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一、設備完整性失效對製程安全之影響 

二、損傷機制應用在檢查規劃 

三、損傷機制應用在操作管控 

四、損傷機制應用在洩漏處理 

五、結語 

課程綱要 
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人員傷亡及財物損失情形 

• 8人死亡、10人重傷、48名人員輕傷，疏散民眾則約有
300戶。至少108棟房子受影響，包括38棟民宅全毀、17
棟中度損傷，53棟輕度損傷，74輛汽車受損。 

• PG&E計算天然氣損失26萬美元，管線修護費用1350萬美
元。 

• 加州公用事業委員會（CPUC）2014年9月2日宣布，PG&E
需要為此氣爆事故繳付14億美元罰款。之前CPUC已裁定，
PG&E股東需要支付6.35億美元用於更新氣管，有關費用
不可轉嫁給用戶。與此同時，PG&E也就本事故面臨聯邦
刑事起訴，包括一項妨礙司法公正和27項違反聯邦氣管
安全法，PG&E已否認控罪，如被判罪名成立，最高可被
罰款11.3億美元 
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$工安/環保問題 
 -人員傷亡 
 -環境衝擊 
 -經營環境惡化 
$資產損失 
$非計劃停爐損失 
  -減產損失 
  -檢修成本增加 
$經營環境惡化 

對企業的衝擊 
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二、損傷機制應用在檢查規劃 
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Replace the “breakdown” maintenance philosophy with 

an on-going  equipment integrity philosophy that ensures 

that process equipment and instrumentation are 

designed, constructed, installed, and maintained to 

minimize the risk of hazardous releases. 

 以一個持續設備完整性理念取代損壞維修理念,確保製

程設備和儀控從設計、建造、安裝和維護來降低危險物

質洩漏的風險 

 

什麼是設備完整性(MI)?  

CPCSUCC 
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◎Pressure vessels, storage tanks 

   壓力容器(反應器、塔槽、換熱器、分離槽……)、儲槽  

◎Piping systems (components such  as valve) 

  管路系統(包括附屬組件,例如閥體、法蘭、插管……) 

◎Relief and vent systems 

   釋壓和排放系統 

◎Emergency shutdown systems 

   緊急遮斷系統 

◎Controls( monitoring device、sensors 、 

     alarms,and interlocks) 

    控制系統(監視裝置、感測器、警報器、連鎖裝置) 

◎轉機 

   泵浦、壓縮機 

◎公用系統(冷卻水、蒸氣、空氣、電力……) 

CPCSUCC 
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MI架構(OSHA規定要項)-六大項 
1.Applications 

  適用範圍:壓力容器、儲槽、管線、儀控、安全閥、轉機) 

(MI第一步篩選出關鍵性設備和元件，RBI、FMEA、
RCM、LOPA) 

2.Written procedures 

  撰寫程序(檢查、測試、維護) 

3.Training for process maintenance activities 

  製程維護作業訓練 

4.Inspection and testing 

  檢查和測試(依據好的工程實務，RAGAGEPS) 

5.Equipment deficiencies 

  設備缺失(適用性評估) 

6.Quality assurance 

  品保(材質正確) 

CPCSUCC 
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-Identification of the credible damage mechanisms and 

failure modes for equipment included in a risk analysis is 

essential to the quality and the effectiveness of the risk 

analysis.  

-The RBI team should consult with a corrosion specialist to 

define the equipment damage mechanisms, damage 

modes (optional), and potential failure modes.  

API 580 

CPCSUCC 
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API 570 

piping circuit 

A section of piping that is exposed to a process 

environment of similar corrosivity or expected damage 

mechanisms and is of similar design conditions and 

construction material. 

NOTE 1 Complex process units or piping systems are 

divided into piping circuits to manage the necessary 

inspections,calculations, and recordkeeping. 

NOTE 2 When establishing the boundary of a particular 

piping circuit, the inspector may also size it to provide a 

practical package for recordkeeping and performing field 

inspection. 

 

腐蝕環路 

(Corrosion loop， Corrosion circuit) 

CPCSUCC 

- It is suggested that a “true” corrosion loop should be a 
grouping were the degradation mechanism is "likely" 
to be the same i.e. 

