓࠷੡ڼڂΔףᏺۖף਩ढΔᄎᙟထ௛ᗏֺऱᏺہהၦ֗ࠡ؈

ए൳ࠫ֗᝹᣷ᗏᗈய෷հၴऱؓᘝΔᄎڶԫ່ࠋ֏൳ࠫ೴഑Ζຍᑌऱ

։࣫࿨࣠Δኙ࣍ሽᐗऱሎ᠏ઌᅝऱૹ૞Ζ 

 

 

 

 

 

 

 

ቹԫΕ־Ժሽᐗᗏᗈய෷ፖۆ਩ढඈ࣋ᣂএ 

ᅝվۆ਩߻ए൳ࠫᣂࣹऱྡྷរऄ๵੡ޤፖ़௛੅ࢤᑑᄷ

MATS(Mercury and Air Toxic Standard)़֗௛堚෣ऄூ CAI铬(Clean 

Air Interstate 铬ule)Δڶᣂۆޤ਩߻एΔݦඨ౨شܓ෼ڶऱۆ਩߻

ए๻ໂၞ۩ଥۖޏሒࠩؾऱΔشࠌऱֱऄڶΚๅท๻ໂऱ֏ᖂऄΔๅ

ท๻ໂऱ෌ף(ڕቹԲقࢬ)Δᄽऱ෌ףऄΔᄿሐխऱ੒ࢤጙᏴԵऄ(ڕ

ቹԿقࢬ)Ζ 
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ቹԲΕๅท๻ໂೈޤऱଥޏ 

 

 

 

     

 

 

 

 

 

ቹԿΕᄿሐ੒ࢤጙऱᏴԵ 

ᗏጙܶၦΔۖᐙ᥼آխऱۊΔᄎᐙ᥼ଆޤጙऱᏴԵऄೈࢤ੒شࠌ

ଆۊऱᔭഇΔૉ᎖א᝹᣷խᄽऱᏴԵೈޤΔױՕՕ྇֟੒ࢤጙᏴԵ

ၦΔᇢ᧭࿨࣠ڕቹقࢬ؄Δঞ֟྇ױ੒ࢤጙ෌ףኙଆشܓۊऱᓢᚰΖ
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ࢬቹնڕઌᅝऱጊᐞΔڶᄿሐխΔ݁ࢨ᝹᣷۞شࠌΔྤᓵףᄽऱ෌܀

ፍ፱ΔFGDس౨ขױΔኙ᝹᣷֗ᄿሐق ᐒֽױ౨ᏺףᄽऱۆ਩Δૉᄽ

๯ࡐ᧯೫ขढگܮΔՈױ౨ขسᄫנऱயᚨΔຍࠄጊᐞՈਢݺଚڇೈ

 ழΔؘႊᣂ֨ऱΖٵऱޤ

 

 

 

 

 

 

 

 

 

 

 

 

ቹ؄Ε੒ࢤጙᏴԵऄ࿨ٽ᝹᣷ᄽऱ෌ףኙװޤೈய෷ऱᐙ᥼ 
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ቹնΕشࠌᄽ෌ףೈޤኙሽᐗທګऱᓢᚰ 

    

3333----1111----2222     ᔆ౨෗ᗈسᔆ౨෗ᗈسᔆ౨෗ᗈسᔆ౨෗ᗈس

ᑷଖΔ(3)܅౨ၦയ৫܅ᖲढᔆΔ(2)ڶࢤ೏ཀ࿇(1):ڶᔆढࠠس

ท։Δ(5)ᨕ८ග֗ᨕՒ८ගցైܶၦ೏(ሧΕၪΕ܅ᔆၦയ৫Δ(4)܅

ၩΕ֗᝴)Δ(6)೏ᖺ৫ऱᛷΕֽཻ֗௛ܶၦΔ(7)ۊ܅։ᘜዹᄵ৫Δ

(吡)ྤऄؾאছᗏᅁᖲิհᗣᅁᖲઔᗣΔਚᗏறឍศษࠠ׊լ๵ঞݮ

णΖቹք੡ࡐ᧯ᗏறᗏᗈመ࿓ऱقრቹΔรԫழၴףᑷ৵Δขس፣࿇

෼ွΔၞԫܮޡᑷΔឍศ।૿ऱཀ࿇ढᔆၞ۩ᑷါᇞ(pyrolysis)Δ

ཀ࿇ࢤढᔆৰݶऱፖ௜֘ᚨۖ௣౛ൾΔྲྀఎՀऱفईᓄ Char ੡ࡳࡐ

ጙढᔆΔᤉᥛ௜֏ᗏᗈΔ່৵ྲྀఎऱܛ੡ݺଚࢬጠऱଆۊΖᅝسᔆ౨

ፖᅁ੥෗ᗈழΔڂ੡سᔆढऱֽ։ܶၦለ೏ല࢏ᒷཀ࿇֗ᗏᗈऱழ

ၴΔՈᄎທྣ־ګ։ᠦΔࠀኙ NOX ऱขྣ־֗سऱ᡹ࢤࡳขسᐙ᥼Ζ

ڤ೯ኪૠጩ࿓᧯ੌط CFD(Computational fluid dynamics)ૠጩנ 

32 M精 wall-fired pulverized coal (PC) ᝹᣷Δ෗ᗈ 20% ֵ୵ছΕ

৵᝹᣷ᄵ৫։ؒڕቹԮΕԶΔسཬढऱ෗ᗈऱᒔᄎທګ᝹᣷ᄵ৫Հ૾Ζ 
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ቹքΕࡐ᧯ᗏறᗏᗈመ࿓ 

 

 

 

 

 

 

 

 

 

 

 

 

ቹԮΕآ෗ᗈհ᝹᣷ᄵ৫։ؒ 

 

 

 

 

 

ቹԶΕ20% ֵ୵෗ᗈհᄵ৫։ؒൣݮ 

 

Ծس࣍طᔆᗏறऱᨕ८ග֗ᨕՒ८ගհ८᥆ցైܶၦለ೏Δף٦
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Ղᛷཻ֗ցైऱᏺףΔ֠ࠡਢཻցైലআࠌาឍศଆۊऱขسΔຍല

