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东山八尺门海堤开口水动力及冲淤影响数值研究

万艳

（福建省水产设计院，福建 福州 350003）

摘 要：使用区域海洋模式建立了东山湾—诏安湾海域三维水动力
泥沙耦合模式，通过比较实

测数据和模式计算的潮流场数据，验证了模式的模拟效果。在此基础上，用数值模式模拟了八尺

门海堤开口前后的水动力特征、泥沙冲淤分布特征及变化情况。结果表明：海堤开口后，八尺门东

侧水道流速增大，西侧水道流速减小，汇潮线西移，从而使八尺门东侧水道从淤积区域转化为冲刷

区域，西侧水道从冲刷区域转化为淤积区域。海堤开口后八尺门水道的余流从东山湾流向诏安

湾，使东山湾和诏安湾的海水半交换周期减少，八尺门附近的水动力环境有改善。
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1 引言

ၿ̅Ӧ᫆࠯海ັᄉපͳ໔႐ௐᫍᣖ᫁Ὃප̓૰

֖ыӐᑞҦᣖिὋ̠ ዜาҮᮟጒὋܷ ᦉѫ海ັѢဗ

˿ː᧗ᄉࠜᖸШӐǋප᠎ৎӐ֖ၶখጆፑᤝӐኍ᫇

ᮤǌࡉክ᝴ܲڠ֖ࠑڍழஊउࣂፂधࡘ˿ᄰःᄉ

ဖγᛠҮὋͭ ᝿ͤФࠪපဖܑԪӐᄉథ஌বᭉ᜵᫁

యᄉᄢ฽੾శ֖ஜ૵ஂ૆[1]ǌ

̯ʿՎᝇऎԺ̾ࠪ海ප̓૰ညᤈᛠʿՎ߿˦ǌ

PARKERኍ[2]߿˦˿๨໼ௐึЙັЮᄉ海ප˖դኃ

ʶ൒ᤈЙັЮᄉܰ海පᄉඊည˝海ප̓૰ညǌ౻

̋ន[3]Ѷ̯ึѢᏥᘼὋԀᖿ໼ௐึѢපդኃʶ൒ึ

ѢັܰᄉັЮපᄉඊည˝海ප̓૰ညǌ௉య̠͂

᤯᣾ࠃ฽ஜ૵᝟ኪ海ප̓૰ညǌᤂࣱ౎ၿ̅ஜϘ

᝟ኪᄉТᡐὋࣛ ҮڍЮܰߥᏧࠪʶ̎海ັͺ˿໼ึ

֖෉౿ྫྷੰ஘᣾ርᄉஜϘഴ઱Ὃᆐቂழก˞᜵Ӊહ

኷यഴۋǋಕខ᠎ཁஜϘᡱᢍกǋࠪ ึ�ੰ஘ප̓૰

ഴ֖ۋʻ፤໼ึڣԢྫྷ᠎ᣤᤞഴۋኍǌ໶͚ཨ[4]ѽ

ၸဗڣ᜹฽ஜ૵Ὃ᧓ၸӬ኷ഴ֖̃ۋ፤ஜϘഴۋѫ

Ѿ᝟ኪ˿຦ฮັ海පᄉࣰ̓ڨ૰ညǋࣰ Ӧఝ૰యڨ

֖ՉӜൿ海පᄉӦఝ૰య὚LINኍ[5]ѽၸ̃፤ุපҮ

ҦథᬌЊഴय὇Shallow water Hydrodynamic Finite

Element ModelὋSHYFEMὈ᝟ኪ˿ʻ෡ັᄉ海ප̓

૰ည὚YUAN ኍ[6]ѽၸథᬌͳሤ海ࡿ海洋ഴय὇Fi-

nite-Volume Coastal Ocean ModelὋFVCOMὈ᝟ኪ˿

ॕʹݟ˝ᡴັܷೃत᝹ኍ̠˝࣯预ᛠ֖ەܬڠڗ

ֽᑚັࢶᄉප̓૰ᑞҦὋፆ౦ᛪ௙͗ەܬڠڗ௬ᗂ

ҪັЮපᄉϢ႐ௐᫍὋᏪᡴັܷೃत᝹ࠪප̓૰ܘ

ᑞҦᄉॕֽӠѫథᬌǌ

ʿՎ海۪ᄉึڣǋ्֖ڠ᣷ႌ్͇ᄉࢿऩὋ࠭

ᒰʿՎ海۪ප̓૰ᑞҦʿՎǌለतˋࡢЛ᫂ࡆ海

ញ߶ັ˧ᫍᄉපͳ֖̓ັࡢˋ˿ᄉत੆ὋѬற܀

૰Ὃ΍海ັපͳ̓૰ԩ᫽Ὃກሤː᧗ὋҪʼՉዜ෉౿

ྫྷᄉଅஉὋ΍Л᫂ࡆԢФˏΞප۪ᄉපဖܑৎӐὋ

ː᧗ॕֽ˿ॆ̠ڠඞᄉၶ̖֖ၶาǌЛ᫂ࡆ海܀ᄉ

੩᤯Ὃᑞՠ΍ˋ֖ັࡢញ߶ັᄉ海ප̈ᄰႉ᤯ὋҪ

ঋˋັࡢᄉපͳ̓૰ᮟည὞΍ၸஜϘഴ઱᝿ͤЛࡆ

᫂海܀धԯՐࠪֆډ海۪පҮҦ֖уກᄉॕֽ௦᝿

ѻЛ᫂ࡆ海܀௦ՠःधԯᄉґయᆐቂࢹͺ˧ʶǌ

ᄉ̍བࣛ໼ۋӮ෸海ʶ˓Цˋڍ௦ੇັࡢˋ

඿෱ԯັὋප۪᭦ሤ˝ 230 km² Ὃܷ ᦉѫ海۪ᄉපຆ

̅࠴ 5 mὋັ ԯᬃࡥ᫂ˋܪᤂ海۪ᄉපຆ᣹ҁ੊ᡓ
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᣾ 15 m[7]ǌັЮЙ海෱ึ˞᜵˝໯෇Ὃึ ۪᭦ሤ˝

