行政院所屬各機關報告書
出國類別：考察      

建立中油公司長途輸油管線風險評估新技術
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       服務機關：中國石油股份有限公司

                 油品行銷事業部 工安環保室

出 國 人 職    稱：環境保護師

姓    名：侯 善 麟
出國地區：美國
出國期間：民國九十年十二月五日至十四日
報告日期：中華民國九十一年一月二十一日

行政院及所屬各機關出國報告提要

       出國報告名稱：建立中油公司長途輸油管線風險評估新技術

                                                        頁數  106    含附件：ˇ是□否
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       出國計畫主辦機關/聯絡人/電話：中國石油股份有限公司
       出國人員姓名/服務機關/單位/職稱/電話：

侯善麟/中國石油股份有限公司/油品行銷事業部 工安環保室/環境保護師/02-87259304
       出國類別：ˇ1考察□2進修□3研究□4實習□5其他

       出國期間：民國九十年十二月五日至十四日     出國地區：美國

       報告日期：中華民國九十一年一月二十一日
       分類號/目：

       關鍵詞：長途油管、風險評估、風險指標、內部腐蝕、外部腐蝕、地質參數、環境參數。

       內容摘要：  中油公司油品行銷事業部轄區內計有長途油管(管徑四吋以上)一八七Ο餘公里，長途油管為本公司重要輸儲設備，與我國工商業、民生需求關係密切，長途油管系統操作之安全可靠，係本公司應盡之企業責任，宜參考並評估引先進國家(美國)之技術、制度，以提升本公司長途輸油管線風險評、管理的水準。 

                   本次考察主要之目的即在於學習美國先進長途輸油管線風險評估及管理技術，提升本公司長途輸油管線風險評估、管理的水準，建立安全、高效益之管線輸儲系統。

                    本次考察不但蒐集許多長途輸油管線風險評估新技術、軟體，以及美國有關長途輸油管線風險評估法規資訊，並藉由參訪學習活動，瞭解到美國石化業及管線公司在增進長途輸油管線安全機制上所投入的努力，藉由本報告之彙總、整理與分析，更獲致1.引進美國e世代的專業長途輸油管線風險評估軟體與技術，奠定中油公司長途輸油管線風險評估優良制度，提升長途輸油管線風險評估技術水準2. 跨部門資源、技術之整合，有利於加速提升中油公司管線風險評估技術水準3. 風險評估軟體技術與設備，應可成為中油公司多角化經營的一項選擇等具體結論與建議，期能將本次考察所學，以系統化的陳述，完整地呈現，以供中油公司參考、引用，以達成本次考察之任務。
行政院及所屬各機關出國報告審核表

	出國報告名稱：建立中油公司長途輸油管線風險評估新技術

	出國計畫主辦機關名稱：中國石油股份有限公司

	出國人姓名/職稱/服務單位：侯善麟/環境保護師/油品行銷事業部 工安環保室

	出國計畫

主辦機關

審核意見
	□1.依限繳交出國報告

□2.格式完整

□3.內容充實完備

□4.建議具參考價值

□5.送本機關參考或研辦

□6.送上級機關參考

□7.退回補正，原因：□（1）不符原核定出國計畫 □（2）以外文撰寫或
    僅以所蒐集外文資料為內容  □（3）內容空洞簡略 □（4）未依行政
    院所屬各機關出國報告規格辦理  □（5）未於資訊網登錄提要資料及
    傳送出國報告電子檔

□8.其他處理意見：


	層轉機關

審核意見
	□同意主辦機關審核意見   □全部   □部分              （寫審核意見
  編號）
□退回補正、原因：                    （填寫審核意見編號）
□其他處理意見：




說明：

一：出國計畫主辦機關即層轉機關時，不需填寫「層轉機關審核意見」。

二：各機關可依需要自行增列審核項目內容，出國報告審核完畢本表請自行保存。

三：審核作業應於出國報告提出後二個月內完成。

壹、目的

本事業部轄區內計有長途油管一八七Ο餘公里，長途管線為本公司重要輸儲設備，與我國工商業、民生需求關係密切，長途油管系統操作之安全可靠，係本公司應盡之企業責任，宜參考並評估引先進國家(美國)之技術、制度，以提升本公司長途輸油管線風險評、管理的水準。

我國工安、環保法規之建立與制定，大多參考先進國家之實務及經驗，北美地區油、氣輸送大多有專業管線公司承接、辦理，且各管線公司亦各擁有相當數量之長途輸油/氣管線，有關長途輸油管線風險評估、管理之標準、規範方面，美國政府機構亦逐步建立起較為周詳嚴謹的管理模式，其新進完成的標準及規範，值得本公司參考借鏡。

此行主要之目的即在於學習美國先進長途輸油管線風險評估及管理技術，提升本公司長途輸油管線風險評估、管理的水準，建立安全、高效益之管線輸儲系統。

藉由現場觀摩及實習，學習實際參與長途輸油管線風險評估、管理新技術之作業狀況，並觀摩美國在長途輸油管線風險評估、管理技術之應用實例，期能引進具有潛力且已成熟之長途輸油管線風險管理技術，供本公司應用、參考，並藉此逐步建立起中油公司長途輸油管線風險評估新技術。
貳、過程

本次考察自民國九十年十二月五日至十四日共十天，過程如下:
九十年十二月五日：啟程前往美國洛杉磯

九十年十二月六～九日：拜訪Bass-Trigon公司，考察、收集並學習Bass-Trigon公司已被全球120個公司廣泛應用於1300餘個長途輸油、氣管線場址的風險評估、管理技術及實務。

九十年十二月十～十二日：拜訪Project Performance Corp.及 Texas Eastern Pipeline公司，實地考察、學習上述公司長途輸油、氣管線設施及其風險評估、管理制度與實務。並收集長途輸油、氣管線風險評估新技術資料。

九十年十二月十三、十四日：返程

叁、心得

一、管線風險評估的重要性及效益
    “安全”是社會大眾生命、财產及自然生態環境的最佳保障與目標，”風險”則是構成危害社會大眾生命、财產及自然生態環境的潛在敵人。長途輸油管線的營運、管理，由於受到地形、地物、地質環境、人口分佈、管線設置/設計條件、操作維護及管理方式、與防護措施等多元且複雜因素的影響，不論有形或無形的風險與其威脅皆無時無刻地存在。

    不論中外，只要是石化產業興盛之處，長途輸油管線營運、管理所發生的意外事故案例，不勝枚舉，因這些輸油管線意外事故所造成生命、財產損失，也都有據可查。表一所示，為美國交通部針對美國在1996～1999年間發生的輸油管線意外事件相關統計資料。

表一：美國交通部輸油管線意外事件原因分析統計資料
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年度

原因
	1996
	1997
	1998
	1999

	管內腐蝕
	8.2%
	23.9%
	14.3%
	18.94%

	管外腐蝕
	9.6%
	7.5%
	8.2%
	0.93%

	外力破壞
	50.7%
	41.8%
	36.7%
	32.12%

	結構或材料缺失
	9.6%
	11.9%
	19.4%
	38.17%

	其他原因
	21.9%
	14.9%
	21.4%
	9.82%


    由表一分析統計資料顯示，因外力破壞所引起之輸油管線意外事件較其他原因發生率為高，若將管線（內、外部）腐蝕成因一併計算，則將近佔輸油管線意外事故發生比例達70%之多。另外美國交通部管線安全局（Office of Pipeline Safety (OPS), The Department of Transportation）亦針對1986至2001年間美國輸送液態有害物質管線所發生的意外事故，其財物、人員損傷及洩漏量作了如下統計：

美國交通部管線安全局管線意外事故統計(1/1/1986 - 12/31/2001)
	Year 
	No. of Accidents 
	Fatalities 
	Injuries 
	Property Damage
	Gross Loss
(Bbls) 
	Net Loss
(Bbls) 

	1986
	210
	4
	32
	$16,077,846
	282,791
	220,317

	1987
	237
	3
	20
	$13,140,434
	395,854
	312,794

	1988
	193
	2
	19
	$32,414,912
	198,397
	114,251

	1989
	163
	3
	38
	$8,813,604
	201,758
	121,179

	1990
	180
	3
	7
	$15,720,422
	124,277
	54,663

	1991
	216
	0
	9
	$37,788,944
	200,567
	55,774

	1992
	212
	5
	38
	$39,146,062
	137,065
	68,810

	1993
	229
	0
	10
	$28,873,651
	116,802
	57,559

	1994
	245
	1
	*7
	$62,166,058
	164,387
	114,002

	1995
	188
	3
	11
	$32,518,689
	110,237
	53,113

	1996
	193
	5
	13
	$81,083,269
	154,960
	95,597

	1997
	171
	0
	5
	$42,810,659
	195,549
	125,700

	1998
	153
	2
	6
	$62,864,796
	149,297
	60,791

	1999
	168
	4
	20
	$43,108,560
	167,245
	104,490

	2000
	147
	1
	4
	$115,703,745
	105,968
	54,207

	2001
	109
	0
	3
	$20,893,539
	85,468
	66,393

	Totals 
	3014 
	36 
	*242 
	$653,125,190
	2,790,622
	1,679,640


Historical totals may change as OPS receives supplemental information on incidents.