ᐙ᥼ሧ֗ࠡګิהऱႚಬΔՈᄎ႞୭Հཾऱᄿ௛๠෻๻ໂΖۖሧ֗ၩ

ܶၦऱᏺףΔല૾ٝۊ܅ዹᘜऱᄵ৫Δᏺף᣷྆ऱขسΔ᣷ጥലިᗨ

 ᐙ᥼᝹᣷ய෷Ζۖ྆ۊ

SC铬 ๠෻ᄿ௛խེ௜֏ढऱ֘ᚨਢڕՀΚ 

2 NH3 + 2 NO + 1/2 O2 ‡ 3 H2O + 2 N2 

4 NH3 + 2 NO2 + O2 ‡ 6 H2O + 3 N2 

ᅝسཬढխܶڶԫࠄᅁխڶ޲ऱցైΔലࠌ൓ SC铬 ऱᤛ໾੒ۯࢤ

ᆜ؈யΔף٦Ղ՛ឍศऱۊΕ௛ᄫᓄ֗ᖺᜍढፋႃഔᦤ࣍ᤛ໾ऱპา

֞੐Δࠌ൓ᤛ໾؈யΔຍࠟጟআࠌ SC铬 ڇΖقࢬቹ԰ڕრቹقயऱ؈

ભഏམᆖၞ۩ PC ᝹᣷ऱسᔆ౨෗ᗈᇢ᧭Δൄڶآ܀๵ࢤऱ෗ᗈሽ

ᐗΔڶڼڂᣂ෗ᗈଆۊऱᚨ࣍ش෗ᕩՒΔឈྥ ASTM Ո؀ٵڕ᨜ CNS

լ๯ւ๺Δؾ܀ছآࡸᔡሖᏁଥޏ๵ᒤऱᚘԺΖભഏسشࠌآᔆ౨࿇

ሽΔנڣޢ׊Ցᑇۍᆄᕲऱسᔆᗏறࠩᑛ੊Δᑛ੊ሽᐗسشࠌᔆᗏ

றΔݩ֏᧯ੌشࠌڶ 100%ᗏᗈسᔆᗏறΔՈڶፖ໾෗ᗈΔࢨፖ֚ྥ

௛෗ᗈຍ༓ጟীኪΖ 

 

 

ቹ԰Εࠟጟࠌ൓ SC铬 ᤛ໾؈யऱقრቹ 

 

3333----2222 ೶ף೶ף೶ף೶ףรรรร 15151515 ࡻࡻࡻࡻ 2013201320132013     ᄎᤜۊ੺ᅁ׈ᄎᤜۊ੺ᅁ׈ᄎᤜۊ੺ᅁ׈ᄎᤜۊ੺ᅁ׈

ร 15 ࡻ 2013 ᄎᤜ(精orld of Coal Ash 2013 精OCA)Δۊ੺ᅁ׈

ਢطભഏᅁ࠰ۊᄎ ACAA (The American Coal Ash Association)֗

्ᐚഗՕᖂ(The University of Kentucky)౨ᄭᚨشઔߒխ֨ CAE铬 

(Center for Applied Energy 铬esearch)׌ᙄΔڻء 精OCA ᄎᤜΔપ

ڶ 600 Գ೶ፖΔڶ٥ 164 ᒧ֮ີ࿇।Δᄎᤜऱࣉᙰឈ੡׈੺໾ۊᄎᤜΔ

ኔᎾ֮ີ൶ಘऱفܶץፏΕᅁۊ࿛ᗏᅁขسऱࡐ᧯೫ขढઌᣂംᠲऱ
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൶ಘΔ࿇।ऱ֮ີڕॵٙԫقࢬΔ֮ີऱ׌ᠲ׌ױ૞։੡(1)ۊჀઌ

ᣂ(32 ᒧ)Δ(2)ֽࣽ෗ᕩՒ(17 ᒧ)Δ(3)ऄ๵(11 ᒧ)Δ(4)ᛩቼઌᣂ

(10 ᒧ)Δ(5)֏ᖂᣊ(20 ᒧ)Δ(6)شܓᣊ(11 ᒧ)Δ(7)෈֏(6 ᒧ)Δ(吡) 

ልᄐ3)شܓ ᒧ)Δࢬء࿇।ϙProperties of CLSM Separation Dike 

using Coal Ashϙᓵ֮ԫᒧΔڕॵٙԲΔءᒧ֮ີ׌૞ಘᓵᗼ۫ሶ໲

ऱ಻ֺ֗ՠ࿓ࢤᔆᇢ᧭࿨࣠֗ຝ։෼چਜՠൣݮΔᛧ൓ڇ໱լ֟ڃ

ᚨΔՕીᤚ൓٤ᅁۊ൳ࠫ܅ࢤൎ৫ޗற(CLSM)ऱᚨشΔਢԫଡৰړऱ

ᅁנۊሁΔף٦Ղ 200吡 אױΔૉٙࠃऱᄨੌۊჀᅁۊسམ࿇ڣ CLSM

ऱᄗ࢚Δലᅁ֟ףۊၦޗ֏ࡐΔჄۊ࣍ჀΔਝױᏺֽףխᅁۊऱᕩፋ

ԺΔᏺףᚏၴ़ژΔٍࠌױ൓ۊჀՒᔆࠄڶ๺ऱൎ৫ΔঁլીڶᄨੌΕ

ഽჅऱ෼ွΔءᒧ֮ີᛧᙇ 2013 ء௧໴ᓵ֮ᑻΔࠋᄎᤜ່ۊ੺ᅁ׈

ႈዊᥩ࿯ղءઔߒቸၷᄕՕऱቔፘࡉᖿᚐΖ 

ڶ࿇।ऱ֮ີխΔڻء 32 ᒧ֮ີ൶ಘۊჀऱംᠲΔֺࠏઌᅝऱ

೏ΖۊჀᤜᠲհڼڕࠩ࠹אࢬհૹီΔ׌૞ࠩ࠹ 200吡 ڣ 12 ض࣍ۯִ

౏۫ڠ TVA Kingston ־ԺሽᐗհᄳۊڤჀᄨੌΔທګ 0.34Km 2 հۊ

ჀՒ؈ੌچ(ڕቹԼقࢬ)Δ4,200,000 m 3 ऱᅁۊᑠޱᄤՀཾڛاΔ෕

Ա޲ 400 ૎ఋՒچ(ڕቹԼԫقࢬ)ΔՈੌၞԱ Emory and Clinch ࣾ

ੌ(ຍਢض౏۫ࣾऱ֭ੌ)(ڕቹԼԲقࢬ)ΔຍਢભഏছڶآࢬऱۊჀ

ᄨੌٙࠃ๵ᑓΔ௅ᖕᓳ਷Δຍٙࠃڻඈ࣋Ա 140,000 ᒓऱన۟ Emory 

ࣾੌխΔࠟ଍࣍ભഏڶࢬሽᐗඈԵࣾੌխऱనΔԾ່طᄅ TVA ሽᐗ༼

ಬભഏᛩঅᆟऱ"The new Toxics 铬elease Inventory (T铬I) dataϙΔ

TVA ሽᐗຍ٥᜔ٙࠃڻඈ࣋Ա 2.66 ᆄᒓऱۍ 10 ጟ੅ࢤढᔆ:నΕᔵΕ

卲ΕᎭΕሩΕᙐΕޤΕ᠛ΕວࡉᔫΔຍԾֺ 2007 ᓳ਷٤ભሽᐗඈڣ

࣋ 2.04 ದԱભ֧ٙࠃڻຍڼڂΖڍ๺נૹ८᥆ၦԾ೏ࢤᆄᕲऱ੅ۍ

ഏᛩঅᆟᄕՕऱૹီΔլႛक़ᄕՕऱᆖ၄堚෻ੌנऱᅁۊΔኙ࣍ᅁۊ

ኙᛩቼऱᓢᚰΔ֧ڻ٦ದᣂࣹΔڶᣂۊჀऱጥ෻ΔՈࣹދઌᅝऱԳԺ

ղאᐉშေ۷ΔڻءڼڂᄎᤜڶᣂۊჀऱᤜᠲઔಘΔᑷ࿮ॺൄΖ 



15 
 

 