820 km² Ὃ௦ˋັࡢช෡ᄉ˞᜵౎ຸ[8]ǌˋࡢԊࣰࣱ

˝᮲ᤳڨ 7.1 m/sὋп̾ߢˋӑ᮲˝˞Ὃ̾ߢܭ᜴Ӯ

᮲˝˞Ὃణܷ᮲ᤳ᣹ 40 m/sǌញ߶ັප۪᭦ሤ˝

153 km2Ὃˀ Ὃ2/3海۪ᄉ܀海᫂ࡆᬥʶएЛ̨ັࡢˋ

පຆ̅࠴ 5 mὋັ ԯපຆ˝ 5̚10 m[9]ǌґ̠᤯᣾ஜ

૵ፑ᝟ѫౡ֖ஜϘഴ઱ኍழयࠪˋັࡢᤈᛠ˿ᆐ

ቂǌ᥿஢᧦ኍ [10]ᖌ३˿ˋັࡢຆമ໼ึ֖ͷึྱ

ड़Ὃ๨໼ึᤳణܷԺ᣹ 0.83 m/sὋᖿ໼ึᤳణܷԺ᣹

1.52 m/sὋᛪࡎͷึమՓັԯὋऄࡎͷึమՓັᮆǌ

ృ૜̇ኍ [11]ѽၸͮ̅ˋັࡢԢᬃᤂ海۪ 5˓໼ͮ᜹

฽ቢᄉࠃ฽ஜ૵Ὃѫౡ˿ˋັࡢᄉ໼඿ব᠎Ὃፆ౦

ᛪ௙Ὃ̀ 4.32˝ࢿ᜺Ӧ௅໼Ὃణܷ໼ൣ˝ັࡢ mǌሟ

௳ኍ [12]᤯᣾ஜϘഴ઱᝟ኪ˿ˋັࡢᄉᒬыᑞҦὋፆ

౦ᛪ௙Ὃ̀ ˝໼ᄉӦ̓૰ֆయѫѾ࠴໼֖ܷັࡢ

8.13 d֖ 13.0 dὋັ ԯප̓૰ᑞҦణु˄Փັᮆᤩຑ

ԪिǌೌᏅࢎኍ [8]ፆՋˋັࡢᄉ海ࠃ֖ڎ฽පຆᠪ

஧Ὃѫౡ˿ˋັࡢЮᤂ 50 aᄉ海ऄуກԪӐྱड़ǌ

Ӝ ۪ 海 洋 ഴ य὇Regional Ocean Modeling

SystemὋROMSὈ[13]ᤂࣱ౎ᜁࣸคःၸ̅海ັǋᤂࡿ

Ԣܷ洋ኍӜ۪ᄉᆐቂǌ൤ґὋᦋඞాኍ[14] ᤯᣾

ROMSतበ˿˴ᴜ෇෱ԯᄉช෡ᣤᤁഴۋὋॡڠݝ

ഴ઱˿สපయᫍ˴ᴜ෇෱ԯᄉช෡уກԪӐ὚षˆ

ඞኍ [15]ѽၸ ROMS ഴ઱ࣲ预฽˿ˋᆺϙχӜ႟ๆ

১෡ᣤሧ᜺।Ԣ海ࣽуກԪӐ὚ᥥ͛ရኍ [16]ѽၸ

ROMSतበ˿௾Пआັᄉ໼ึഴۋὋࣲ ᝟ኪ˿௾П

आັᄉප̓૰ௐᫍǌ

ఴ஠᤯᣾ ROMS ഴयѫౡ˿Л᫂ࡆधԯґՐ

ᄉපҮҦဖܑ֖ช෡уກԪӐৰхὋഴयழ಴ᤤસ

海܀धԯ 423 m˄ڙ海ᬃ܀ᤂ႟ๆ 1.39 km2ǌఴ஠

˞᜵ࠪප۪ᄉึᤳǋึ খǋͷึǋ海පӦ̓૰ֆయ֖

ช෡уກᄉԪӐᤈᛠࠪඊѫౡὋଉቂЛ᫂ࡆ海ࠪ܀

ញ߶ັᄉපҮҦ֖ช෡уກᄉॕֽǌ֖ັࡢˋ

2 模型配置和验证

2 . 1 模型简介

ఴ஠᧓ၸᄉ ROMS ഴۋၿᎾڍᎬಪலܷߥ海

洋ˀ海ࡿመߥᆐቂ੝֖Ҫѽለߥܷ̍ࡈฦుᆃѫ

ಢРՎᆐԦǌឞഴۋ΍ၸ海洋ԓݼழርഴۋᤈᛠ

ࣲᛠ᝟ኪὋڙᤂࣱᄉ海洋መߥᆐቂ˖३ҁࣸคः

ၸǌഴڙۋපࣰழՓʼ᧓ၸఛጲൣ̓ᄉڮಕጆὋۆ

Փʼ᧓ၸ्ڠᡱᬣᄉ S ्ڠఽܬ海ุ֖ڙಕ[17]Ὃڮ