◎Material of Construction,  
◎Process fluid (similar stream properties),  
◎Temperature (roughly, or at least within the damage 

mechanisms susceptibility thresholds),  
◎Pressure (if the damage mechanism/s of concern is/are 

reliant upon pressure), and  
◎Velocity (again (if the damage mechanism of concern is 

reliant upon velocity).  
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-相同材料和類似的操作條件和類似的腐蝕因子存在
相同之腐蝕劣化機制所構成之製程區段稱之為腐蝕
環路 

-一個腐蝕環路可能存在不同腐蝕劣化機制 

-一個腐蝕環路可能存在不同尺寸管線和設備 

腐蝕環路 

CPCSUCC 
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-The corrosion rate in dead-legs can vary significantly from 

adjacent active piping.  

-The inspector should monitor wall thickness on selected 

dead-legs, including both the stagnant end and at the 

connection to an active line.  

-water can collect in dead-legs that can freeze in colder 

environments resulting in pipe rupture 

-For such systems, extensive inspection coverage using such 

techniques as UT scanning  and profile RT may be 

necessary in order to locate the area where dew-point or 

ammonium-salt corrosion is occurring.  

Dead-legs 

CPCSUCC 
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管線等級 內     容     物 

A 
(Class 1) 

1.洩漏後對安全及環境會有高度緊急衝擊者。 
2.內容物為可燃性且會自動結凍導致脆裂者。 
3.壓力狀態下之內容物，一旦洩漏或釋放後，會迅速氣化、產生蒸汽雲、
形成爆炸性混合物者，例如C2、C3、C4之油料。 
4.氣相中H2S濃度超過3 wt%者。 
5.無水氯化氫(Anhydrous Hydrogen Chloride)。 
6.氫氟酸(Hydrofluoric Acid)。 
7.操作溫度高於其自燃點之可燃性物質。 
8.含氫氣純度達80%以上者。 

B 
(Class 2) 

1.工場區之製程管線，漏出時會逐漸蒸發者 
(例如操作溫度在閃火點以下之油料管線，C5~C12之油料)。 
2.氫氣(純度低於80%者)、燃料氣、天然氣、高壓蒸汽之管線。 
3.工場區之強酸、強鹼管線。 
不屬於A、C、D類之製程管線 

C 
(Class 3) 

1.區域之作業活動並不頻繁，且洩漏時不太會蒸發者之油料管線 
(例如操作溫度低於閃火點之油料管線，高於C12之油料)。 
2.蒸餾油及產品之輸送與灌裝管線。 
3.工場區以外之酸液及鹼液管線。 

D 
(Class 4) 

1.屬於不燃性及非毒性管線。2.蒸汽、冷凝水管線。 
3.空氣、氮氣、潤滑油及密封油管線。4.純水、鍋爐水及脫酸水管線。 
5.ASME B31.3屬於D類之流体（如註）。6.自來水及排放管。 

失效嚴重度評估-API 570 

CPCSUCC 
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三、損傷機制應用在操作管控 
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4.1.2 Physical (mechanical, operational) parameters are 

those that are not chemical in nature, but include all 

other  aspects of a process design that are vital to 

maintaining control within established design parameters. 

Examples of  physical parameters include: various 

pressure and temperatures such as design, operating, 

partial pressures, dew points, dry points, heating and 

cooling rates, delta pressure, etc. In addition, there are 

flow rates, injection rates, inhibitor dosage, amperage 

levels for contactors, slurry contents, hydrogen flux, 

vibration limits, corrosion probe measurements, etc.  

物理性(機械、操作)參數，本質非化學性的， 

設計/操作壓力和溫度、結露點、乾點、加熱和冷卻速率、
差壓、流量，注入速度、抑制劑劑量、氫通量、振動限
制值、腐蝕探頭量測-------等等(不是涵蓋全部) 

物理性參數 

CPCSUCC 

Chemical parameters are those that relate to the 

chemistry and fluid content of the process. Examples of 

chemical parameters include: pH, water content, acid gas 

loading, sulfur content, salt content, NH4HS content, 

NH3  content, TAN, acid strength, amine strength, 

inhibitor concentration, chloride contamination levels, 

oxygen content,etc. 

化學性參數和製程化學性質和流體內容物有關，包括PH，
水含量，酸氣負荷，硫含量，鹽類濃度，NH4HS含量，
氨含量，TAN，酸含量、胺含量，添加劑濃度、氯濃度、
氧濃度-----等等(不是涵蓋全部) 

 

化學性參數 

CPCSUCC 
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四、損傷機制應用在洩漏處理 
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