 

 

 

 

ቹԼΕTVA  ჀഽჅሶ֚հ़ᅃቹۊ

 

 

 

 

 

 

 

 

 

ቹԼԫΕۊჀഽჅޱᄤڛا 

 

 

ቹԼԲΕTVA ሽᐗۊჀᄨੌ৵ն֚ Clinch and Emory ࣾੌխս

 ೯ထੌۊᅁڶ

 

੡ڂ TVA ֏ᄕࠟسऱං೯Δขشܓۊᅁ࣍൓ભഏኙࠌΔٙࠃჀۊ

ऱ઎ऄΔᛩঅԳՓኙ࣍ᅁۊኙᛩቼऱٲ୭ΔڶژጊᐞΔኙ࣍ᅁشܓۊ

ආለঅښऱኪ৫Δ׼ԫ੔ঞీڇᇷᄭشܓΕᆏ౨྇ጙऱᨠរΔለᗨᄕ

ऱං೯ᅁۊᇷᄭ֏ऱشܓΔຍటਢᛩቼፖ࿇୶ऱࠟᣄᤜᠲΔᅁࡳؘۊ

ᙟထᗏᅁขسΔۊऱڇژՈؘႊװ๠෻Δፖࠡං࣋๠ᆜΔທګጥ෻Ղ

ऱܺឫΔૉױᗨᄕشܓΔঁ֟྇ױ๠෻ᡓՕۊၦऱܺቼΔᅁۊਝڶࠌ
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ฃ೏࣍ԫ౳Ւᣦऱૹ८᥆ܶၦΔૉࡐֽࣽא֏፹܂෗ᕩՒऱֱڤᚨ

ֽ֟྇ڼڂױኙᛩቼऱᓢᚰΔՈ֟྇ױՕՕऱ྇֟ΔᚨױנΔࠡᄫش

 ऱΖؾၦΔሒࠩᆏ౨྇ጙऱᛩঅشࣽ

ڶ؆׼ 6 ᒧ֮ີ൶ಘᛘۊڤჀ෈֏ംᠲऱ֮ີΔOhio state 

university ੡ᅁڂ෈֏۩੡Δۊኔ᧭৛ၞ۩Կၗᇢ᧭Δ൶ಘᅁڇࠀ

றΔޗឍศၴᕩፋԺऱڶ޲٤ݙΔਢԫଡٵᄕՕऱլڶፖԫ౳Ւᣦۊ

ऱޏچჀۊ۩ছၞؾ৛ءΔٵլࢬڶ෈֏۩੡ፖԫ౳ՒᣦՈᄎࠡڼڂ

෈֏։࣫Δᚨشܓױኔ᧭৛ऱ࿨࣠Δპᨠࢤᔆ൶ಘΔֺאףኙ᧭ᢞΔ

 Աᇞ൶ಘΖ۩ၞߒኙઌᣂઔޡଖ൓ၞԫڼڂ

ᄎխڶ༓ᒧᑛ੊ᅁۊ๵ᒤംᠲ൶ಘऱ֮ີΔᑛ੊سขऱଆۊΔޢ

ڶપڣ 6 Δ੡(قࢬቹԼԿڕ)෗ᕩՒ࣍شࠌΔתၦԫشܓ۾ᆄᕲΔۍ

Աڂᚨسᔆ౨ऱ෗ᗈଆۊऱشܓΔ2005 ෗ᕩՒ࣍شܓۊଥૡԱᅁڣ

ऱ๵ᒤ EN 450-1:2005ΔૡࡳଆۊԽ܂་ࢤᔆޗறᔞٽ EN206-I type

҈հ෌ףΔࠡ SiO2 ܶၦ۟֟ 25%Δ෗ᗈֺࠏլױ၌נ 20%(by dry 

mass)Δۊ։ၦլױՕ࣍ 10%Δ෗ᗈլ֗݃ࡑܶץՠᄐᐒඵढհྡ֏

ለᣤ௑:Clޣ։૞ګΔ֏ᖂۊ -<0.1%ΔSO3<3%ΔFree CaO <2.5%Δ

SiO2>25%ΔSiO2+Fe2O3+Al2O3>70%ΔNa2O<5%ΔMgO<4%Δױᄫࢤհ

P2O5<100ppmΖ 

ቹԼԿΕ1993 ۟ 2009 ᑛ੊ଆشܓۊၦፖشܓຜஉ 

 

2012 ࣍ऱᓳ೏෗ᗈऱֺ෷Δᅁլ൓՛ޡԫၞڣ 60%Δٍسܛᔆ౨

෗ᗈၦױሒ 40%(೓ૹֺ)Δૉ෗ᗈጸֵۥᙰঞױሒ 50%Δ܀᥆س࣍ᔆ

౨ขسऱۊլױՕ࣍ 30%Ζ܀ᗏᗈऱس᧯ࡐᔆᗏறؘႊฤٽ EN 

145吡吡:2010 ऱ๵ࡳΔࠡխܶץԱఌडᄐऱྲྀఎढΔլܶץ 4.52, 4.132

ࡉ 4.17 ऱᐒֵᙰΔEN 145吡吡:2010 ಾኙլسٵᔆᗏறૻࠫࠡሧΕၩ

֗ᛷ௜֏ढܶၦΔઌኙऱΔ෗ᗈขנऱଆࢤۊᔆ૞ڕޣ।ԫ֗।Բࢬ

ΔֺದࡳऱૻڍΔৰق 2005 ᐈΔ֏ᖂܶၦऱૻଖΔ࣋אऱ๵ᒤຟղڣ
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ՈڼڕΔආ࠷ᄭᙰՈ༉ਢسᔆ౨ऱଆګۊ։ጥࠫΔڶᣂ free ௜֏ၩ

ঞૻࡳՕ࣍ 1.5%Δؘႊၞ۩೜৫ᇢ᧭Ζ 

 

।ԫΕ2005 ፖ 2012 EN450 ऱ։ᣊፖ૞ֺޣለ(ԫ) 

 

 

 

।ԲΕ2005 ፖ 2012 EN450 ऱ։ᣊፖ૞ֺޣለ(Բ ) 