Ӝ۪థఝᬶࠚᄉۆᄯѫࡎὋᑞᣖڠݝഴ઱ʿ᜺Ѷᄉ

ܷᬅ౵्ڠǌ൤ܰὋROMSЮդၶখǋ海сǋช෡֖

จํኍഴڰὋԺܲ࠱ഴڰፆՋၸ̅海洋ᄉ预报[18]ǌ

2 . 2 悬沙输运模块

ROMS ഴयԺ̾߿˦ዤব֖᭣ዤবˏሗዜۋ

ᄉช෡Ὃ᤯᣾ช෡ᄉ˖Ϙዡफ़ࠚǋ ऎ֖ෛᬋᤳညኍ

ԟஜԺ̾Ӝѫᆊǋዟᆊ֖ዤڗኍܲሗช෡ሗዜǌഴ

यᤆᭉ᜵ѹݼӐ෱ࣽऄ෡ᄉྱবὋӉહऄ෡ᄉࡎ

ஜǋඇࡎᄉԑऎǋቆᬨऎ̾ԢՉሗช෡ᄉѫᦠඊ

Β[19]ǌ

ROMS˖ᄉ১෡ᣤᤁഴڰԺ̾ᛪᇧ˝Ὑ
φ� (zC 	
φt � φ� u(zC 	

φX � φ� V(zC 	
φy � φ� Ĉ(zC 	

φs �


 φφs ( )- -----c˛W˛ 
 VĐ
(z

φC
φs � CSOURCE ὇1Ὀ

य˖ὙuǋV֖ĈѫѾᛪᇧපࣰழՓ὇X֖ yὈ֖ ᄯழۆ

Փ὇sὈ౼ʶࡎᄉึᤳὋXǋy௦පࣰڮಕጆὋs௦ۆՓڠ

्઱Ջڮಕ὚(z௦᝟ኪࡎᄉԑऎ὚
- -----cƟWƟᛪᇧວึੰ

஘लᡐᄉช෡ۆڙՓʼᄉࣰڨ᤯᧙὚VĐᛪᇧᐿ௿ช

෡ۆՓੰ஘ጆஜὋԨ 5h10-6 m2/s὚C̼ᛪช෡ใऎὋ

CSOURCE�Mᛪᇧช෡ᄉຸ඼ᮉǌࠪ̅১෡Ὃᭉ᜵Ꮵᘼ১

෡ᄉෛᬋ᣾ር὇඼Ὀ̾ Ԣ෱ࣽช෡ᄉв১๎᣾ር

὇ຸὈὋຸ ඼ᮉᛪᇧ˝Ὑ

CSOURCE�M � 
 φWs�McM
φs � Es�M ὇2Ὀ

य˖ὙWs�Mᛪᇧช෡ᄉෛᬋᤳऎ὚Es�MᛪᇧऄᦉᄉΥ

ᙌ᤯᧙὚MᛪᇧʿՎᄉช෡ሗዜǌΥᙌ᤯᧙᤯᣾

ARIATHURAIኍ[20]ᄉԟஜӐழกࠃဗὋԀὙ

ॆĜsF � Ĝce�Mௐ, Es�M � E��M � � 
 Ğ 	 ĜsF 
 Ĝce�MĜce�M
὇3Ὀ

य˖ὙE��M௦෱ࣽΥᙌुऎ὇ӬͮὙkg/὇m2 · sὈὈ὚Ğ௦

ᛪࡎช෡ᄉߗᬨऎ὚ĜsF֖ Ĝce�MѫѾᛪᇧࣽ᭦ҜѬः

Ҧ֖˙ႌΥᙌःҦǌഴۋՎௐᏥᘼ˿ช෡ใऎࠪ

පҮҦᄉॕֽὋᏥᘼช෡ใऎՐᄉපͳࠚऎ˝Ὑ

ę � ęWaTER �ϕ
M � �

.SED CM

ęs�M
� ęs�M 
 ęWaTER 	 ὇4Ὀ

य˖ὙęWaTERᛪᇧපͳᄉࠚऎὋ߱ ௦ຝऎǋᄡऎ֖Ԍु

ᄉѥஜ὚Nsedᛪᇧ੝߿˦ᄉช෡ሗዜ὚ęs�M֖ CMѫѾ

�4
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ᛪᇧኃ mሗช෡ᄉࠚऎ֖ใऎǌ

2 . 3 模型基本配置