* Does not include 1,851 injuries that required medical treatment reported for the October, 1994 accidents that were caused by severe flooding near Houston, Texas.
    表二所示，為中油公司在1986～2001年間發生的輸油管線意外事件相關統計資料。若將本公司輸油管線事故分析統計資料拿來和美國做個比較，則不難發現，兩者之間有著極高的相似性。在中油公司經驗裡，因管線腐蝕及外力破壞所引起之輸油管線事故亦超過總事故的70%以上，二者不謀而合。

表二：中油公司在1986～2001年間發生的輸油管線漏油事件統計資料
	事故原因
	腐蝕洩漏
	施工不慎
	自然災害
	自然破漏
	盜油破壞
	操作疏失
	修護不良

	件數
	53
	55
	13
	9
	16
	9
	1

	比率(%)
	33.97
	35.26
	8.33
	5.77
	10.26
	5.77
	0.64


註：（1）腐蝕洩漏：指管線因內、外部腐蝕致發生洩漏

（2）施工不慎：指管線因其他工程施工造成破損

（3）自然災害：指管線受大自然力量（如河川）破壞

（4）自然破漏：指管線因材質老化破損造成漏油

（5）盜油破壞：指管線因人為蓄意盜油並予破壞

（6）操作疏失：指管線因操作人員操作疏失致管線破壞

（7）修護不良：指管線因維修不妥善致管線破漏

    任何輸油管線事故除了給管理、使用單位帶來財務及企業形象損失外，更可能因油料、化學物質之外洩，造成環境污染或人員傷亡等嚴重後果，進而必需投入大批人力、物力、金錢與時間於善後處理。表三所示，為中油公司所發生的幾件與輸油管線有關之事故及其所造成的衝擊。

表三：中油公司歷年來部分輸油管線事故及其所造成的衝擊

	發生日期
	單位
	地點
	經過摘要
	影響情形／損失概況

	84.2.2
	台營總處
	台北處板橋市中正路、金華街交口一帶
	板橋市中正路、金華街一帶發生瓦斯氣爆，動用六十餘部消防車經三小時始控制火勢。經開挖查明係8"環狀瓦斯管線遭排水涵箱包住受污水長期侵害腐蝕減薄抵不住管內氣壓爆破洩氣所致。
	房屋全毀54戶半毀23戶，汽車29部、機車60部，受傷8人，共賠償約4.61億

	84.10.24
	台營總處
	新竹處新中管線
	新中管線破裂漏油，污染後龍溪海域，造成後龍溪沿案漁業受損
	賠償污染損害及間接損害賠償款共1.692億

	85.08.10
	大林廠


	外海


	第三外海輸油浮筒海底管線接頭螺絲斷裂脫落，造成燃料油外漏，海面污染面積長約四公里，寬三百公尺。
	1. 無人員受傷。
2. 賠償4.27億元

	85.08.19
	台探總處
	出磺坑礦廠
	第一四○號井壓井泵入水過量，管線震動，造成排氣管線接口鬆脫，引燃火災
	員工二人骨折，三人輕微灼傷。

	86.09.13


	高雄廠
	前鎮區鎮興橋
	十二吋液化石油氣管線配合前鎮區鎮興橋拓寬工程進行管線遷移，發生氣爆
	二十八人傷亡，賠償受災戶(含房屋、車輛等)約4.14億。

	89.10.04


	煉製事業部


	大林廠


	海底管方井34"備用管線法蘭加盲板，因短管法蘭間隙太窄，法蘭無法定位，敲除RC，使34"管線受到震動，盲板間隙滲出油水，及敲擊之火花，引發火警，致灼傷
	承商1人受傷




    由輸油管線事故的相關統計資料可知，一旦管線發生事故，其所造成的衝擊與危害，雖然輕重不一，但其負面效應可能使企業賠上長期努力經營所建立的企業形象，因此不論中外，經營輸油管線的公司、企業，莫不積極研究對策，以預防輸油管線事故的發生為目標。

    「長途輸油管線風險評估」是一種預防輸油管線事故發生的有效方法、措施及工具，藉由風險評估方法、模式之建立與執行，逐步實施、檢討改善；根據國內、外多年來所獲得經驗，若能真正落實風險評估制度，的確可以達到預知及降低風險的實質效益。

二、中油公司現行長途輸油管線風險評估制度

「長途輸油管線風險評估」至少包含下列各項：

1. 潛在輸油管線事故徵兆與事故成因分析。

2. 潛在輸油管線事故發生可能性及其嚴重性檢驗、分析。
3. 長途輸油管線風險及因應對策之建立。

4. 長途輸油管線風險辯識與分級方法之建構。

5. 完整改善成效追蹤制度之建立。

其具體作為則需藉由執行外力破壞風險指標、管線腐蝕風險指標、管線設計風險指標、操作失誤風險指標及洩漏因素風險指標等項目的評估，進而綜合估算出長途輸油管線風險總合指數，並與設定之管線風險總合指數比較，作為是否已超出可容忍管線風險總合指數，而必須採取改善措施的依據。

    中油公司是國內唯一具有長途輸油管線長期操作營運且經驗豐富的企業，在長途輸油管線風險評估工作上一直是努力不懈，全力以赴，目前中油公司已建立起一套適合於我國環境的長途輸油管線風險評估制度，除了累積相當寶貴的實務經驗以及大量的數據外，並精益求精，不斷地檢討改進，期能持續地自我提升。

    中油公司為確實執行長途輸油管線風險評估，制定有「中國石油公司管線風險評估實施辦法」（草案），其中明述，為評估本公司各單位所轄長途輸油氣管線之風險並依風險因素，實施各種保護、防範、改善措施，進而降低管線風險，維持管線輸儲暢通、保障人民身家安全、社會國家安定，訂定本辦法；而實施方式如下：

1. 每季選擇一或數條（共管溝）管線實施評估。

2. 參照Mr.W.Kent Muhlbauer所著管線風險管理手冊（第二版）內容，將評估標的管線依：一、外力介入損害指標 二、腐蝕損壞指標 三、設計指標 四、不當操作指標，進行分析，考量洩漏衝擊因子，求得管線相對風險評分並針對評估所得分數低之高風險管線訂定改善計畫，實施改善，降低管線風險。
3. 公司各單位應於每季結束後一週內提報該季風險評估報告及下一季評估標的管線相關資料（名稱、長度、管徑、管齡、材質、操作壓力、輸送油料種類及經過路徑）。
4. 每季由召集人召開管線風險評估小組會議，檢討各單位管線風險評估實施及改善措施執行情形。
    中油公司管線風險評估小組，目前由儲運處陳處長傑源擔任召集人，安環處副處長、各煉油廠技術副廠長及油品行銷事業部副執行長擔任副召集人，其主要工作為：
1. 研討修訂風險評估項目給分標準。
2. 至各單位現場實地現況瞭解並複評。
3. 就管線風險狀況提出建議或改善方案。
三、中油公司長途輸油管線風險評估成果

    為積極落實長途輸油管線風險評估，中油公司召集各單位於89年1月19日開會研討油氣管線系統風險評估之實施方式並於會中邀請國營會工安環保室侯主任庸、尚秀貞小姐及專家蔡委員明曉博士講授油氣管線系統風險評估。截至90.06.30止，中油公司已實施管線風險評估總長度為694.405公里，其執行情形如下表所示：

表四：中油公司已辦理風險評估管線一覽表
	單位名稱
評估時間
	評估管線名稱
	評估長度
km
	管徑
吋
in.
	管厚

吋
in.
	材質
	D.P/MAOP
kg/cm2
	啟用
時間

	高雄廠

89.04~06
	高雄廠至石化站LPG線及氮氣線各一條
	20.7×2條
	6
	0.28
	API 
5L-B
	45.7/36
	86完工未用

	89.10~12
	烏材林輸油站至二橋輸油站24"-C管線
	29.5
	24
	0.688
	API 
5L-X52
	70.4/43.5
	83/06

	90.01~3
	高廠半屏山輸油站至大林煉油廠中林課之10”BTX/MF管線
	28.914
	10
	0.365吋
	API 
5L-B
	50/42
	85/02