ᑛᅩ੡Աଥޏ๵ᒤၞ۩ऱઌᣂઔڕߒቹԼ؄ΕԼն֗ԼքقࢬΔ

क़၄ࢬ᧭ᣂᇢڶ۩ၞچΔᗨᄕشܓۊᔆ౨෗ᗈऱଆسᑛᅩ੡Աנ઎ױ

ऱՠ֛Δᇢ᧭ऱႈؾೈԱ֏ᖂګ։ኙ෗ᕩՒᐙ᥼Δسढխ௽ګڶ։ऱ

൶ಘΔᇢ᧭ֱऄऱ։࣫Δࣹ݁ދઌᅝऱᇷᄭΔאףᑢ堚ΔᒔࢤࠡࡳᔆΔ

ֱၞ۩๵ᒤऱଥૡΖᄎխམፖ໴ܫԳᑛ੊ᗏᅁขढᖂᄎ(European 

Coal Combustion Products Association ecoba)ஂ׌ Fernando 

Caldas Vieira س٣ಘᓵڶᣂᑛ੊ଆۊ෗ᕩՒ๵ᒤଥޏᆖ᧭Δᑛ੊ਢ

ڶഏ୮ٺಬ۟ۊऱଆسᑉழլղກഇΔലขۊᔆ౨ऱ෗ᗈΔଆس٣ၞ

ᣂऱኔ᧭৛ၞ۩ؘ૞ऱ෗ᕩՒࢤᔆ൶ಘΔნᖞᇢ᧭࿨࣠Δאףࠀ։

࣫Δթၞ۩๵ᒤऱଥૡΔຍᑌऱੌ࿓Δଖ൓ءֆ׹೶ەΖس۩ၞࢬء

ᔆ෗ᗈଆۊऱ CNS ๵ᒤଥૡՠ܂Δٍലࠉᖕᑛ੊ᆖ᧭Δઔૡ๵ᒤ࿜ฃ

ऱ࿜ฃΖ 

 

ቹԼ؄Ε੡Աଥޏ๵ᒤၞ۩հ Free CaO ፖ೜৫ᣂএቹ 

 

 

 

ቹԼնΕۊ։խ٤ᛷፖᄫᇞᛷհᣂএቹ 
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ቹԼքΕᛘڤऄፖ೓ڤऄ։࣫נऱ 45µM ྲྀ塒ၦऱֺለ࿨࣠ 

 

 

EN-206 ঞ๵ᒤԱ᣷فፖॺۊ࿛ं౉ᥞޗற෌࣍ף෗ᕩՒऱ๵

ᒤΔܶץ෌ࠏֺףΕֺֽ֗ۊլٵᑊ᥻යٙՀऱ෌ൣףउΖEN 132吡2

ঞ๵ࡳԱଶࢤሐሁऱֽࣽഗऱᓄ࿨றشࠌΔૉंڶ౉ᥞޗறऱ෌ףΔ

ྒྷᇢ᤿ཚ࢏ױ९۟ 56 ֚Δ༄ܶ௜֏ၩऱ CF噻 ᣷ۊΔڇኔ᧭৛ᒔᎁࢤ

ᔆྤᇄऱൣउՀΔشܓאףױΔڼႈ๵ڇࡳ UAP 吡/2012 ਢլ๯ւ๺

ऱΖEN 14227 ऱۊᣂሐሁϘHydraulically 噻ound MixturesϘଆڶ

෌ףΔ֗෌ףଆۊऱढ෻֏ᖂࢤᔆ๵ᒤ(Part 4 Δpart 13(قࢬ।Կڕ

ऱଆ܂ۊ੡Ւᣦհ๵ᒤؾছڇᐉᤜᅝխΖ׼؆ᝫڶ EN 12620 

aggregates for concreteΕEN 13043 aggregates or bituminous 

mixtures and surface treatmentsΕEN 13139 aggregates for 

mortarsΕEN 13242 aggregates for unbound and hydraulically 

bound materials ֗ EN 13055 for lightweight aggregates ࿛ፖᅁ

ᑛ੊נ઎ױڼطऱၸ੄Ζګݙ׏२ࠀᐉᤜڇᣂऱ๵ᒤڶشܓ֏ᇷᄭۊ

ኙ࣍ᅁۊᇷᄭ֏شܓऱං೯ΔઌኙભഏਢޓᗨᄕፖܘԺऱΖ 

 

�  
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।ԿΕ܂੡ሐሁشࠌհଆۊढ෻֏ᖂࢤᔆ๵ᒤ 

�  

3333----3333     ๬ݾᖲ೏։՗٠ሽڶ๬ݾᖲ೏։՗٠ሽڶ๬ݾᖲ೏։՗٠ሽڶ๬ݾᖲ೏։՗٠ሽڶ

 

೏։՗ᖲ٠ሽޗற੡ԫጟࠠᖄሽࢤऱ೏։՗ፋٽढΔԾጠᖄሽႿᓄፖ

ᖄሽႿறΔ່១໢ऱࠏ՗ਢፋԬ᳈Ζᅝ೏։՗࿨ዌᖑ࢏ڶ९٥຋ᠨ᝶ΔӸ

૩഑᝶ሽ՗լ࠹଺՗ޔᗻΔ౨ڇፋٽᢸՂ۞طฝ೯Δᆖመኾᠧ৵Δױฝߨ

ሽ՗ل़ګسΔࢨ෌ףሽ՗Δࠌሽ՗ڇل़ࢨ։՗ᢸՂ۞طฝ೯Δൕۖݮ

ፋኙ૖ԬࡉܪΕፋ૖₏Εፋ㤳ষΕፋ䍣ڶढٽऱᖄሽፋߠᖄሽ։՗Ζൄګ

෮Δ֗א،ଚऱ૜سढΖ 

ඝشאױ፹࿓Ղለ១໢ΔቝਢڇढٽΔᖄሽፋࠐறֺದޗႚอྤᖲࡉ

᠏Ⴡࢨ܉ᏴᕠڤΔڇ଺றࡉ፹࿓ՂຟለঁࡵΔॣދࡨᇷ(৬ᐗ)ءګլشቝ

ྤᖲޗறᏁ૞Լ༓Ꮩભ८אՂΔࢤᔆՂঞױڶቘࢤΔױ፹೚ᜳګᓂणΔؾ

ছࢤᔆբױಳՂྤࡳীशདྷޗறΖᖄሽፋٽढൄ๯࣍شሽԺᇘᆜΔڕࠏሽ

ױߒ୴ઔ࣋ढհ٠՗ٽᖄሽፋڇխऱሽᄕΔሽᇞሽ୲ᕴ֗ሽ՗ტᚨᕴΔۃ

౨ࠌᖄሽፋٽढ࣍شױࠐآڇ࿇٠Բᄕ᧯ (LED) ق᧩૿ؓࡉᕴΖᖄሽፋ

 ሽ՗ᇘᆜփऱψ։՗ሽᒵωΖ్ۏ࡜ڇᇘڜ੡ګױढٍٽ

ભഏ౨ᄭຝ٣ၞ౨ᄭઔߒխ֨(EF铬C Energy Frontier 铬esearch 

Center)ࣹދઌᅝڍऱᆖ၄ၞ۩೏։՗ഗ٠஢ᛧޗற(Polymer-噻ased 

Materials for Harvesting Solar Energy PHaSE)ઔ࿇ૠ྽Δ׌૞։੡Κ

(1)೏։՗๻ૠ֗ݾګٽ๬Δ(2)൳ࠫցٙ֗ীኪઔ࿇Ε(3)ᇘᆜ๻ૠᖞٽ

հ٠ሽ௽ࢤઔ࿇Ζءૠ྽ط຾مڠڠՕᖂᖞٽ๵ቤΔࠡؾऱݦඨ౨ᏺ֜ף

ၺ٠ऱं९൅گܮΔא༼೏᠏ངய෷Ζ 
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؄؄؄؄ΕΕΕΕ֨൓֨൓֨൓֨൓    
 