ఴ஠ᄉ᝟ኪӜ۪˝ለतᄴញ߶ັǋ̀ Ԣᄰັࡢ

᥵海 ὇۪23.39° ̚24.03° NὋ117.09° ̚117.83° EὋ᜸ڎ

1ὈὋᎩಪஜ˝ 1 200h1 200ǌఴ൒᝟ኪ᧓ၸఛጲൣ

ࣲᎩಪὋഴڙۋՉ海۪ᄉපࣰѫᣱညʿʶὋЛ᫂ࡆ

海ᬃ܀ᤂጝ˝ 30 mὋ̀ ˝ញ߶ັ海۪ጝ֖ັࡢ

60 mὋܰ 海ጝ˝ 80 mǌഴۆۋՓѫ 20 ᮲ࡎǌᛪࡎ

ःҦǋᆀจᣢ֖࠰ᗡԦᬋᭀኍ᯵Үڣၿൖฮ˖యܸ

ච 预 报 ˖ ॶ὇European Centre for Medium-range

Weather ForecastsὋECMWFὈܷ චвѫౡֵ̖ᄉ 6 h

ᫍᬥஜ૵ଢϘ३ҁὋѹ֖ڣݼध᣷ႌᄉපͮǋຝऎǋ

ᄡऎ֖ึᤳ᧓ၸกܚڍӴ੫海洋˖ॶ὇Mercator

OceanὈᄉˉҫӐֵ̖ଢϘ३ҁǌڙ໯෇෱ԯڠӜ

ᭉᏥᘼᄰःత͊໯෇ᄉึ᧙̾Ԣդ෡᧙Ὃ໯෇ึ᧙

Ԩ 5తᄉࣰࣱܲڨϘὋጝ˝ 40 m3/sǌ᣷ႌ్͇ᄉප

ࣰຈՋ᧓ၸSMAGORINSKY[21]ᄉຈՋழ಴ὋۆՓຈ

Ջ᧓ၸ MELLOR ኍ[22]ଡѢᄉວึ᫆࠯ഴۋǌध᣷

ႌၿˉҫӐᤁᛠᄉԻັ海ࢇʻ፤ஜϘഴ[18-17]ۋ੝̖

ၶᄉဖึපͮԮҪจᠾпКီ໼඿ഴۋ὇TOPEX/

Poseidon global tidal modelὋTPXO7Ὀ[23]ᄉ 16˓ѫ໼

὇2N2ǋJ1ǋK1ǋK2ǋL2ǋM1ǋM2ǋMU2ǋN2ǋNU2ǋO1ǋOO1ǋ

P1ǋQ1ǋS2֖ T2Ὀᄉ໼඿ុ֖࣡ஜ᝟ኪ३ѢǌഴۋᏥ

ᘼ˿࣯າᎩಪὋ̇ ႌපຆ᝹Ꮅ˝0.2 mǌช෡ഴڰᄉ

ԟஜᦠᎵழก᜸஠࿸[14]ǌ

಩૵ለतᄴප̖ᆐቂ੝ଡΘᄉǑለतᄴˋࡢЛ

ርප஠ҮҦ฽ᰍ报նǒዡऎѫౡ੝३ᄉࢹ܀海᫂ࡆ

ዡफ़៧ѫ࣊ྱड़Ὃఴ஠ࠃ࠱ᬄช෡ᄹͺ௦ၿˏሗྱ

ड़ዡफ़ᄉช෡ጷ͊ౝ੆ǌᤇˏሗጷ͊ѫѾ˝Ὑྱ ड़

ዡफ़˝ 3 μmᄉጷ͊Ὃ̼ ᛪዡफ़̅࠴ 4 μmᄉዤڗὋͳ

ሤӳඊጝ˝ 40% ὚ྱ ड़ዡफ़˝ 8 μmᄉጷ͊Ὃ̼ ᛪዡ

फ़ڙ 4̚16 μm˧ᫍᄉዟ෡Ὃͳሤӳඊጝ˝ 60% ǌ௃

᝶௦ช෡ใऎѫ࣊ᤆ௦ऄ᠎уກԪӐὋഴۋణጻᄉ

ᣤѢፆ౦ᦏ௦ࠪʼᤗˏሗዡफ़ጷ͊ᤈᛠҪ֖ᤁኪ

Րᄉፆ౦ǌ

ഴۋѹݼӐ̅ 2020 ࣱ 5 త 1 ௅ 00 ௐ὇ˆႌௐὋ

ʽՎὈὋ᝟ኪᒯ 2020ࣱ 6త 1௅ 00ௐὋѫѾ᝟ኪ˿Л

धԯґՐৰ௿ǌ܀海᫂ࡆ

2 . 4 潮流与泥沙验证