	90.04~06
	高廠北區儲運課至林園廠輸油課4"甲苯輸油管線
	35
	4
	SCH

40
	API 
5L-B
	28/21
	72

	大林廠89.04~06
	大林廠至林園廠LPG線
	8
	6
	0.28
	API 
5L-B
	47.5/25.1
	65/05

	89.10~12
	大林廠至二橋輸油站原油管線
	29.5
	24
	0.688
	API 
5L-B
	70.4/43.5
	83/06

	90.01~3
	大林至林園DL-6”-PP管線
	8
	6
	0.28
	API 
5L-B
	50/26
	80/08

	90.04~06
	大林煉油廠中林輸油課至高雄煉油廠烏材林輸油站16''地下管線
	30.32
	16
	0.5
	API 
5L-B
	
	83/01

	桃園廠89.04~06
	桃園廠至沙崙輸油站原油管線
	15.2
	30
	0.5
	API 

5L-X52
	35.2/20
	82/03

	89.10~12
	桃園廠至空軍龜山加壓站白油管
	7.34
	6
	0.28
	A53B
	50.63/40
	64

	90.01~03
	桃廠沙崙儲運課輸送至南崁儲運課30吋原油管（管號24301）。
	14.573
	30
	0.5
	API 

5L-X52SAW
	50/20
	83/5

	90.04~06
	桃廠沙崙儲運課輸送至南崁儲運課16吋燃料油管
	14.573
	16
	0.375
	API 

5L-X52SAW
	84/45
	83/5

	林園廠89.04~06
	林園廠至高廠4吋聚合級丙烯管線
	34.1
	4
	0.237
	API 
5L-B
	52/30
	67/5

	89.10~12
	林園廠至中化大社廠化學級丙烯管線
	32
	4
	0.237
	API 
5L-B
	50/20
	67/5

	90.01~3
	林園石化廠至高雄煉油廠五輕 8” 乙烯管線。
	34.1
	8
	0.322
	API 
5L-B
	50/26
	67/5

	90.04~06
	林園石化廠至高雄煉油廠6"粗汽油（C5、C9）管
	35
	6
	0.28
	API 
5L-B
	50/36
	67/5

	台探總處89.04~06
	出磺坑至錦水汽油廠LTS線
	10.35
	12
	0.375
	API 
5L-X52
	101/60
	83

	89.10~12
	鐵鉆山礦廠至錦青處理廠LPG管線
	30.2
	6
	0.28
	API 
5L-X52
	67.6/50
	85

	90.01~3
	鐵砧山礦廠至錦青處理廠六吋原油管線。
	30.2
	6
	0.28
	API 
5L-X52
	50/42
	85

	油品行銷事業部89.04~06
	基隆處深澳港供油中心至石門供油中心燃料油管線
	23.5
	16
	0.375
	API 
5L-X52
	50/40
	71

	89.07~09
	台北處「五股供油中心至桃廠燃料油管線」
	6
	20
	0.375
	API 
5L-B
	92/44，

目前15.6
	64

	89.07~09
	嘉南營業處「台南供油中心至豐德供油中心」
	12.7×3條
	8
	0.312
	API 
5L-X52
	101/70
	71

	89.07~09
	高雄處「橋頭供油中心至高廠燃料油管線」
	2.66
	16
	0.375
	API 
5L-B
	50/30
	73

	89.07~09
	台中處「台中配氣站至大安溪過河段輸氣管
	18.44
	26
	0.625
	API5L-X52
	101/70
	79

	89.07~09
	嘉南處「仁德隔離站至台南配氣站輸氣管」
	12.17
	26
	0.625
	API5L-X52
	101/70
	79.12

	89.07~09
	高雄營業處高雄供氣中心「永安液化天然氣廠至岡山隔離站輸氣管」
	14.1
	30
	0.75
	API5L-X52
	101/70
	79

	90.01~3
	桃竹苗營業處新竹供油中心至中化公司頭份廠。
	24.325
	12
	0.312
	API 
5L-GR-B
	
	72

	90.01~3
	台中營業處王田供油中心至台中港務局閥箱八吋汽柴油管線各一條。
	22.5
	8
	0.312
	API5L-X52
	50/40
	72

	90.01~3
	東區營業處花蓮供油中心至北埔供油中心八吋汽油管線。
	8.1
	8
	0.322
	API5L-X42
	50/40
	64

	90.04~06
	基隆港西33碼頭至台電協和電廠18吋燃料油管線
	1.9
	18
	0.562
	API-5LX52
	
	81/1

	90.04~06
	台北營業處淡水河北岸至內溝溪南岸14”、10” 、8”、4”。
	13×4
	14

10

8

4
	
	
	
	76

	90.04~06
	桃竹苗營業處桃園供油中心桃廠至牛角坡20吋燃料油管線
	15
	20
	0.375
	API-5LGRB


	
	64


    附件一係林園石化廠送中國石化公司大社廠4吋化學級丙烯

長途管線風險評估報告書，由報告書內容不難看出，長途管線風險評估工作必需考量多種複雜的因子，才能獲致評估結論與具體因應、改善建議與計畫。

四、美國奧林匹克及新墨西哥州輸油、氣管線重大事故

    1999年6月11日美國華盛頓州奧林匹克管線公司（Olympic Pipeline）所屬16吋長途地下輸油（汽油）管線，在位於Bellingham區段發生爆裂意外事故，由於發生爆裂意外事故地點靠近當地一所學校，這件事故造成了當地三名青年學生在事件中喪生，此一不幸事件經傳播媒體批露後，舉國震驚，並立即引發廣泛的關切與討論。各界除了檢討這起意外事故成因，以及未來防範之道以外，各政府及聯邦政府並立即著手修訂，並通過多項管線安全管理相關法案，希望藉由更嚴格的管制措施，及法令規定來加強管線安全管理，因此奧林匹克管線公司長途地下輸油（汽油）管線Bellingham區段爆裂意外事故，不但促使美國各界更加重視管線安全管理，該事件亦成為近年來美國管線安全管理的指標事件，圖一、二、三所示即奧林匹克管線公司長途地下輸油（汽油）管線Bellingham區段爆裂意外事故現場調查、整修之實際狀況。附件二為該事件自發生以來，各級主管機關及奧林匹克管線公司所採取的各項積極調查、改善措施紀要以及美國交通部管線安全局對此事件之現況報告。
圖一、奧林匹克管線公司Bellingham段管線爆裂意外事故現場狀況
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圖二、奧林匹克管線公司管線爆裂意外事故開挖、油料清理
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圖三、奧林匹克管線公司管線爆裂意外事故爆裂管線修護
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    在奧林匹克管線公司長途地下輸油（汽油）管線Bellingham區段爆裂意外事故發生一年後（2000年8月19日），不幸地另一起重大管線意外事故又再度發生於新墨西哥州(Carlsbad, New Mexico)，這回發生意外事故的是一條30吋天然氣輸氣管線（圖四），這起管線意外事故（起因於管線內部腐蝕）奪去一家共十二條寶貴生命，至此美國各界更是痛定思痛，決心要徹底做好管線安全管理工作，而管線風險評估與管理正是這項工作中非常重要的一環，e世代的專業長途輸油管線風險評估軟體與技術更紛紛的被重視與採用，以期能透過日新月異的電腦科技優勢，使長途輸油管線風險評估發揮其最佳效益。

圖四、新墨西哥州Carlsbad 30吋天然氣輸氣管線意外
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五、美國e世代的專業長途輸油管線風險評估軟體與技術

e世代的專業長途輸油管線風險評估軟體(IAP)

    Integrity Assessment Program (IAP)系美國Bass Trigon公司依據美國長途輸油/氣管線風險評估相關法規、標準及規範所研發完成之專業長途輸油/氣管線風險評估軟體，經Bass Trigon公司於1994年商業化以來，已獲得世界各國四十餘家大型石化業及油/氣管線公司採用，隨著使用者經驗的累積以及美國長途輸油/氣管線風險評估相關法規、標準日趨嚴格化地修訂（例如美國交通部1996年Accountable Pipeline Safety & Partnership Act），至今Integrity Assessment Program (IAP)不但已經在功能上有大幅提升，且其應用的方便性及效益亦同時獲得使用者肯定，目前有愈來愈多的石化業及油/氣管線公司考慮應用Integrity Assessment Program (IAP)於管線風險評估工作。

    Integrity Assessment Program (IAP)為一整體性管線風險評估軟體系統，該系統藉由管線相關資料、監測數據、現地查核、歷史記錄及定期量測等數據、資訊的導入，再透過IAP內各相關程式系統之運算、分析，可達成下列各項管線風險評估結果/成效：

1. 各管線區段風險值。

2. 高風險管線段定位（指出高風險管線段座標，管線段單位：英呎）。

3. 高風險管線段現存風險因素及其相對風險度分析、評估。

4. 各風險因素在高風險管線段可能增、減的趨勢。

5. 研擬高風險管線段改善對策計畫建議。

6. 評估不同改善對策計畫之成本、效益，並提出最佳化方案。

7. 提供上述各項目的數位化/量化統計、分析圖表，以替代冗長文字說明，提升管線風險評估成效，同時提高決策速率及效率。

Integrity Assessment Program (IAP)流程

下列流程圖為使用Integrity Assessment Program (IAP)軟體系統的程序概念圖，為有效達成管線風險評估預期成效，除了藉助專業軟體系統之運算、分析功能，即時、正確、有效資訊、數據之取得與鍵入（如下圖中GIS、CDPM 及Interview部分），亦是重要的一環。
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應用(IAP)進行管線風險評估

1. 鍵入管線資訊、數據：

下列各項管線資訊、數據為應用(IAP)進行管線風險評估時，應鍵入的管線資料（下圖為IAP管線資訊、數據鍵入範例）：

a. 管線設計資料：如管材、管厚、管徑、包覆材料、操作壓力等。

b. 防蝕措施資料：陰極防蝕基本資料、電位測試站資料。

c. 管線經過敏感區域資料：如機場、過河段、鐵、公路、人口密集區等。

d. 壓力及各種管線測試資料。

e. 地質、環境資料：如土壤型態、地層滑動資料、人口分佈、生態環境敏感帶等。


2. 高風險管線段分析、定位：

    鍵入足夠管線資料後，IAP系統便能分析並定位高風險管線段（詳如下圖範例）。



3.主要管線風險指標分析：

    利用IAP系統主要管線風險指標分析功能，可以針對形成高風險管線段之各種可能風險指標進一步評估、分析，進而找出最具影響力及決定性的管線風險指標參數（詳如下圖範例）。


4.研擬高風險管線段具體改善對策計畫方案：

    除了上述各項功能，IAP並可供線上高風險管線段具體改善對策計畫方案研擬、評估用途，透過簡明扼要的分析圖表，及強力的系統運算功能，可大幅提升決策時效，節省人力、物力及成本（詳如下圖範例）。


5.評選最佳改善對策計畫方案：

    將已擬妥之各套改善對策計畫方案相關措施，轉換成管線風險指標參數，IAP便可迅速計算、模擬各套方案所能幫助降低風險量，並協助評選出最佳改善對策計畫方案（詳如下圖範例）。