ѾΕ ڇഏנڻء  2013  ᄎᤜ 精OCA (精orld of Coal Ash)ۊ੺ᅁ׈

ᄎᤜխ࿇।հ  "Properties of CLSM Separation Dike using 

Coal Ash"ԫ֮ᛧ൓່ࠋ Poster ᓵ֮ᑻΔ֮ءփ୲׌૞ಘᓵᒵ۫

ሶ໲ऱ಻ֺ֗ՠ࿓ࢤᔆᇢ᧭࿨࣠֗ຝ։෼چਜՠൣݮΔ෼໱Ոᛧ

൓ઌᅝڍऱ्ࡳΔז।٤ᅁۊ൳ࠫ܅ࢤൎ৫ޗற(CLSM)ऱᚨشΔ

ኙ෗ᕩՒشܓլݙऱᅁۊΔਢԫଡৰړऱנሁΖ 

ѿΕ  ભഏ TVA ሽᐗ࣍ 200吡 ࿇ۊسჀഽᡏٙࠃΔທګᄕՕऱᛩቼہ

਩Δࠌڼڂ൓ભഏ२༓ࠐڣኙᅁۊऱشܓං೯অښ᠃შΔ܀Ոڶ

ܓ֏ऱᇷᄭۊᆏપᇷᄭऱᨠរՂΔᄕԺං೯ᅁڇԫैႨԺΔీ׼

ᗏᅁ࿇ሽऱشࠌႊؘڇΔسᙟထᗏᅁขࡳؘۊΖଡԳᎁ੡Κᅁش

ጥ෻Ղऱګ๠ᆜΔທ࣋๠෻ΔፖࠡංװՈؘႊڇژऱۊՀΔݮൣ

ܺឫΔૉױᗨᄕشܓΔঁ֟྇ױ๠෻ᡓՕۊၦऱक़၄֗ጥ෻ܺ

ቼΔᅁۊਝڶࠌฃ೏࣍ԫ౳Ւᣦऱૹ८᥆ܶၦΔૉࡐֽࣽא֏፹

ኙᛩቼऱ֟྇ױΔᚨ܅ՕՕऱ૾ױנΔࠡᄫشᚨڤ෗ᕩՒऱֱ܂

ᓢᚰΔՈشֽࣽ֟྇ڼڂױၦΔሒࠩᆏ౨྇ጙፖ྇֟ᇷᄭၲ࿇ᛩ

অᠨᤢऱ࿨࣠Ζ 

ҀΕ  ᛘۊڤჀऱຌஇچᒌທګԱ TVA ऱഽჅᄨੌٙࠃΔ༼ᙌԱݺ

ଚΔᅁࣽאۊᑠڤֱੌ࣋ΔჄԵۊჀΔਢױܡᔾΛՕׂᠾຌԾྤ

ᕩፋԺऱՒᣦΔૉၞڇױԵۊჀছΔאܛ CLSM ऱᄗ࢚ΔףԵ֟

ၦऱޗ֏ࡐΔჄۊ࣍ჀΔਝױᏺֽףխᅁۊऱᕩፋԺΔᏺףᚏژ

़ၴΔٍࠌױ൓ۊჀՒᔆࠄڶ๺ऱൎ৫ΔঁլીڶᄨੌΕഽჅऱ

෼ွΔૉᏁՒشܓ٦چழΔՈլႊᆖመ၄ழԾ၄ՠऱޏچመ࿓Ζ 

ҁΕ ڶڻء  6 ᒧ֮ີ൶ಘᛘۊڤჀ෈֏ംᠲऱ֮ີΔOhio state 

university ছၞؾ৛ء෈֏۩੡Δۊኔ᧭৛ၞ۩ᇢ᧭൶ಘᅁڇࠀ

੡ֺኙ᧭ᢞΔᏅ܂ױऱ෈֏։࣫Δኔ᧭৛ऱ࿨࣠ΔᚨޏچჀۊ۩
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ଖ൓ၞԫޡԱᇞ൶ಘΖ 

҂Ε Δᑛ੊ᆖ᧭Ι᝹᣷෗ᗈ৵ߒठઔޏհشܓۊᔆᗏற෗ᗈᅁس 

ऱۊΔگႃಬٌٺഏၞ۩ઌᣂऱ෗ᕩՒࢤᔆᇢ᧭Δٺႈᇢ᧭࿨

࣠Δಬ๵ᒤࡡ୉ᄎᐉᤜΔၞ۩๵ᒤऱଥޏΔᇡาऱੌ࿓֗ᇢ᧭ႈ

։ፖګհۊᔆᗏற෗ᗈଆسϙ۩ၞࢬء੡܂ԱᇞΔچޡലၞԫؾ

౨։࣫֗ࢤ CNS3036  Ζەϙհ೶ߒठઔޏ

҃Ε Օຬഔࠐڣᄎᤜ໱խፖխഏՕຬઌᣂԳ୉ٌੌԱᇞΔ२༓ڇ 

೯ᅁۊᇷᄭ֏شܓॺൄᗨᄕΔشܓ෷ՈᏺףઌᅝऱݶΔೈ࣍شܓ

ԫ౳ऱֽࣽ፹঴؆ΔՈᗨᄕऱઔ࿇೏Ꮭ֏ऱشܓΔא৮ᇖೣ᎛چ

೴ᗏᅁ࿇ሽขسऱᅁشܓۊ෷ೣ܅ऱംᠲΔ໌ທ೏Ꮭ֏ऱشܓΔ

ข঴ၲۊ೏Ꮭ֏ᅁ࣍ΔኙߩԳԺլڂࢬءᇖ၀᎛၏ऱሎ၄Ζױ

࿇ΔދآԵԳԺઔ࿇Δኔ᥆ױ൦Ζ 

҄Ε  EP铬I མᆖၞ۩ઌᣂઔߒΔ5%سᔆᗏற෗ᗈኙ PC ᝹᣷ਢ OK

ऱΖسཬढխܶऱ F ᄎ੅֏ SC铬 ऱᤛ໾Δᐙ᥼ࠡሎ᠏ኂࡎΖભഏ

ᆄᕲΔEP铬Iۍᔆᗏறࠩᑛ੊ᑇسՑנ མၞ۩سᔆ౨෗ᗈઔߒΔ܀

 ᔆᗏறፖᅁऱ෗ᗈΖسᗨᄕං೯آࠀ

҅Ε  ભഏ EPA ᄅࠫࡳऱᄅ़௛ऄூΔࠫޤࡳऱඈ࣋ᑑᄷΔ2015 ڣ

Ꮑؾ࣍܅ছᑑᄷ 2 ଡ్ᑇΔՈ༉ਢᗏᗈᑷଖ೏࣍ 吡300噻TU/L噻Δޤ

ඈ࣋ᑑᄷ 1.4~1.7µg/NM 3Δ(ؾছ؀᨜ EPA ூ౻࣋ඈޤऱࡳࠫ

5µg/NM3)Δڂᚨڼᣤ௑ऱऄ๵ΔEP铬I ࠌΔߒ๬ઔݾޤႈೈڍ۩ၞ

ऄΔףΔᄽऱ෌ףΚๅท๻ໂऱ֏ᖂऄΔๅท๻ໂऱ෌ڶऱֱऄش

ᄿሐխऱ੒ࢤጙᏴԵऄΔޢጟֱऄ݁ࠡڶ౒រ֗ૻࠫΔڼڂઌᣂ

ऱઔߒսڇᗨᄕၞ۩Ζ 
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ննննΕΕΕΕ৬ᤜࠃႈ৬ᤜࠃႈ৬ᤜࠃႈ৬ᤜࠃႈ    
    