˝˿ᰍ᝼ഴयᄉэᆷবὋᤤԨ˿ 2020 ࣱ 5 త

24ú25 ௅ˋ֖ັࡢញ߶ັʿՎቢཁᄉ໼ึஜ૵̾

Ԣդ෡᧙ஜ૵Ὃ࠱Фˀഴयፆ౦ᤈᛠᰍ᝼Ὃፆ౦᜸

ڎ 2ú5ǌD1 ֖ D2 ὋZ1ັࡢˋ̅ͮ ֖ Z2 ͮ̅ញ߶

὇ັ᜸ڎ 1ὈὋڎ˖ᛪࡎǋ̟ ˝ѫѾࡎऄ֖ࡎ 0.2ǋ0.6֖

0.8υᄉॆڠපຆǌ

̯ஞͳ౎ᄹὋ̀ ෵߶ັ໼ึึᤳ֖ึՓ֖ັࡢ

ᄉ᜹฽Ϙ֖᝟ኪϘథᓡݝᄉʶᒰব὇᜸ڎ 2 ڎ֖

3Ὀǌ᝟ኪึᤳ֖᜹฽ึᤳ঳ͳᄉڨழ಩ឧࢿʿᡓ

᣾ 0.36 m/sὋᛪࡎǋ̟ ᄉᦏ௦࠴ణࢿឧࡎऄ֖ࡎ

D1ὋឧࢿѫѾ˝ 0.14 m/sǋ0.14 m/s֖ 0.19 m/sὋឧࢿ

ణܷᄉᦏ௦ Z2ὋឧࢿѫѾ˝ 0.36 m/sǋ0.30 m/s ֖

0.32 m/sǌD1֖Z1ᛪဗᣖ͕ὋቂФԓځ௦ D1 ֖ Z1

ຆമᓇ᥊˖Ὃึ̅ܪ ᤳᣖܷǌࡉክڙ໼ึᰍ᝼ፆ

౦ʼὋ˓ Ѿቢཁᤆڙߚʶ߿ᄉϟࢿὋͭ ̯ஞͳ౎

ᄹὋึ ᤳ֖ึՓᄉ᜹฽Ϙ֖᝟ኪϘᄉࣧϘᄰࢿॡ

Ὃ्࠴ খ˶۲ఴկՋὋഴۋᑞᣖ˝эᆷڠഴ઱Ѣ

ड़ὋХథᣖᰳᄉഴ઱ྱڣញ߶ັᄉ໼ึ֖ັࡢˋ

ዴऎǌ

ڎ 4 ˝ D1 ֖ D2 ᄉ১෡ใऎᰍ᝼஌౦Ὃഴۋ᝟

ኪϘஞͳඊ᜹฽ϘͯὋͭ ۲ఴᑞԥ௡ˋັࡢ১෡ใ

ऎᬣௐᫍᄉԪӐ̾ԢᛪࡎใऎͯᄉᡕҸǌ࠾Фڙ

D1ᄉ˖֖ࡎऄࡎὋഴۋᑞᣖڠݝഴ઱Ѣ১෡ใऎᄉ

Ϙௐ҈ǌࢎ

ซὙጙཁD1ǋD2ǋZ1֖Z2ѫѾ̼ᛪˋ֖ັࡢញ߶ັᄉ໼ึᰍ

᝼ཁὋˏ ˓ጙಳѫѾ˝ˋັࡢຆമ֖ញ߶ັຆമ὚ABǋCDǋEFǋGH

֖ MN ˝᝟ኪ海පӦ̓૰ֆయ੝ၸҁᄉ᣷ႌ὚ഴࠃۋᬄᎩಪѫᣱ

ည˝ڎ˖Ꭹಪѫᣱညᄉ 1/100Ὀ

图1 模型网格区域及地形图

Fig.1 Model grid domain and topography
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图2 东山湾潮流验证图

Fig.2 Tidal current verification of Dongshan Bay
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图3 诏安湾潮流验证图

Fig.3 Tidal current verification of Zhao'an Bay
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3 结果分析