   依據美國長途輸油/氣管線風險評估相關法規、標準，管線高風險區段之強化安環措施必須遵循一定的流程與模式，下圖所示即為管線高風險區強化安環措施模式。


6. 管線風險評估效益之確認：

    在評選並執行最佳改善對策計畫方案後，將已改善後之管線現況資料鍵入IAP系統，再重複步驟1至5，便可對管線風險評估及改善對策計畫方案成果之效益進行確認。

六、其他長途輸油管線風險評估、管理相關軟體系統：

石化設施/備風險評估軟體系統（Orion）：用於石化設施/備（如輸油泵、油槽、集管設施、消防系統等）風險評估工作。

管內檢查管理軟體系統(In-Line Inspection Manager ILIM)：用於定期管內檢查數據資料整理、分析，長期資料庫建立，以及管內檢查相關資訊整體管理。

陰極防蝕資訊管理軟體系統(Cathodic Protection Data Manager)：用於陰極防蝕資訊（陰極防蝕基本資料、電位測試站資料、電位檢測數據）之分析、長期資料庫建立，以及管理。

七、美國管線風險管理制度標準、規範：

    美國交通部管線安全局（The Office of Pipeline Safety (OPS), The Department of Transportation）、美國石油協會（American Petroleum Institute）、美國州際天然氣協會（Interstate Natural Gas Association of American）等多個專業機構，於1996年提出了一分「管線風險管理制度標準規範」（Risk Management Program Standard），供石化業及管線公司遵循，其內容精神與本公司現行之安環查核制度及做法非常類似，唯整分文件中對具體作為、程序、單元等，有詳盡的描述，值得中油公司參考借鏡，故將其完整全文收錄於本報告書之附件三。
肆、結論與建議

1. 引進美國e世代的專業長途輸油管線風險評估軟體與技術，奠定中油公司長途輸油管線風險評估優良制度，提升長途輸油管線風險評估技術水準：根據本次考察行程所見所聞，長途輸油管線風險評估資訊化專業軟體與技術已普遍被美國各大石化業者及油/氣管線公司用來提升管線風險評估效率，以因應日趨嚴格的法令要求。中油公司在工安環保工作上一向是積極努力，以達到零災害為最終目標，因此對於新技術之引進，亦是不遺餘力，「引進新技術」乃長途輸油管線風險評估長程目標之一。本報告所提及之長途輸油管線風險評估軟體「Integrity Assessment Program (IAP)」，於研發過程中，曾經與Mr.W.Kent Muhlbauer有過長期密切的合作關係，因此其架構與原理，與中油公司目前所依循的「管線風險評估準則」及Mr.W.Kent Muhlbauer所著管線風險管理手冊(Pipeline Risk Management Manual)，可謂師出同門，應可不經大幅更動下，直接引進使用，其引進可行性極高；再者該軟體與技術經多年使用，不斷改進、提升亦早已獲得美國管線安全主管部門之認可，其技術層次與品質水準應值得信賴。

2. 跨部門資源、技術之整合，有利於加速提升中油公司管線風險評估技術水準：有鑑於管線風險評估所涉及之各項風險指標的複雜度，所需相關專業領域亦屬多元化，除了藉助專業的長途輸油管線風險評估軟體、技術，仍需多種相關專業人員配合。例如煉製研究所目前正負責研發中油公司管線防蝕、測漏相關技術，儲運處及油品行銷事業部儲運室與所屬各供油中心則是中油公司管線設計、操作、維護專家，而工務及安環部門則熟悉管線設計、施工、安環事件處理，及相關法規等專業項目，唯有藉由跨部門資源、技術之整合，才能在短期內加速提升中油公司管線風險評估技術水準。

3. 風險評估軟體技術與設備，應可成為中油公司多角化經營的一項選擇：「工安環保零災害」為產業界共同的目標，中油公司已累積許多寶貴經驗，配合新軟體技術與設備的引進與研發，並確立SOP作業流程，除了可以增進自身工安環保目標達成與技術提升外，亦值得將所建立之技術商業化，成為多角化經營的另一項服務。

4. 資訊化、自動化與專業化為必然趨勢：中油公司正面臨著民營化、自由化等多種考驗，成功的企業永遠必須面對並迎接各種挑戰及考驗；然而危機便是轉機，資訊化、自動化與專業化為產業發展必然趨勢。藉由本報告，希望提供中油公司再創新局的一個參考與建議，身為中油公司一份子，只要對公司的前景有助益，相信每一位同仁皆願意全力以赴。

附件一：

林園石化廠送中國石化公司大社廠4吋化學級丙烯

長途管線風險評估報告

評估日期：89.11.30
廠長：              副廠長：             課長：            主辦人：方坤和
林園石化廠長途管線風險評估
· 評估範圍
目標管線：林園      中化公司大社廠 4” 化學級丙烯管線

管徑：4”( 外徑4.5”)
管厚：0.237”(sch 40)  材質：API5L-B

長度：約32000 M

輸送油料：化學級丙烯
啟用日期：民國67年5月
路徑：林園廠第二長途油管清管站→林園大排水溝西側→石化一路→工業二路→大寮鄉會結路→潮寮路→台21線道路→溪寮路→義和路→鳳屏路口(以上約18.4KM為林園石化廠巡管轄區，以下約13.6KM為高雄廠石化處巡管轄區)→中油水管路→鳳仁路→仁武鄉永宏巷→興工路→中化公司大社廠
管線分段：第一段：林園廠第二長途油管清管站至大寮鄉義和村義和路、鳳屏路交叉口

第二段：義和路、鳳屏路交叉口至中油水管路、鳳仁路交叉口

第三段：中油水管路、鳳仁路交叉口至鳳仁路、仁武鄉永宏巷交叉口

第四段：鳳仁路、仁武鄉永宏巷交叉口至中化公司大社廠





 

泵油單位：林園廠輸油課化學級丙烯儲槽區
收油單位：中化公司大社廠化學級丙烯儲槽區

· 評估方式
依W.Kent Muhlbauer所著管線風險管理手冊（第二版 ）所述，管線相對風險分數範圍從0(最高風險)~2000(最安全)，而大部份碳氫化合物管線之相對風險分數在10~300之間。本次評估方式為單獨評估每段管線之相對風險分數。

· 評估實況

依各危害相關因素進行各段路線風險評估

· 結 論 ：

1. 管線輸送化學級丙烯， 在第一段、第二段、第三段、第四段之相對風險評分如下：

A. 假設化學級丙烯管線因故全然斷裂：

以前面三分鐘洩露為液態，後七分鐘洩露為氣態來計算洩露量評估，得到第一段、第二段、第三段、

第四段的相對風險評分結果分別為 50.4 ； 50.8 ； 53.5 ； 164.4等。 

B. 假設化學級丙烯管線因故部份破裂：

以化學級丙烯的全輸送量之 1/5 洩露十分鐘計算洩露量評估，得到第一段、第二段、第三段、第四段的相對風險評分結果分別為 62.9 ； 63.5 ； 66.8 ； 204.1等。

依以上兩種評分方式結果：

(1).第一段、第二段、第三段：第一段因有高屏大橋擴建工程施工，外力破壞指標分數最低。第一、二、三段人口密度較高，管線洩漏對環境、人口 衝擊力大，故所得相對風險指數均較低(風險高)。

(2).第四段：鳳仁路、仁武鄉永宏巷交叉口至中化公司大社廠路段位於大社石化工業區內，廠商全是本公司客戶，對管線安全性充分了解，區內幾乎沒有住戶，故在外力破壞指標及管線洩漏衝擊影響方面得分最高(風險低)。
2. 第一段、第二段、第三段因為評估結果風險較高，故建議從可行或易於改善項目著手改善，藉以降低其風險性。

· 改善建議 ：

	評估項目
	建 議 改 善 計 量
	預定完成日期
	負責單位

	I.第三者損害指標

	D.通報系統
	建議第二、三段設置管線位置警示標誌及專線電話號碼，指定受話單位。
	
	高雄廠

	II.腐蝕損壞指標

	A.大氣腐蝕
	
	
	

	2.大氣對管線腐蝕
	2.石化一橋旁地上管部分目前用油漆保護，需定期油漆保養，建議改用防蝕包覆，防蝕效果較佳
	90.1.31
	維護課

	10.內部檢測工具
	10.本管線無使用智慧型清管器檢測之計劃
	無計劃
	

	III.設計指標

	D.衝擊
	建議於泵出口加裝壓力控制機構，防止操作壓力超過MAOP10%
	90.12.30
	輸油課

	E.系統水壓試壓
	本管線自66年啟用後至今尚未試壓，建議安排時間進行壓力試驗
	90.06.30
	輸油課

	IV.不當操作指標

	C.操作
	
	
	

	2.SCADA/通訊、監控系統
	建議規劃自動搖控SCADA系統
	90.06.30
	輸油課

	5.評估
	建議智慧型清管器評估管線變形情況 
	建議公司統一發包
	設檢課


	I第三者損害指標(100)
	
	
	
	
	
	
	
	

	A.埋管深度  （20）
	1.1M  

110 / 2.54 / 3=14.4


	0.5M  

050 / 2.54 / 3=6.56


	1.6M  

160 / 2.54 / 3=21.0


	1.5M  

150 / 2.54 / 3=19.7
	14.4
	6.6
	20.0
	19.7

	B.工程施工活動+狀況：       (20)


	本段管線附近之工程活動有高屏大橋擴建、大寮鄉公所、電力公司等單位開挖施工，於89年8月、9月、10月分別為3；3；4，平均每月3件。
	在此區段內，管線附近有公路局、電力公司等在開挖施工，於89年8月、9月、10月分別為1；2；3，平均每月2件。
	在此區段內，有自來水公司、電力公司等在開挖施工，於89年8月、9月、10月分別為1；2；1，平均每月1件。