༉ۊڻءჀݼޏچᔼݾ๬ઔ฾֗೶ףร 7 ๬֗ᗏறሽݾ෣ᅁࡻ

 Κە೶ࠎאՀ༓រ৬ᤜאנ༽ഏᎾઔಘᄎऱ֨൓Δۃ

(1)Ε׈੺ᅁۊᄎᤜਢಾኙᗏᅁሽᐗࡐ᧯೫ขढ๠෻ംᠲઔಘऱ

ᄎᤜΔၲࡨऱڰ່זڣΔڣࠟޢᜰᙄԫڻΔվڣร 15 Δᙟထழ़ࡻ

ऱ᠏ฝΔᅁऱشࠌսਢؾছ౨ᄭࠎᚨऱՕࡲΔڼڂᛧ൓Օ୮ᣂࣹऱ࿓

৫Δڶᏺྤ྇Ζᖞ᧯ۖߢΔڶᣂᅁۊᇷᄭ֏ࠏֺشܓΔ؀ሽֆ׹ല२

90%ऱګᜎױᎅઌᅝ႙ԳΔ؀ሽᆖ᧭Δଖ൓׈٤ٻ੺৙ཆΖ 

(2)Εءֆڂ׹੡ං೯٤ᅁۊ൳ࠫ܅ࢤൎ৫ޗறऱᚨشΔۊࢍऱ

ޏױอΔ݁ߓۊנۊࢍԺሽᐗऱ־ڶࢬ׹ֆءΔ৬ᤜףᏺڣՈດشܓ

੡෉ֽۊנΔᏺࠎףᚨၦΔঞᅁۊ  ৱΖױᜎΔലਐֲګऱشܓ100%

(3)Εءֆ־׹Ժሽᐗհޓᄅՠ࿓ΔՕຟڇ෼ڶሽᐗலᢰΔ๺ڍ

Ւ৬ՠ࿓ΔᚨՕԺං೯شࠌᅁۊΔլႛ྇֟ՠ࿓ޗற၄شΔ྇ޗ܅ற

ሎಬֽ֗ࣽشࠌऱጙඈ࣋Δױᎅਢ־Ժሽᐗᆵኔ堚ᑥسขऱࠠ᧯܂

੡Δ٤ᅁۊ CLSM ᚨ࣍شᒵ۫ሶ໲ՠ࿓Δܛਢ່ࠋኔࠏΖ 

(4)Ε200吡 ભഏڣ TVA ሽᐗᛘۊڤჀ࿇سഽჅᄨੌٙࠃΔኙٵᑌ

אჀΔᚨᛀಘۊჀऱ؀ሽۊಬၞۊലᅁڤᑠֱࣽא CLSM ऱᄗ࢚Δല

ᅁ֟ףۊၦޗ֏ࡐΔჄۊ࣍ჀΔਝױᏺֽףխᅁۊऱᕩፋԺΔᏺףՒ

ᔆऱ᡹ࢤࡳΔ྇֟ࠡੌ೯ऱױ౨ࢤΔՈᏺۊףჀऱᚏၴ़ژΔٍࠌױ

൓ۊჀՒᔆࠄڶ๺ऱൎ৫ΔՒشܓچழΔٍլᏁၞ۩၄ழΕ၄Ժऱچ

 Ζޏ

(5)Εس۩ၞࢬءᔆ౨෗ᗈଆۊᚨ࣍ش෗ᕩՒऱઌᣂഏ୮ᑑᄷޏ

ठઔߒΔ༉ᑛ੊ၞפګ۩ઌٵ๵ᒤଥޏऱᆖ᧭Δ੡Ա࠷൓๵ᒤᐉᤜࡡ

୉ᄎࡡ୉ଚऱॾ֨Δ־Ժሽᐗؘႊ٣ၞ۩෗ᗈΔ࠷ࠀ൓ߩജऱ෗ᗈଆ

ױ։࣫৵Δֱٽᔆऱᇢ᧭ΔጵࢤΔၞ۩෗ᕩՒۯ໢ٵΔ։ಬլءᑌۊ

 Ζפࠡຶ
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(6)Εءֆ׹ૉڂጙᦞైڂΔؘႊං೯سᔆ౨ऱ෗ᗈΔᚨޓ壄า

ऱေ۷෗ᗈኙ᝹᣷Εய෷֗ᄿ௛๠෻ທګऱᐙ᥼Δ೚່ࠋ֏։࣫Δᝩ

ԱᇞፖאױଚݺംᠲΔᑛ੊ᆖ᧭ᚨਢהࠡس੡ᇞެጙᦞംᠲΔথ૜܍

யऄऱΖ 
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ABSTRACT 

 

Taiwan Power Company (TPC) plans to substitute sea sand, the traditional 

construction material of ash pond dike, by Coal Ash - Controlled Low Strength 

Material (CA-CLAM) which consists of large amount of coal ash from thermal 

power plants and a little amount of cement. The purpose of such a plan is to 

develop a new utilization approach of coal ash to improve the quality and to 

reduce the cost of the dike construction. As a result, a few basic engineering 

properties of CA-CLAM as used in dike construction at the coastal site with 

shallow seawater are studied in the paper. 

According to the design requirement of 40-60 kgf/cm2 for 28-day compressive 

strength, two mix proportions of CA-CLAM are finally adopted based on a 

series of mix trial tests. The one contains higher ratio of fly ash to bottom ash 

and another higher ratio of bottom ash to fly ash. Afterward, several test items 

are conducted including slump flow, flow cylinder, setting time, compressive 

strength, splitting tensile strength, sulfate attack, one dimensional 

consolidation, influence of dry-wet cycle in seawater together with wave action, 

erosion of wind with coal ash particles, and placement into water. 
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For the given two mix proportions, the 28-day compressive strengths of 

CA-CLAM mixtures are 36.8 kgf/cm2 and 37.1 kgf/cm2, respectively, as flow 

cylinder is 150±5mm. Around 40-day age, their compressive strengths can 

reach 40 kgf/cm2 or more. In additional, their 28-day splitting strengths are 

4.32 kgf/cm2 and 4.14 kgf/cm2, respectively. The two mixtures show good 

resistance to sulfate attack, however, the mixture with higher ratio of fly ash to 

bottom ash has less material segregation than ones with higher ratio of bottom 

ash to fly ash. After a testing period of 90 days, both dry-wet cycle in seawater 

together with wave action, and erosion of wind with coal ash particles do not 

cause the detrimental effect on either the appearance or the strength of 

CA-CLAM mixtures. 