3 . 1 流速百分比与流态变化

಩૵ഴۋ᝟ኪፆ౦Ὃ̾ 5త 24௅ 13ú18ௐͺ˝

ᖿ໼᣾ርὋ̾ 5 త 24 ௅ 18 ௐú25 ௅ 01 ௐͺ˝๨໼

᣾ርὋѫѾ࠱海܀धԯґՐڙᖿ໼᣾ር֖๨໼᣾ር

ௐᫍЮᄉࣰึڨᤳᤈᛠࠪඊὋ३ҁ๨ᖿ໼ึᤳԪӐ

ᄇѫඊ὇᜸5ڎὈǌ

ᖿ໼ௐ὇᜸ڎ 5aǋcὈὋ̀ ܪҪὋຆമܘᤳึັࡢ

图4 东山湾悬沙浓度验证图

Fig.4 The suspended sediment concentration verification of Dongshan Bay

��
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图5 涨落潮平均流速变化百分比图

Fig.5 Percentage change of average velocity of high tide and low tide

ึᤳܘࣧ࠴Ҫ 0.37% ̚1.92% ὚ញ߶ັึᤳђ࠵Ὃຆ

മึܪᤳࣧ࠴ђ࠴ 1% ̚20% Ὃˏ ˿ܷܘᦉѫึᤳࡿ

10% ̚20% ὚Л᫂ࡆප᥊ԪӐᣖܷὋ᜴Ξප᥊ึᤳܷ

ࣧђ࠴ጝ 53% Ὃ̀ Ξප᥊ึᤳܷࣧܘҪ 100% ̾ʼǌ

๨໼ௐ὇᜸ڎ 5bǋdὈˀ ᖿ໼ௐ঳ͳᄰͪὋ̀ ᤳึັࡢ

ҪὋͭܘ ຆമึܪᤳࣧ࠴ђ࠵ 1% ̚7% ὚ញ߶ັึᤳ

ђ࠴Ὃຆമึܪᤳܘࣧ࠴Ҫ 1% ̚17% ὚Л᫂ࡆ᜴Ξ

ප᥊ึᤳܷࣧђ࠴ጝ 87% Ὃ̀ Ξප᥊ܷࣧܘҪ 100%

̾ʼὋึ ᤳܷܘӜ۪ᄰඊᖿ໼ௐఝҪ᜴ሧǌ̾ʼԪ

Ӑ˞᜵௦Л᫂ࡆ海܀धԯՐὋԓڙ海ܪ܀ᄉ඼໼ጲ

Փ᜴ሧҮ੝ᒰǌ

̯Л᫂ࡆප᥊ᄉ๨ᖿপึখ౎ᄹὋᖿপௐ὇᜸

ڎ 6aὈὋප᥊Юᄉѫ໼ጲ̯ԓ౎ᄉ海ܪ܀ሧᒯˋࡢ

Ὃප᥊ˋΞ໼ึुऎԪܷὋ᜴Ξ໼ึुܪ᜴ӑΞࡳ

ऎԪ࠴὚๨পௐ὇᜸ڎ 6bὈὋප᥊ᄉˋ᜴Ξ໼ึ඼Ջ

᜴ሧጝܪ܀ԓ౎ᄉ海̯ܪ 4̚5 km ᒯˋࡳࡢ᜴ӑ

ΞὋප᥊ˋΞᄉ໼ึुऎԪܷὋ᜴Ξ໼ึुऎԪ࠴ǌ

঳ͳ౎ឬὋधԯґՐЛ᫂ࡆප᥊ึᤳᄉԪӐ᭣

࣡ҚཉὋ̀ ΞึᤳܷࣧऎܘҪᏪ᜴Ξึᤳܷࣧऎђ

ᄉ඼໼ጲ܀海᫂ࡆὋᤇ௦ၿ̅धԯՐԓఴͮ̅Л࠴

֖ѫ໼ጲ᜴ሧጝ 4̚5 kmǌ

3 . 2 余流场变化

ͷึڣ௦᧓ၸഴۋ᝟ኪѢᄉ 5 త 11ú31 ௅ᄉ

ڎͷึǌၿڨࣰ 7Ժ̾ᄹѢὋЛ᫂ࡆ海ࠪ܀ញ߶ັ

ˏ۲ఴ෤థॕֽὋڣᄉͷึັࡢˋ֖ ᛪဗѢ෱ڨັ

ԯͷึᄉ˞᜵ྱड़ὋԀᛪึࡎՓັ ὇ܰ᜸ڎ 7aǋbὈὋ

ऄึࡎՓັᮆ὇᜸ڎ 7cǋdὈὋᤇ֖ᬇ᧚෻ኍ[24]ᄉ᜹฽

ፆ౦ʶᒰǌˏັັԯԢˋັࡢᮆᄉ໯෇ԯӜ۪ᄉ

ͷึᣖुὋ᣹ 30 cm/sὋѫѾၿܰ海ဖึ֖෱ԯफ़ึ

ᤴ੆ǌˏັຆമӜ۪ᄉͷึुऎԺ᣹ 10 cm/sὋథѽ

̅ຆമ፤૆Ὃథү̅ᓔᓑᓇᛠǌˋັࡢФͷӜ۪֖

ញ߶ັັЮᄉͷึᣖिǌັܰܰ海ဖึᄉ˞᜵ழ

Փ˝᜴̯ҁˋὋᤇˀˋܰັࡢ海ᄉӑՓဖึʶᒰὋ

��
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图6 八尺门水道涨落急垂向平均流态

Fig.6 Vertical average flow pattern at high and low tide in Bachimen channel

图7 开口前后余流场（白色箭头表示流向）

Fig.7 Residual flow field before and after the opening of channel（white arrow represents the flow direction）
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ʹᓤὛ धԯපҮҦԢуກॕֽஜϘᆐቂ6య܀海᫂ࡆЛࡢ