	在此區段內，無工程單位在此區段內開挖施工，於89年8月、9月、10月分別為0；0；0平均每月0件。
	8
	15
	15
	20

	C.地上油管防護設施：    (10)
	石化一橋旁地上管部份有橋護欄保護
	本段無地上管設施
	本段無地上管設施
	本段無地上管設施
	10
	10
	10
	10

	D.通報系統：
	
	
	
	
	

	1.廣為宣傳，在社區內眾所週知         (2)
	a. 社區居民不知通報系統
	0
	0
	0
	0

	2.符合ULCCA之標準      (2)
	b. 符合ULCCA之標準(系統操作時數、記錄保存、通報處裡方式、下班後之通報系統、適時之通報)


	2
	2
	2
	2

	3.對於通報電話能做即時適當之反應  (5)
	c. 對於自外界而來之通報均會直接通知安管中心，再通知操作及修護單位處裡


	5
	5
	5
	5

	4.法律所強制實施者 (4)                     
	d. 法律對於通報並無規定


	3
	3
	3
	3

	5.通報效率與可靠度有證明記錄者     (2)
	e. 通報效率及可靠度在安管中心有一定的通報程序、對象及時限


	2
	2
	2
	2

	E.民眾教育計畫：
	
	
	
	
	

	1.宣傳           (2)
	a. 從未寄出任何宣傳函
	0
	0
	0
	0

	2.與主管機關聯繫 (2)
	b. 本廠製作管線路徑示意圖分送縣政府、警察局及沿線各鄉公所
	2
	2
	2
	2

	3.與施工單位聯繫 (2)
	c. 台電、中華電信、自來水公司等施工單位施工前均會請本廠套繪地下管線圖，唯尚有部份零星工程則無
	1
	1
	1
	1

	4.社區教育       (2)
	d. 從未為社區團體舉辦定期教育
	0
	0
	0
	0

	5.與鄰居溝通     (4)
	e. 本廠未至鄰近居民挨家拜訪並溝通，平日與社區民眾及團體保持良好互動、敦親睦鄰及回饋建設
	1
	1
	1
	1

	6.與承包商溝通   (2)
	f. 從未寄件至承包商及挖掘商與其溝通，承包商若工程需要向本廠提出需求，本廠會提供相關資料
	1
	1
	1
	1

	7.以刊物宣傳     (1)
	g. 第一段沿線設有標示牌告知有地下管，第二/三/四段則無
	1
	0
	0
	0

	F.路權狀況：       (5)
	管線路徑標示明確；穿過馬路、鐵道、排水箱函、水溝之管線已明確標示於管線路徑示意圖


	3
	3
	3
	3

	G.巡邏頻率：      (15)
	目前每天全線由高廠石化處、林園石化廠朝中心點(大寮鳳屏路及義和路中山路交界處)巡邏二/一次

	15
	15
	15
	15

	II.腐蝕損壞指標：(100)
	
	
	
	
	
	
	
	

	A.大氣腐蝕：      (20)
	
	
	
	
	
	
	
	

	1.管線相關設備  （5）
	管線在穿越林園大排水溝時，由地面穿出附掛於石化一橋旁(長約九十公尺)


	管線無其他相關之設備
	管線無其他相關之設備
	管線無其他相關之設備
	2
	5
	5
	5

	2.大氣對管線腐蝕
（10）
	管線只在A.1項內露出地面
	所有管線均埋在地下
	所有管線均埋在地下
	所有管線均埋在地下
	8
	10
	10
	10

	3.地上管塗漆與檢查
（5）  
	僅過溪部份如A.1/A.2 屬此項。此段地上管線之塗漆材質、施工環境控制、施工方法與檢查均依本廠ISO標準程序。
	此段均屬地下管，故評分給滿分
	此段均屬地下管，故評分給滿分
	此段均屬地下管，故評分給滿分
	5
	5
	5
	5

	B.內部腐蝕        (20)
	
	
	
	
	

	1.產品腐蝕：    (10)
	本管線專門輸送化學級丙烯腐蝕性甚小，不須防護
	10
	10
	10
	10

	2.內部防護：    (10)
	因管內腐蝕甚微，無需抑制劑
	10
	10
	10
	10

	C.地下管線指標   （60）
	
	
	
	
	

	1.陰極防蝕電位：（8）
	管線沿線設有5座整流站32個測試點，每月定期量測，最近量測之電位均比－850mv更負，已達到有效保護 
	8
	8
	8
	8

	2.管外包覆狀況：（10）
	
	
	
	
	

	2-1.包覆物材質(附著力、硬度、彈性、受溫度之影 (2.5)
	採柏油包覆，物料均為廠供料，品質符合目前地下管所處環境


	2.5
	2.5
	2.5
	2.5

	2-2.施工之前處理(2.5)
	施工前之處裡(除塵、包覆厚度、環境溫濕度)均依標準程序，物料均為廠供，柏油品質符合規範
	2.5
	2.5
	2.5
	2.5

	2-3檢查員之資格(2.5)
	檢查人員資格程序，檢查文件之保管均符合ISO規定， 
	2.5
	2.5
	2.5
	2.5

	2-4.地下管包覆修補之程序與及時性                             (2.5)
	若發現有破損時，立刻通知修護單位修護
	2.5
	2.5
	2.5
	2.5

	3.土壤腐蝕性(以土壤在1.5~2.0m深度的電阻表示)         （4）
	經實地測量管線沿線32座測試站附近土壤之比電阻介於500-10000 ohm-cm  故得點 2
	2
	2
	2
	2

	4.系統使用年數  （3）
	於民國67年啟用，使用期間已超過20年

	0
	0
	0
	0

	5.距本管線150M內之其他平行交叉管或套管：                       (4) 
	計有已知之同管溝管現在本區段內有15條，已有足夠電位保護
	本區段內同管溝管內共有18條管線，已有足夠電位保護


	本區段內同管溝管內共有

4條管線，已有足夠電位保護
	本區段內同管溝管內共有

5條管線，已有足夠電位保護
	2
	2
	4
	4

	6.交流電感應電流 (4)
	管線在林園大排水溝西側約1000公尺之範圍內有高壓電纜平行架設其上
	於中油水管路、美庄路交叉口旁台電高壓變電所


	本區段內於仁武中油加油站前500呎內有台塑高壓變電所
	本區段內500呎內無高壓線架設
	2
	2
	2
	4

	7..機械腐蝕效應  (5)
	實際安全厚度=實際厚度－腐蝕裕度 (C )

實際厚度：經實地測量石化一橋旁地上管部份，最小管厚度：ta (實際) = 0.2126"   C = 0.125"

實際安全厚度= 0.2126－0.125=0.0876"

API5L-B鋼材最小降伏度Sy=35000psi  縱向焊縫係數E=1.0 

依ANSI B31.4 容許周向應力 S=0.72×E×Sy=0.72×1.0×35000=25200psi

最大允許操作壓力 MAOP = (實際安全厚度×2×容許周向應力S)÷管線外徑

                       =(0.0876×2×25200)÷4.5=981.12psi=69.09 Kg/cm2

應力等級=(正常操作壓力÷MAOP)×100%             正常操作壓力=20 Kg/cm2

        =(20÷69.09) ×100%=32.84%

環境分數=產品腐蝕性＋土壤腐蝕性=10＋2=12  查管線風險管理手冊4-1機械腐蝕效應表查得 4點
	4
	4
	4
	4

	8.測試點間距及測量頻率(6)
	目前測量電位之測點位置每兩相鄰點之平均間距為1.1公里。<1哩(1.6公里)評點得3點。每兩次測試時間間距為1個月得3點。


	6
	6
	6
	6

	9.緊密電位之測試 (8)
	在民國88年完成，得點=8-0.25=7.75


	7.75
	7.75
	7.75
	7.75

	10.內部檢測工具(8)
	在民國67年啟用後未以form  pig 通管、清理pig清洗管線。     (8-22＜0)

	0
	0
	0
	0

	III.設計指標：   (100)
	
	
	
	
	

	A.管線安全係數  (20)
	實際厚度：經實地測量石化一橋旁地上管部份，最小管厚度：ta (實際) = 0.2126"

所需最小管厚 ：t min. =( Pi *Do / 2σ) + 腐蝕裕度 (C ) 
化學級丙烯：Pi (最大操作壓力) = 20 Kg/cm2 =284 psi

σmax ( 管子降伏強度) = 35000 psi

Do = 4.5"               C = 0.125"   

故 : t min (CP)  = (284× 4.5) ÷( 2 × 35000)＋0.125 =0.143 "

tr＝0.143×1.1＝0.158

ta / t min  = 0.2126÷ 0.158 =1.345      故 得點 9


	9
	9
	9
	9

	B.系統安全係數(=設計壓力 /最大操作壓力)         (20)
	管線系統耐壓最小設備元件為300磅的閥及法蘭，其耐壓額定值=720psi

管線最大操作壓力 = 20 Kg /cm2

系統安全係數 = 720÷（20*14.2）= 2.54

得點 ＝（2.54－1）×20 ＝30.8＞20   故 得點 20 


	20
	20
	20
	20

	C.疲勞所引起之風險(15)
	操作週期(Lifetime Cycles)(受壓次數)= 2次/週 ×52週/年×25年 ＝ 2600次

t ＝（最大操作壓力－管線靜止壓力）/ 最大允許操作壓力×100 
t ＝（20 Kg/cm 2 －7 Kg/cm 2） / 69.1 Kg/cm 2 ×100 = 18.81 %
依P.121 ，表5-1所示得點為10


	10
	10
	10
	10

	D.衝擊          (10)
	操作壓力驟升超過最大操作壓力(MAOP)10%之可能性：本管線在計量站裝有壓力高警報儀器，可於控制室監視此訊號，且操作壓力超過MAOP10%之機率幾乎沒有。 