 

INTRODUCTION 

 

Coal ash is the by-product of thermal power generation and, in general, around 

80% of coal ash is fly ash and 20% bottom ash in Taiwan. The Environmental 

Protection Administration in Taiwan has officially announced coal ash as a kind 

of general industrial wastes. Since 1992 the annual production amount of coal 

ash from the thermal power plants of TPC has been more than 1.5-million tons 

and the utilization options of TPC coal ash have included concrete, CLSM, 

highway base, highway pavement, site backfilling, etc. (Hun et al., 2009). Due 

to lower and lower utilization rate together with more and more dumped ash in 

recent years, TPC intends to construct an ash pond at the Chung-Hua Coastal 

Industrial Park for the ash treatment of Taichung thermal power plant and to 

build a separation dike of 1,570 m in length for the construction need of ash 

pond. The site of the dike locates at a near-ocean area generally with 2-m 

deep seawater. 

Recently, Taiwan Power Research Institute (TPRI) of TPC has actively 

implemented the study in light of CLSM (Quo et al., 2009; Quo et al., 2008) 

and obtained viable application in the backfilling of pipe trench (Quo et al., 

2011). To cope with the above-mentioned dike construction, TPRI undertakes 

a comprehensive follow-up program to study the suitable mix proportion, 

material placement, engineering properties of CA-CLAM mixtures both in the 

lab with simulated site condition and at outdoor similar sites. These results are 

provided for the dike construction plan at a site with shallow seawater. This 

paper aims to make a brief introduction in terms of lab test results as well as 

site on-going construction. 
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EXPERIMENTAL DESIGN 

 

Experimental parameters 

To develop the CA-CLAM meeting economy as well as construction 

requirements, as above-mentioned, TPRI has executed a series tests on mix 

proportions and on the relevant basic engineering properties under the given 

28-day compressive strength of 40-60 kgf/cm2. The test results indicate that 

CA-CLAM mixtures with more bottom ash have lower strength but the lower 

strength can be offset by using more cement. Taking into account of design 

requirements for the part of dike beyond seawater possible different from that 

below seawater, two mix proportions which meet the strength requirement are 

then selected in the paper to further evaluate more of their engineering 

characteristics. As shown in Table 1, No 1 CA-CLAM contains higher ratio of fly 

ash to bottom ash and No 2 CA-CLAM higher ratio of bottom ash to fly ash. 

 

Experimental materials 

The physical as well as chemical properties of experimental materials used in 

the paper are briefly introduced as follows: 

1. Cement: Type 1 Portland cement produced by Taiwan Cement 

Corporation meets ASTM C150 standard. 

2. Fly ash: The chemical properties of class F fly ash from Taichung 

thermal power plant are shown in Table 2. 

3. Bottom ash: A few chemical properties and physical properties of 

bottom ash from Taichung thermal power plant are listed in Table 2 and 

Table 3, respectively. 

4. Mixing water:  

(1) Fresh water: Tap water meets CNS3090 standard. 

(2) Seawater: The water from Linkou thermal power plant has 0.8% of 

salt content. 

Table 1 Two CLSM mix proportions 

Type Mix parameters Mix amount (kg/m3) Unit weight (kg/m3) 

No 1 

CA-CLAM 

Water/Cement ratio 3.945 Cement 103 

1,668 

Cement/Coal ash 

ratio 
0.085 Fly ash 730 

Bottom ash/Coal 

ash ratio 
0.4 Bottom ash 487 

－ － Water 409 
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No 2 

CA-CLAM 

Water/Cement ratio 3.323 Cement 124 

1,647 

Cement/Coal ash 

ratio 
0.105 Fly ash 450 

Bottom ash/Coal 

ash ratio 
0.62 Bottom ash 734 

－ － Water 413 

Table 2 Chemical properties of fly ash and bottom ash 

Table 3 Physical properties of bottom ash 
Sieve No. 1/2" 3/8" #4 #8 #16 #30 #50 #100 base 

Residue weight percentage 2 1 8 25 20 9 8 10 18 
Specific gravity=2.13; Water absorption (%)=3.4; Fineness（FM）=3.22 

 

Experimental items and apparatus 

A few fresh mixture properties, hardened mixture properties and durability 

such as workability, setting time, strength, resistance to sulfate attack are 

investigated in the paper. The relevant test standards and test apparatuses are 

presented as follows: 

1. Workability: Slump flow and flow cylinder are evaluated in accordance 

with ASTM-C143-98 and ASTM-D6103-97, respectively. 

2. Setting time: Both initial and final setting time are measured based on 

ASTM-C403. 

3. Strength: According to ASTM-D4832-95 and ASTM-C469-96, 

compressive strength and splitting tensile strength are evaluated, 

respectively, at the age of 7, 14, 28, 56 and 90 days. 

Specimen No. Bottom ash Fly ash 

Water content (%) 0.22 0.45 

Dry basis 

LOI (%) 6.2 7.6 

SiO2 (%) 59.3 52.2 

Al2O3 (%) 19.4 19.5 

Fe2O3 (%)） 9.5 7.4 

CaO (%) 2.8 5.3 

MgO (%) 0.76 1.83 

Na2O (%) 0.19 0.75 

K2O (%) 0.76 1.18 

SO2 (%) 0.55 1.03 

PH Value 9.6 11.7 
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4. Sulfate attack: After 28-day curing, the resistance of CA-CLAM 

specimens to sulfate attack is studied by ASTM-C1012. 

5. Influence of dry-wet cycle in seawater together with wave action: A 

self-designed equipment shown in Figure 1 is made to simulate the 

change of seawater level and the action of wave by wind at the ash 

pond. Each cycle takes 8 minutes. After mold removal, specimens are 

placed in the tanks. The strength at the age of 1, 14, 28, 56 and 90 days 

are checked. 

 

Figure 1 Dry-wet cycle test 

6. Erosion of wind with coal ash particles: A self-designed equipment 

shown in Figure 2 is made to simulate the action of sand on specimen 

surface caused by strong wind with minimal speed of 20m/s. After mold 

removal, specimens are placed in the device. The change of 

appearance and weight of specimens are observed and measured at 

the age of 1, 14, 28, 56 and 90 days. 

 

Figure 2 Erosion test of wind with coal ash particles 

7. CLSM placing into water: A self-designed equipment with the size 

150*150*20 cm shown in Figure 3 is made to simulate the placement of 

CA-CLAM into seawater in ash pond. Both the motion of CA-CLAM in 

the transparent tank and the segregation of CA-CLAM are observed. 

After a period of 28 days, then cores are taken at different parts of the 

solid block to investigate their compressive strength. 

 

No 1 CA-CLAM No 2 CA-CLAM 
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Figure 3 Acrylic apparatus for placement test into water 

 

TEST RESULTS AND DISCUSSION 

 

Workability 

The workability of No 1 CA-CLAM and No 2 CA-CLAM is shown in Table 4. 

The purpose of slump flow test is to understand the flow ability of mixture. 

According to the results of slump flow test, No 1 mixture which has higher fly 

ash content exhibits inferior performance to No. 2. Because the particle size of 

fly ash is finer than that of bottom ash, fly ash having more surface area can 

absorb more mixing water, leading to poor flowability. The purpose of slump 

flow test is to realize the placeability of mixture. According to the results of flow 

cylinder test, both mixtures have good placeability to meet design requirement 

of 150mm. Taking into account of cost, surfactant is not adopted in the paper. 

