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水庫高濁度下之供水風險分析-以石門水庫為例 

學生：柯思瑋                            指導教授：張良正 

國立交通大學土木工程學系 

摘要 

台灣地區地質條件鬆軟，每遇颱風豪雨洪水挾帶大量土石而下，

造成河川水流除了流量大外濁度亦高，若取用此高濁度之河水，將使

得淨水廠處理能力大為降低，從而形成臺灣部份地區如石門水庫供水

區，非常特別的洪水時期缺水的現象。 

針對前述之高濁度缺水問題，本研究以蒙地卡羅法為基礎，整

合雨量歷線合成、降雨逕流模式、濁度預測模式與高濁度水資源調配

模式等，探討石門水庫在高濁度下之供水風險。其中濁度預測模式，

本研究發展並比較兩種不同的模擬方式，其一為類神經模式，另一為

參考單位歷線法的精神，發展以濁度特性函數為基礎之濁度預測模式，

而此濁度特性函數為單位入或放流量下之濁度歷線。蒙地卡羅分析需

有多組雨量資料進行模擬，本研究以設計降雨之觀念進行雨量歷線繁

衍，設計降雨主要由設計總降雨量與設計雨型兩部分所組成，兩者皆

與降雨延時有關，故進行雨量歷線繁衍時有兩個隨機變數，即總降雨

量與降雨延時待取樣，本研究以拉丁超立方取樣法進行雨量歷線合成，

可以較少樣本數仍完整呈現母體之統計特性。濁度模擬結果顯示，單

位特性歷線法與類神經皆有良好之預測精度，單位特性歷線之觀測與

實際值相關係數皆高達 0.87 以上，然單位特性歷線法較具物理意義

及易於瞭解，而類神經為黑盒分析，故本研究後續風險分析乃以單位

特性歷線之分析結果進行分析。水庫高濁度之供水風險結果顯示，發

生高濁度缺水事件機率高達 57%，若假設公共用水缺水忍受度為 5%，



發生缺水超過缺水忍受度之機率仍達 34%。 

本研究發展之模式與方法皆有相當程度上的可靠度，目前僅應

用於石門水庫中，未來可將此分析流程應用於其它亦有高濁度問題的

水庫，以降低整體供水風險。 
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Abstrsct 

Owing to the precipitous terrain and soft soil in Taiwan, a heavy 

rainfall not only causes high river flow but also induces severe debris 

flow. The high turbidity accompanied by debris flow can significantly 

reduce the treatment capacity of water treatment plant, and the decreasing 

capacity caused a unique water supply problem in Taiwan, water shortage 

during flood season. 

To investigate the water shortage issue caused by flood, this study 

applies Monte Carlo simulation method as a framework to evaluate the 

shortage risk of Shihmen reservoir water supply system under high 

turbidity condition. Within the framework, four models including a 

rainfall synthesis model, a rainfall-runoff model, a turbidity prediction 

model and a water supply model were integrated. The rainfall synthesis 

model applied the Latin Hypercube Sampling (LHS) method since LHS 

can represent original statistical population with much lesser samples 

than basic random sampling. Tow turbidity prediction model has been 

investigated in this study, an artificial neural network (ANN) model and a 

unit characteristic hydrograph model. The unit characteristic hydrograph 

model represents the relationship among reservoir inflow, outflow and 

reservoir turbidity based on the concept modified from traditional unit 



hydrograph. The model has fewer coefficients to be determined with 

more interpretable simulation results. By comparing the simulation 

results of the two turbidity prediction models, the unit characteristic 

model demonstrated more robust performances than the ANN one. Hence, 

the unit characteristic hydrograph model is selected as the turbidity 

simulation model used in the Monte Carlo risk analysis.  

The proposed model was applied to investigate the water shortage 

of Shihmen Reservoir water supply system during flood, and the results 

revealed that the shortage risk was about 57% without any shortage 

tolerance, while the shortage risk decreased to 34% with the tolerance 

increasing to 5%. The simulation results not only provided a valuable 

information of water supply management on Shihmen Reservoir area but 

also demonstrate that the proposed risk analysis framework is applicable 

to other reservoirs that have similar high turbidity problem. 
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