	10
	10
	10
	10

	E.系統水壓試壓  (25)
	
	
	
	
	

	1.試水壓力/MAOP (15)
	管線完工時以設計壓力之1.5倍作水壓試驗         故  得點為 15
	15
	15
	15
	15

	2.試壓後之時間   (10)
	試壓日期為66年，故點數=10-(自上次試水壓至今年數) = 10 － 22 = －12
	0
	0
	0
	0

	F.土壤滑動       (10)
	
	
	
	
	

	1.滑移           (10)
	從未測定
	0
	0
	0
	0

	2.應力釋放 (-1~3)
	無
	0
	0
	0
	0

	IV.不當操作指標 (100)
	
	
	
	
	

	A.設計           （30）
	
	4
	4
	4
	4

	1.危險確認      （4）
	林園石化廠輸油課用以泵送化學級丙烯之計量站設有：
	
	
	
	

	
	1、低壓(18.0Kg/cm2)警報之裝置，以防輸油中漏油時自動警報
	
	
	
	

	
	2、高壓(22.0Kg/cm2) 警報之裝置，以防送油已開始而收油端之閥未開致超壓狀態時自動警報
	
	
	
	

	
	3、低流率(28.8KL/hr)警報之裝置，以防送油已開始而收油端之閥未開致超壓狀態時自動警報
	
	
	
	

	
	4、高流率(35.2KL/hr)警報之裝置，以防輸油中漏油時自動警報
	
	
	
	

	
	5、釋放閥：當管線停用又送收兩端均關閥，而管線因溫度升高時膨脹的聚合級丙烯藉此釋壓
	
	
	
	

	
	輸油課針對操作上每一種可能發生危害的狀況加以檢討，並提出預防措施或緊急救援的書面化對策並定期演習
	
	
	
	

	2.達到或超過最大操作壓力           (12)
	因有IV-A-1 所數五項保護裝置，所以其可能性幾乎為零
	12
	12
	12
	12

	3.安全系統     (-3~10)
	
	
	
	
	

	3-1.安全設施    (6)
	現場有上述IV-A-1 所數五項保護裝置，故其得分為6
	6
	6
	6
	6

	3-2.監視器      (3)
	在計量房內均有安裝閉路電視監視輸送
	1
	1
	1
	1

	4.材料選擇
	
	
	
	
	

	4-1.規範        (2)
	對於管線、管件、螺栓、螺帽，包覆、塗料之材質與安裝均有詳細的規範
	2
	2
	2
	2

	4-2.應力查核    (2)
	對於管線、管件及附件等之應力計算、材料選用均有合格工程師簽名
	2
	2
	2
	2

	5.核簽           (2)
	設計圖及安裝均有主管核准方可施工
	2
	2
	2
	2

	B.建造         （20）
	
	
	
	
	

	1.檢查         （10）
	一般設備均須經合格(LEVEL II) 之檢查員檢驗合格，或由初級(LEVEL I) 之檢查員檢查後經中級(LEVEL II) 或高級(LEVEL III)檢查員核簽過方能使用
	10
	10
	10
	10

	2.物料符合規範   (2)
	對於長途地下管所用管子，均予分別儲放，所以其物料均符合規範
	2
	2
	2
	2

	3.管線之銲接     (2)
	長途地下管線之焊口均經100%全數x光照相檢查合格，全線中途無任何法蘭或絲口之接頭
	2
	2
	2
	2

	4.回填           (2)
	回填土之前管線四週均先以細砂填滿10公分之後，再以級配料或泥土分數層回填並夯實，每層約30公分
	2
	2
	2
	2

	5.儲存搬運       (2)
	管線之搬運儲存均能以盡量減少碰撞，殘餘應力避免冷作
	2
	2
	2
	2

	6.包覆           (2)
	管線之包覆系以柏油包覆，施工人員均避免搬運儲存所引起之破壞，回填土之前均以高壓電做漏電試驗
	2
	2
	2
	2

	C.操作          （35）
	
	
	
	
	

	1.操作程序       (7)
	
	
	
	
	

	1-1.閥之維修
	閥之維修有工作指導書
	7
	7
	7
	7

	1-2.安全設施
	安全閥之維修檢查與校正有工作指導書及記錄
	
	
	
	

	1-3.管線之起、停用
	管線之啟用及停用之預備或收拾工作有工作指導書
	
	
	
	

	1-4.泵浦之操作
	泵浦之操作有工作指導書
	
	
	
	

	1-5.輸送流體之改變
	輸送產品種類改變所需配合之工作均有工作指導書加以規範
	
	
	
	

	1-6.路權之維護
	道路暢通之維持與道路狀況之應變有工作指導書
	
	
	
	

	1-7.流量計之校正
	流量計儀器之校正維修有指導書規範
	
	
	
	

	1-8.文件之管理
	工作程序或規範改變有程序書指導
	
	
	
	

	2. SCADA / 通信 監控系統           (5)
	控制室裝有計量站監視系統可監測管線的操作狀況（壓力、流量、溫度等），尚未做遙控開關閥或泵，至於產品之輸送則在送出及接收兩單位均能藉電話聯繫。等雙方均準備妥後再啟動泵浦。

在巡管中途[巡管員身上有手機，若有緊急狀況時可立即與輸油課控制室聯絡作雙方溝通採取措施。


	4
	4
	4
	4

	3.藥劑測試       (2)
	目前本廠之操作人員每年均做身體檢查之外，尚對約三分之一支員工作抽查、檢查吸毒狀況。
	2
	2
	2
	2

	4.安全計畫與理念 (2)
	本廠操作單位對員工安全操作程序與理念極為重視，每年均有安全宣導及標語、漫畫之競賽等活動。
	2
	2
	2
	2

	5.評估           (2)
	目前管線全線評估項目如下：

a. 緊密電位每 5 年評估一次。

b. 包覆情況，每當緊密電位測試有電位差太高(正)時，均會進行開挖管線以便檢查管線的包覆及管線的腐蝕情況。

c. 未以通管器(PIG)以檢查管線之管壁腐蝕減薄情況。

d. 人口密度之評估：已於89年4月送北站4”聚合級丙烯長途管線風險評估中實施。

e. 土壤覆蓋深度在設計時已明示。

f. 溫度分佈從未測試。

g. 洩露偵測只實施每天壹/兩次巡管。


	2
	2
	2
	2

	6.訓練          (10)
	對於員工所作之訓練概況如下：

a. 產品特性，員工在進廠後之訓練即予說明，操作員均已知曉

b. 對於管線材質之應力腐蝕未予訓練

c. 對於輸油操作與控制、緊急應變訓練每年有一次。其操作均依程序書進行


	8
	8
	8
	8

	7.械錯誤預防    (7)
	
	
	
	
	

	7-1.雙元儀錶設計(2)
	對於防止操作疏忽錯誤所需之設計，於計量站按裝有管線輸送高低流率、高低壓力自動警報系統。


	2
	2
	2
	2

	7-2.故障設備之管理 (2)
	對於故障的設備依SOP掛上”禁止操作”標示牌，並立即通知維修人員來修理。


	2
	2
	2
	2

	7-3.安全操作順序之管理       (1)
	操作人員之操作均按標準作業程序SOP進行


	1
	1
	1
	1

	7-4.對誤操作之電腦保護       (2)
	儲運單位因設備簡單故無必要採電腦程序自動保護


	0
	0
	0
	0

	7-5.重要儀器之標示 (1)
	儲運單位之重要儀器僅有壓力、液位、流量指示錶與傳送器等，現場未加顯目之標示


	0
	0
	0
	0

	D.維護          （15）
	
	
	
	
	

	1.文件        （2）
	設備維護與管理之文件均按ISO 之規定保存。
	2
	2
	2
	2

	2.時程        （3）
	對於每條管線每日巡管時所發現之他單位施工狀況均有記錄。每當在管線附近有他單位開挖時均順便做本公司管線包覆檢查及測厚。
	3
	3
	3
	3

	3.過程與結果  （10）
	維修之程序均依維護課：配管、土木、長途管線緊急搶修之SOP規定
	10
	10
	10
	10

	
	
	
	
	
	

	風險指標總和 (400)
	
	303.2
	306
	322
	328.5

	V, 洩漏衝擊因子
	
	
	
	
	

	A.產品危害評分  （22）
	
	
	
	
	

	1.立即性危害   （12）
	由管線風險評估手冊P.171、P.169表查得丙烯

毒性(Nh)cp=1  燃燒性(Nf)cp =4  反應性(Nr) cp =1     立即危害＝(Nh) cp +(Nf) cp +(Nr) cp = 6
	5
	5
	5
	5

	2.長久性危害   （10）
	由管線風險評估手冊P.173 Figure 7-4  查得丙烯長久性危害程度： RQ point = 2
	2
	2
	2
	2

	B.擴散因素       （6）
	
	
	
	
	

	1.溢散評分    （6）
	輸送在高壓下為液體，但當洩漏後則為氣體。所以按風險管理手冊p.224 所述之揮發流體(FLASH FLUID)之評估採三分鐘液態七分鐘氣態之蒸氣溢散點數。

1. 液態化學級丙烯洩流三分鐘之量：

   C ：flow coefficient 取 1.05           A ：4" 管截面積 0.088 ft2
   ρ：0.42 g/ml = 26.33 lb/ft3                      g ： 32.2 ft/sec

     △P：(管內壓力 20 Kg/cm2降至大氣壓力14.7 psi) = 269.3psi

   Q =  CA  √2(g)*144* ΔP /ρ     

=1.05* 0.088 √2(32.2)*144*269.3 /26.33  =28.5 lb /sec
   三分鐘洩漏量    =28.5*60*3 = 5130 lb /3min