Table 4 The properties of fresh and hardened CA-CLAM mistures 

Item 

workability 

(mm) 

compressive strength 

(kgf/m2) 

splitting tensile strength 

(kgf/m2) 

slump 

flow 

flow 

cylinder 
7 d 14 d 28 d 56 d 90 d 7 d 14 d 28 d 56 d 90 d 

No.1 300 155 18.9 30.5 36.8 44.0 49.8 2.9 3.8 4.3 5.1 5.3 

No.2 400 165 20.1 28.6 37.1 37.4 47.0 3.1 3.8 4.1 4.6 4.8 

 

Setting time 

The setting times of No 1 CA-CLAM and No 2 CA-CLAM are illustrated in 

Figure 4. The cement content of No 2 mixture is 124kg/m3, higher 

than103kg/m3 of No 1. Also, the ratio of water to cement of No 2 mixture is 

lower than that of No 1. As a result, No 2 mixture exhibits faster setting 

behavior. The initial and final setting times of No 2 mixture are 5hr (400psi) and 

16hr (4000psi), respectively faster than 8hr and 18hr of No 1. 
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Figure 4 Setting time of No 1 CA-CLAM and No 2 CA-CLAM 

Strength 

The compressive strength and splitting tensile strength of the CA-CLAM 

mixtures are listed in Table 4 and plotted in Figure 5 and Figure 6. As 

compared to No 2 mixture, based on Figure 5, No 1 has lower early 

compressive strength but higher at later age. It can be explained that No 1 

contains less amount of cement, resulting in lower early strength, and contains 

less bottom ash which is porous as well as brittle material, leading to higher 

strength at later age. As to splitting tensile strength, based on Figure 6, similar 

results to compressive strength can be observed. 
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Figure 5 The development of compressive strength 
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Figure 6 The development of splitting tensile strength 

Sulfate attack 

The weight variation of the CA-CLAM mixtures during sulfate attack test is 

presented in Figure 7. As seen, both mixtures have similar weight variation and 

specimen weight is increased with cycle no. Although the weight is increased 

20% at the end of cycle 15, specimens still have as good as original 

appearance. It can be explained that the specific weight of CA-CLAM mixture 

is much lower than that of normal concrete, implying more pores in CA-CLAM 

mixture. During test, sulfate salt crystallization can occupy these pores, 

leading to no collapse by swelling. 
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Figure 7 Weight variation during sulfate attack test 

 

Influence of dry-wet cycle in seawater together with wave action 

The compressive strength development of the CA-CLAM mixtures during the 

influence test of dry-wet cycle in seawater together with wave action is given in 

Figure 8. The test results show that such compressive strength is higher, 

averagely 16%, than that of specimen under normal curing condition. The 

reason is chloride in seawater which is used as soaking water during the test 

can enhance the strength development. 

 

Erosion of wind with coal ash particles 

The weight variation of the CA-CLAM mixtures during erosion test of wind with 

coal ash particles is shown in Figure 9. As observed, weight loss is same for 

both mixtures and weight loss can reach 22% at 14 days. In the paper to 

simulate the site condition and to prevent the damage to strength from drying, 

specimens are not dried in the beginning of test. It is clear that early significant 

weight loss results from the loss of moisture inside specimens and from the 

loss of surface due to significant bleeding. After 14 days, the extra weight loss 

is kept around 0.5%, indicating no severe erosion of wind with coal ash 

particles to CA-CLAM mixtures. 
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Figure 8 Compressive strength development during the influence test of 

dry-wet cycle in seawater together with wave action 
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Figure 9 Weight variation during erosion test of wind with coal ash particles 

Placement into water 

After 28 days of placement, as shown in Figure 10, acrylic tank is removed and 

a few cores are taken to be investigated their compressive strength. Since 

CA-CLAM is placed at one fixed corner, it results in significant material 

segregation due to different particle weight of fly ash and bottom ash. 

Especially for No 2 CA-CLAM with more bottom ash, even some cores cannot 

be taken at the part of the block with little of fly ash. 

 

 

Figure 10 CA-CLAM block 

 

CONCLUSIONS AND ON-GOING CONSTRUCTION 

 

Conclusions 

Based on the above experimental materials and methods, the conclusions are 

obtained as follows: 

1. The 28-day compressive strength of CA-CLAM made by a little amount 

of cement as well as large amount of coal and mixed by fresh water can 

be higher than 35 kgf/cm2. After 40 days, the compressive strength can 

be higher than 40kgf/cm2 and splitting tensile strength higher than 4 

kgf/cm2. 

2. CA-CLAM mixtures show great resistance to sulfate attack without any 

collapse after 15 cycles. 

3. Out of consideration of the initial moisture loss inside specimen and 

surface weight loss resulting from bleeding, the weight loss remains 

0.5% in the period of 14 days to 90 days, indicating no severe erosion of 

wind with coal ash particles to CA-CLAM mixtures. 

4. In case of placement into water, CA-CLAM with more fly ash exhibits 

better performance to reduce material segregation in water. 

5. CA-CLAM made by a little amount of cement as well as large amount of 

coal ash and mixed by fresh water can be used in dike construction to 

save the consumption of natural materials such as gravel and sand 

which are traditional materials in dike construction. 

 

On-going construction 

Based on the test results of a comprehensive CA-CLAM program conducted 

by TPRI, CA-CLAM made by a little amount of cement as well as large amount 
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of coal ash and mixed by fresh water has been used in a separation dike 

construction at the Chung-Hua Coastal Industrial Park since 2012. The dike is 

1570 m in length, 6m in height, and 10m as well as 20m in breadth for top 

section and bottom section, respectively. Lots of blocks are also fabricated by 

CA-CLAM used as mold during placement, as Figure11 shows. 

 

Figure 11 Photos of construction site 

 

REFERENCE 

 

[1]   Meng-Feng Hung , Cheng-I Lai , Jan-Cyuan Syu ,Lih-Wen Quo , 

Chao-Lung Hwang and, Cheng-I Huang, A Study on the Replacement of 

Fine Aggregate by Coal-fired Bottom Ash in Concrete, TCI 2009 

Conference on Concrete Engineering Paper No. A-007. 

[2]   Lih-Wen Quo , R. B. Zeng , Hui-Jen Chiu, Jan-Cyuan Syu and Cheng-I 

Lai, The Study of Using Fly Ash and Bottom Ash in Controlled Low 

Strength Concrete, TCI 2009 Conference on Concrete Engineering Paper 

No. N-02. 

[3]   Lih-Wen Quo , R. B. Zeng , Hui-Jen Chiu ,and Jan-Cyuan Syu, Coal Ash 

Used as the Controlled Low Strength Material Site Test, Taiwan power 

company - power research institute test report, 2008. 



47 
 

[4]   Lih-Wen Quo, Mao-Jung Lin，Cheng-I Lai, Yuan-Yi Yen, Meng-Pei 

Yang and Chao-Lung Hwang, A Study on the Engineering Properties of 

CLSM Inner Embankment Made of Pure Coal-fired Ash, TCI 2011 

Conference on Concrete Engineering Paper No. A-001. 

 

 

 