ͷึึᤳԺ᣹ 30 cm/s὚ऄࡎ海ึ႔ϟࢺ὇᜸ڎ 7cǋ

dὈὋᤇˀऄᦉᓩАఠူࡎ᝶ʶᒰ[25]ǌ

Ѣဗ௙௬ܪ܀ԓ海ڙප᥊ЮὋधԯՐ᫂ࡆЛڙ

ᄉ̯ප᥊ˋΞҁ᜴Ξᄉͷ ὇ึڎ႔ὈὋឬ௙ප᥊᠕᤯

ՐὋපึ঳ͳ̯ˋັࡢᤈЙញ߶ັὋᛪࡎͷึึᤳ

Ժ᣹ 10 cm/sǌឞ海۪ߢܭᄨᛠ᜴Ӯ᮲Ὃпǋሖߢᄨ

ᛠˋӑ᮲Ὃ5త˝௢ళߢ᮲ᣀ૰యǌͷึᄉҮҦ఺

҃ԢФ̴ځገ὇ݟ᮲֖ܰ海ဖึὈࠪ ͷึᄉॕֽ௦

ੇ͂ల౎᜵ᤈʶ൥ᆐቂᄉЮࠓǌ

3 . 3 海水半交换周期

΍ၸ ROMS ᄉᜁҮᇧᢍྫྷഴڰ᝟ኪ海පᄉӦ

̓૰ֆయὋ̾ ABǋCD֖EF˝ႌ֖ັࡢˋ˦߿ញ߶

ັᄉ᣷ႌὋ̾ GH ֖ MN ˝ႌ߿˦Л᫂ࡆප᥊ᄉ᣷

ႌǌ2020ࣱ 5త 12௅ڙՉັЮ᝹ᎵᜁҮᇧᢍྫྷὋѹ

˝Ӑใऎݼ 1Ὃ᝟ኪௐᫍᡓ᣾ 7 dὋፂԊ˿˖໼֖࠴

໼ᄉ᣾ርǌఴ஠࠱Չັᇧᢍྫྷࣰڨใऎፂ᣾ 12 h

໎ҮࣰڨՐԪ˝ 0.5੝Ᏹ᠟ᄉௐᫍ߿˦˝海පӦ̓

૰ֆయǌ

ഴयѫѾ᝟ኪ˿ˋັࡢǋញ߶ັǋЛ᫂ࡆප᥊

̾Ԣ֖ັࡢˋ࠱ញ߶ັॆͺʶ˓ஞͳᄉපͳӦ̓

૰ֆయǌၿᛪ 1ԺᅻὋधԯґὋ̀ ˝Ӧ̓૰ֆయັࡢ

1.54 dὋញ߶ັӦ̓૰ֆయ˝ 9.60 dὋ̀ ߶ញ֖ັࡢ

ັ঳ͳӦ̓૰ֆయ˝3.00 dὋЛ᫂ࡆප᥊Ӧ̓૰ֆయ

˝ 1.92 d὚धԯՐὋ̀ ˝Ӧ̓૰ֆయັࡢ 1.50 dὋញ߶

ັӦ̓૰ֆయ˝7.50 dὋ̀ ញ߶ັ঳ͳӦ̓૰֖ັࡢ

ֆయ˝2.96 dὋЛ᫂ࡆප᥊Ӧ̓૰ֆయ˝1.25 dǌ

धԯՐὋၿ̅ˏ˓ັЮᄉ海පܲڨ˿ʶ˓̓૰

ԯὋˏ ˓ັᄉӦ̓૰ֆయథʿՎርऎᄉ᎕ᆀὋ̀ ࡢ

ັᄉӦ̓૰ֆయ᎕ᆀ˿ 0.04 dὋញ߶ັᄉӦ̓૰ֆ

య᎕ᆀ˿ 2.1 dǌˋັࡢᄉӦ̓૰ֆయᣖញ߶ັ௙

௬ђ࠴Ὃ௦ၿ̅ˋັັࡢԯᄉපຆᣖຆὋ˄ ԩܰ海

ဖึ̾Ԣ໯෇फ़ึॕֽὋ̯ Ю̓૰ѢԜᄉ海ັࡢˋ

පఝ௛ᜁܰ海ප̾Ԣफ़ึሩ᧕ǌЛ᫂ࡆප᥊ᄉӦ

̓૰ֆయ᎕ᆀ˿ 0.67 dὋឬ௙ˏ˓ັᄉ海පԺ᤯᣾

धԯᄉЛ᫂ࡆප᥊ᤈᛠප̓૰Ὃ̯ ᏪஇؒЛᬃ᫂ࡆ

ᤂᄉපҮҦဖܑǌ

3 . 4 泥沙冲淤

ช෡уກ᧓ၸ2.2ᓫᄉ১෡ᣤᤁഴڰᤈᛠ᝟ኪǌ

ញ߶ັᄉуກርऎܷͳᄰ֖ັࡢˋ ὇ͪ᜸ڎ 8ὈὋˏ ັ

表 1 八尺门海堤开口前后海水半交换周期（单位：d）

Tab. 1 Seawater semi- exchange cycle before and after the

opening of Bachimen seawall（unit: d）

ௐൿ

धԯґ

धԯՐ

ັࡢˋ

὇CD֖EF

˝ႌὈ

1.54

1.50

ញ߶ັ

὇AB֖EF

˝ႌὈ

9.60

7.50

֖ັࡢˋ

ញ߶ັ

3.00

2.96

Л᫂ࡆ

ප᥊

1.92

1.25

图8 冲淤厚度分布图

Fig.8 Souring and silting thickness distribution
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˞᜵˝ກሤӜ۪Ὃກሤ᧙˝1̚4 cm/a὚ˏ ັᄉັԯ̾