2. 氣態化學級丙烯洩流七分鐘之量：

   Y ：Expansion factor 取 0.60          P1 = 153psi = 10.5 atm

   分子量： = 42.08 

   △P：(化學級丙烯在25℃下之蒸氣壓) = 153psi

   ρ：=P1M/RT =10.5*42.08 / 0.082*298 =18.08 g/L ＝1128 lb/ft3 

   Q = YCA  √2(g)*144* △P /ρ 
     =0.6*1.05* 0.088 √2(32.2)*144*153 /1128 =1.97 lb /sec
   七分鐘洩漏量    =1.97*60*7 = 827.4 lb /7min

3. 十分鐘洩漏量    = 5130.0 +827.4=5957.4 lb /10min

由風險管理手冊p.188查得 化學級丙烯溢散點數 =  4


	4
	4
	4
	4

	2.人口密度    （4）
	在第一段自林園廠→鳳屏路、義和路交叉路口之範圍中，人口較密集區域為大寮鄉潮寮路旁，660尺及一哩之範圍內平均住戶數＞47戶，應為三級，故評點數為 3

在第二段自鳳屏路、義和路交叉路口至中油水管路、鳳仁路交叉路口之範圍中，此段所經之區域多為小型工廠，是三段人口中最小之區域，平均住戶數＞47戶故應為三級，故評點數為 3

在第三段自中油水管路、鳳仁路交叉路口至鳳仁路、仁武鄉永宏巷交叉路口之範圍中，商店住戶較為稠密，平均住戶數＞47戶，應為三級，故評點數為 3

在第四段自鳳仁路、仁武鄉永宏巷交叉路口至中化公司大社廠之範圍中，屬工業區幾乎沒有住戶，平均住戶數＜10戶，應為一級，故評點數為 1


	3
	3
	3
	1

	3.擴散因素
	擴散因素 = 溢散評分(spill score) / 人口評分(population score)
	
	
	
	

	
	4 / 3 = 1.33
	4 / 3 = 1.33
	4 / 3 = 1.33
	4 / 1 =4
	1.33
	1.33
	1.33
	4

	4.洩漏衝擊因子
	洩漏衝擊因子 = 產品危害評分 / 擴散因素
	
	
	
	

	
	8 / 1.33 =6.02
	8 / 1.33 =6.02
	8 / 1.33 =6.02
	8 / 4 = 2
	6.02
	6.02
	6.02
	2

	
	
	
	
	
	

	相對風險評分
	管線相對風險評分 = 指標總和 / 洩漏衝擊因子
	
	
	
	

	
	303.2 /6.02 = 50.4
	306 /6.02 = 50.8
	322/ 6.02= 53.5
	328.5 /2= 164.4
	50.4
	50.8
	53.5
	164.4


流體之溢散評分(另案)：化學級丙烯 (液態)按全輸送量 32 KL/ hr 之五分之一量洩漏，計算其前十分鐘之洩漏量。

	1. 溢散評分
	液態化學級丙烯五分之一全輸送量之十分鐘洩漏量=

【（32 KL/ hr * 1000 L /KL * 1000 ml/L * 0.42 g/ml）/ 60 min/hr】* 10min * (1/1000Kg/g) * 2.2 lb/kg * (1/5) =985.6 lbs
由管線風險管理手冊 P.188查得 ：溢散評分= 5



	2. 擴散因素
	擴散因素 = 溢散評分(spill score) / 人口評分(population score)

	
	第一段
	第二段
	第三段
	第四段

	
	5 / 3 = 1.67
	5 / 3 = 1.67
	5 / 3 = 1.67 
	5 / 1 =5

	3. 洩漏衝擊因子
	洩漏衝擊因子 = 產品危害評分 / 擴散因素

	
	第一段
	第二段
	第三段
	第四段

	
	8 / 1.67 = 4.79
	8 / 1.67 = 4.79
	8 / 1.67 =  4.79
	8 / 5 = 1.6

	

	相對風險評分
	管線相對風險評分 = 指標總和 / 洩漏衝擊因子
	

	
	301.2 /4.79 =62.9 
	304 /4.79 = 63.5
	320 / 4.79= 66.8
	326.5/ 1.6= 204.1


附件二

1.RSPA Actions Taken in Response to the Olympic Pipeline Accident in Bellingham, Washington (August 7, 2001): 

In the wake of the Bellingham, Washington accident on June 10, 1999, RSPA has taken the following actions: 
June 11, 1999, initial response by RSPA Office of Pipeline Safety (OPS) personnel. Subsequently dispatched four investigators to the site to assist in the incident response and accident investigation. RSPA investigators are closely collaborating with the NTSB to determine the cause of the accident, and identify any pipeline safety violations. 
June 18, 1999, RSPA issued a corrective action order (CAO) to Olympic. The order requires Olympic to conduct tests and evaluations, as well as make hardware improvements, e.g. valves, SCADA, before the pipeline can be put back into service. RSPA will not allow the pipeline to return to service until all safety issues are adequately addressed.
July 7, 1999, RSPA issued an alert notice to the pipeline industry regarding potential SCADA problems that may affect their pipeline system. The alert notice was based on early accident findings which identified improper SCADA performance as a major contributor to the Bellingham accident. Similar SCADA-related occurrences on other pipeline facilities were subsequently identified, thereby resulting in our industry wide advisory.
July 23, 1999, RSPA retained a third party, nationally recognized analyst to review the internal inspection logs to independently assess anomalies identified on the Olympic pipeline system.
August 10, 1999, RSPA issued an amended corrective action order. The amendment requires Olympic to report all anomalies with their SCADA system for a period of one (1) year; within 3 months, develop and implement a training program for controllers specific to the SCADA system in use and review the qualifications of each controller to perform his/her job; perform a design review of then Ferndale to Allen segment to insure that station safety devises will shut down the segment within applicable parameters including performing a worst case surge analysis, testing all relief valves for reliable operation, and performing a design review of the Bayview Products Terminal; after running any internal inspection devices, excavate and examine any anomaly identified in the top half of the pipe and take remedial action with respect to each; consider the possibility of internal corrosion in reviewing results of internal inspection device surveys; review existing procedures for normal, abnormal, and emergency operations of the Ferndale to Allen segment and make any necessary changes to ensure that they address operations at the Bayview Products Terminal. 
August 15, 1999, RSPA stationed permanent pipeline inspector in Olympia, Washington.
September 19 - 25, 1999, Olympic hydrostatically tested the 16-inch pipeline through the City of Bellingham. One failure occurred on pre-1970 ERW pipe manufactured by Lone Star.
September 24, 1999, RSPA issued a second amended corrective action order. Required Olympic to drop operating pressures in entire system to 80% MOP, conduct hydrotest of Ferndale to Allen & all pre-1970 low frequency ERW pipe, conduct internal inspections, and report findings of management audit within 6 months of completion.
October 8 - 29, 1999, Olympic hydrostatically tested the 16-inch Ferndale to Allen pipeline segment from Milepost 0 - 12 and Milepost 22 - 40.
January 14, 2000, Olympic requests permission to re-start the 16-inch Ferndale to Allen pipeline segment.
January 26, 2000, RSPA correspondence to Olympic requesting implementation plans for Valve Study and In-line Inspection Surveys.
March 9, 2000, RSPA correspondence concerning inadequacies and omissions in Olympic implementation plans & procedures for re-start of the 16-inch Ferndale to Allen pipeline segment. 
Spring of 2000, Olympic completed the mandated corrective actions for enhanced valve placement, SCADA enhancements, controller training, and overpressure protection.
June 2, 2000, RSPA proposed a $3.05 million civil penalty against Olympic Pipeline, for safety violations related to the June 10, 1999 pipeline failure. Each of the penalties proposed carries the maximum fine allowed under current pipeline safety law.
June 8, 2000, RSPA announced a partnership between the State of Washington and the Office of Pipeline Safety that will allow Washington State pipeline safety inspectors to participate in inspections of interstate pipeline facilities. 
July 1, 2000, the operation of the Olympic Pipeline was transferred from Equilon to British Petroleum (BP).
August 3, 2000, Olympic completed the Geometry and High Resolution Magnetic Flux Leakage surveys for the entire pipeline system.
August 4, 2000, RSPA tentatively accepted proposed integrity management actions by BP Amoco, owner of Olympic Pipe Line, to further ensure the safety of their pipeline system in the State of Washington. In addition to conducting hydrostatic testing of the 16-inch pipeline from Allen to Renton, Washington, the company plans to use the state-of-the-art transverse field inspection tool to identify seam-weld and other potential longitudinal defects on their entire 400-mile pipeline system.
August 8, 2000, RSPA held a public meeting in Bellingham. The meeting gave the public an opportunity to learn more about the results of the internal inspection tests taking place on the 16-inch pipeline from Ferndale to Allen and other completed mandated safety improvements.
August 18, 2000, Olympic completed replacement of the portion of the pipeline adjacent to the Kulsham Middle School in the City of Bellingham, Washington.
August 25, 2000, RSPA correspondence to Olympic, stating prior to allowing resumed operation at reduced pressure of the shutdown 16-inch pipeline segment, OPS needs added assurance the management, procedural, and organizational issues playing a role in the accident have been adequately resolved. The company was provided with a list of key issues to be reviewed by OPS as part of the management audit.
October 31, 2000, RSPA correspondence approving the final excavation list, evaluation and repair criteria for the Olympic 16-inch Pipeline.
November 9, 2000, OPS conducted a review of management, procedural, and organizational issues playing a role in the accident. The review provided OPS with additional assurances necessary regarding BP operation of the Olympic Pipe Line System.
November 28, 2000, Repairs complete for the Cherry Point to Allen segment of 16-inch pipeline. OPS and WUTC personnel continuously monitored evaluation and repair activities for this pipeline segment from May through November of 2000. 
December 5, 2000, Repairs complete for the Anacortes to Allen segment of 16-inch pipeline.
December 7, 2000, RSPA correspondence granting Olympic permission to purge the 16-inch Cherry Point to Allen pipeline segment with nitrogen. The nitrogen purge removed residual diesel from ILI activities and oxygen from repair activities eliminating the possibility of a combustible atmosphere forming within the pipeline. The nitrogen purge also provided for a low pressure leak test of the pipeline integrity.
January 25, 2001, RSPA correspondence to Olympic allowing introduction of product into the Cherry Point to Ferndale and Ferndale to Allen pipeline segments.
February 7, 2001, RSPA correspondence to Olympic allowing limited operation of the Cherry Point to Ferndale and Ferndale to Allen pipeline segments.
February 8, 2001, Olympic resumed limited operation of the Cherry Point to Allen segment of pipeline. This segment had not been operated, except for ILI surveys, since the June 10, 1999, incident in Bellingham, Washington. Prior to and during the restart of the pipeline segment OPS and WUTC personnel reviewed procedures and observed pipeline operations assuring the operating integrity of the pipeline system.
May 16, 2001, Olympic successfully completed the voluntary hydrostatic testing of the 16-inch Allen to Renton pipeline segment. The OPS and WUTC personnel observed the pressure testing of the pipeline segment and reviewed test documentation.
June 3, 2001, Olympic resumed limited operation of the 16-inch Allen to Renton pipeline segment. This segment had not been operated, except for ILI surveys, since the June 10, 1999, incident in Bellingham, Washington. Prior to and during the restart of the pipeline segment OPS and WUTC personnel reviewed procedures and observed pipeline operations assuring the operating integrity of the pipeline system.
June 2001 to Present, OPS and WUTC continue observing the evaluation and repairs of the Allen to Renton 16-inch pipeline segment. Two sites, due to permitting constraints, remain to be evaluated on the 16-inch pipeline segment. The two sites have been successfully pressure tested and the pipeline operating pressure remains restricted. OPS and WUTC continue to monitor evaluation and repair activities associated with the other pipeline segments voluntarily surveyed by BP. 