Ԣ໯෇ԯຆമᄉу҄ርऎᣖुὋу҄᧙˝3̚10 cm/aǌ

धԯґՐуກርऎᄉӜѾ˞᜵ͳဗڙЛ᫂ࡆප᥊

Юǌधԯґ὇᜸ڎ 8cὈὋᡔ᭤ᤂЛڴ܀᫂ࡆᄉӜ۪ກ

ሤ᧙ᡔܷὋ̀ Ξප᥊᜴֖Ξප᥊ᄉܷᦉѫӜ۪˝ກ

ሤӜ۪Ὃກሤ᧙˝ 1̚4 cm/aὋڙଋᤂញ߶ັᮆᄉӜ

۪థʶ߿ᄉу҄ርऎὋу҄᧙˝ 1̚5 cm/aǌधԯ

Ր὇᜸ڎ 8dὈὋЛ᫂ࡆˋΞප᥊ၿກሤӜ۪ᣀԪ˝у

҄Ӝ۪Ὃу҄᧙ጝ˝ 2̚10 cm/aὋ᜴Ξප᥊ၿу҄

Ӝ۪ᣀԪ˝ກሤӜὋກሤርऎ˝ 1̚3 cm/aǌᤇ௦

Ὃуܷܘප᥊᠕᤯ՐὋප᥊ˋΞᄉึᤳ᫂ࡆЛ˝ځ

҄ԪुὋឞܪᄉช෡ᜁࣛᡋὋᏪප᥊᜴Ξึᤳђ࠴Ὃ

ช෡ෛᬋ̅൤ǌ

4 结论

ఴ஠᤯᣾ ROMS ഴयतበ˿ˋັࡢúញ߶ັ

海۪ʻ፤පҮҦ�ช෡ᏸՋഴयὋᆐቂ˿Л᫂ࡆ海

धԯґՐපҮҦဖܑ֖ช෡уກᄉԪӐǌፆ౦܀

ᛪ௙Ὑॆ ઞᬓЛ᫂ࡆ海܀ՐὋЛ᫂ࡆප᥊੆˝ᤋ᤯

ញ߶ັᄉප᥊Ὃ֖ͭັࡢˋ ឞප᥊ඊᣖቋὋઞᬓځ

ՐࠪපҮҦᄉॕֽ˞᜵ڙЛ᫂ࡆප᥊Ԣ᥵ᤂ海ӜὋ

ප᥊ᬃᤂᄉපҮҦథ௙௬இؒὋᏪࠪˋ֖ັࡢញ߶

ັஞͳᄉॕֽᣖ࠴ǌ海܀धԯՐὋԓఴ̅ܪ海ͮ܀

Ꮅᄉ඼໼ጲ᜴ሧὋ˄ థሶ߿ᄉ᜴ՓͷึڙߚὋˏ ˓

ັᄉ海පԺ᤯᣾Л᫂ࡆප᥊ᤈᛠ̓૰Ὃ海පᒬыᑞ

ҦଡᰳὋͭ ᧙Ϙڨᣖ࠴ǌࡌᦉຌກࠪˋັࡢԢញ߶

ັᄉஇԪॕֽᣖ࠴ǌ

঳˧ὋЛ᫂ࡆ海ࣂ܀ፂत੆ 60ࣱܲὋФᬃᤂڠ

्ԢࡿጲڨథᣖܷԪҮὋͭ පҮҦࣂˀ्ڠ᣹ҁ˿

ளᄉࣰᛥǌӬጥᄉࡌᦉຌກ֖海܀धԯᙉཨ͗ࠪ

海܀ˏΞප۪ᄉපҮҦ్͇థᣖܷஇؒὋͭ ࡢˋࠪ

ັ֖ញ߶ັපҮҦᄉஇᤈథᬌǌ

致谢：厦门大学东山太古海洋观测与实验站提供研

究数据，林文欣、张思明帮助调试模型及画图。
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Numerical study of the hydrodynamic and scouring and silting effects of the

opening of the Bachimen seawall in Dongshan Bay

WAN Yan
(Fujian Fishery Engineering Construction and Design Institute, Fuzhou 350003, China)

Abstract：A three-dimensional hydrodynamic-sediment coupled model is established for the Dongshan Bay and

Zhao'an Bay area using a regional ocean model, which is validated by the in-situ observation in the tidal field.

Furthermore, the coupled numerical model is used to simulate the characteristics of hydrodynamics, sediment

scouring and silting before and after the opening of the Bachimen seawall. The results show that the flow velocity

of the eastern channel of the Bachimen increases after the opening of the seawall, while the flow velocity of the

western channel decreases. In addition, the tidal convergent line moves westward, which makes the eastern

channel turning from silting area to scouring area and the western channel turning from scouring area to silting

area. After the opening of the seawall, the residual flow of the Bachimen channel flows from Dongshan Bay to

Zhao'an Bay, which reduces the seawater semi-exchange cycle and improves the hydrodynamic environment near

the Bachimen area.

Key words：numerical model; hydrodynamics; sediment; Dongshan Bay
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