2. Olympic Status Report
Information as of 08/06/01 4:30 PM MDT

Summary
The information presented below describes the Olympic Pipe Line Company's (Olympic) In-Line Inspection (ILI) program and the Federal Office of Pipeline Safety's oversight of the implementation of the ILI program. The ILI of the entire Olympic Pipeline System is complete and the evaluation and repair of sites identified by the ILI surveys are underway. The operating pressure of the pipeline system is restricted to 80 percent of the maximum operating pressure providing an additional margin of safety during the ILI program activities. The Federal Office of Pipe Line Safety and the State of Washington's Pipeline Safety Staff continue to monitor the activities associated with the evaluation and repair of the pipeline system. 

In-line Inspection of Olympic Pipe Line Company
Oversight -
The Department of Transportation's Office of Pipeline Safety is responsible for the safety of the nations interstate hazardous liquid and natural gas pipelines. The Federal Office of Pipeline Safety is monitoring the Olympic ILI Survey activities to assure compliance with the Office of Pipeline Safety's Corrective Action Order and pipeline safety requirements. Additionally, the Federal Office of Pipeline Safety is providing to State and Local Officials expertise and information regarding ILI Surveys and pipeline operations within their communities. 

The Order -
On June 18, 1999, the Federal Office of Pipeline Safety issued Olympic Pipe Line Company (Olympic) a Corrective Action Order (Order) addressing safety concerns resulting from the tragic June 10, 1999, incident in Bellingham, Washington. The Order required Olympic to develop a plan to address factors of the June 10, 1999, incident. The plan, required by the Order, specifically required the use of ILI tools for assessing the integrity of the Olympic Pipeline system. This action does not preclude the Federal Office of Pipeline Safety from requiring hydrostatic testing of the pipeline. The Order restricts the operating pressure of the pipeline system to 80 percent of the maximum operating pressure providing for an additional margin of safety during the surveys, evaluations, and repair activities.

The Tools -
A Geometry ILI tool and a High Resolution Magnetic Flux Leakage (MFL) ILI tool were utilized for the Olympic ILI Surveys. An Ultrasonic ILI tool was also utilized in the Ferndale to Allen segment of the 16-inch pipeline. Additionally, a Transverse Field MFL ILI tool survey will be conducted as a condition for returning the pipeline to full service. These ILI tools are of the best available technology for identifying features located in the immediate area of the June 10, 1999, incident. The ILI tools travel through the pipeline in diesel fuel at 3.5 to 5.0 miles per hour. 

Geometry ILI Tool - The Geometry ILI Tool is used in the pipeline industry for identifying changes in the roundness of a pipeline such as caused by dents and other external force damage. Also referred to as a Deformation Tool. 

High Resolution MFL Tool - The High Resolution Magnetic Flux Leakage (MFL) ILI Tool is used in the pipeline industry for identifying potential pipe manufacturing defects, metal loss caused by external forces, and internal and external pipeline corrosion.

Transverse Field MFL Tool - A MFL ILI Tool with the magnets oriented 90 degrees from a conventional MFL Tool. This tool is used for identifying hook cracks, seam weld corrosion, and long narrow longitudinal defects.

Ultrasound Tool - An in-line tool utilizing ultrasound technology to identify general corrosion, pitting, laminations, and hydrogen induced cracking. 

Cleaning Tool - An in-line tool utilized for cleaning the internal surface of the pipeline.

Dummy Tool - A tool without an instrumentation package which is transported through the pipeline for assuring passage of the instrumented tools such as Geometry or MFL. 

The Evaluation -
After completion of the ILI Surveys the data was evaluated identifying areas possibly critical to the integrity of the pipeline. Correlation of the survey data was conducted at the completion of both the surveys assuring integration of all available data. ILI Survey results were evaluated by Federal Office of Pipeline Safety Engineers and the Federal Office of Pipeline Safety Expert ILI Consultant, Washington State Pipeline Safety Engineers, Olympic Engineers, Olympic's Expert ILI Consultant, and the Company supplying the ILI Tool. The results of these evaluations dictated remedial actions assuring pipeline integrity.

The Results -
The 16-inch pipeline system encompasses the Cherry Point to Ferndale, Ferndale to Allen, Allen to Renton, and the Anacortes to Allen pipeline segments. The review and evaluation of the ILI Surveys for the 16-inch pipeline system resulted in approximately 120 sites being identified for excavation and further evaluation as to the necessity of repair. The excavation and evaluation of these sites are complete with the exception of two sites in the Ferndale to Allen segment. These sites were included in the hydrostatic testing of the pipeline segment and will be excavated when permitting authorities have given their approval. Engineers from the Federal Office of Pipeline Safety and the State Utilities and Transportation Commission observed the abovementioned evaluations resulting in pipe replacement or repairs to approximately 87 of the identified sites.

ILI Activities -
May 16-17, 2000: 
The Federal Office of Pipeline Safety Engineers observed Olympic preparations for conducting the 16-inch Ferndale to Allen In-line Inspection (ILI) surveys.
- Filling the pipeline with diesel fuel
- Cleaning Tools insertion and retrieval 
- Dummy Tool insertion and retrieval
The Cleaning and Dummy tools were reported to be in good condition indicating the ILI Tools should not experience difficulty during the surveys. 
The Federal Office of Pipeline Safety is monitoring pipeline pressures and flow rates from the Olympic Renton Control Center assuring the operation of the pipeline within the approved ILI survey parameters.
As a safety precaution during the filling, cleaning, and dummy tool operations Olympic is patrolling the pipeline by helicopter. 
Olympic personnel are stationed at mainline valves along the pipeline. Spill response materials and equipment are distributed along the pipeline right-of-way assuring immediate and effective response to any possible release of product from the pipeline. 
Emergency response personnel along the pipeline were alerted of the ILI survey activities. 
May 18, 2000:
The Federal Office of Pipeline Safety Engineers observed construction activities allowing the ILI surveys for the Ferndale to Allen 16-inch pipeline segment to be conducted without re-inserting the ILI Tools at the Bayview Terminal. This action results in Bayview being by-passed (disconnected) from the 16-inch mainline. 
The Federal Office of Pipeline Safety Expert ILI Consultant and Engineers briefed city officials from Redmond, Renton, and Bellevue regarding the Olympic ILI Surveys. 
The Federal Office of Pipeline Safety will continue to brief city and State officials along the pipeline regarding the ILI surveys and any necessary remedial actions as a result of the surveys. 
May 19, 2000:
The Federal Office of Pipeline Safety Engineers and ILI Consultant met with City Officials from Bellevue, Redmond, and Renton. The City Officials were given a briefing regarding ILI Tools and typical ILI operations.
The Federal Office of Pipeline Safety Engineers observed the ILI survey of the 12-inch Renton to Seattle pipeline. 
- A Dummy Tool was inserted into the pipeline at Renton at approximately 1:00 PM PDT and exited the pipeline in good condition at the Seattle delivery point at approximately 3:00 PM PDT.
- A Geometry (Deformation) ILI Tool was inserted into the pipeline at Renton at approximately 4:00 PM PDT and exited the pipeline in good condition at the Seattle delivery point at approximately 7:00 PM PDT. 
- Operating pressures and flow rates were within parameters specified for the ILI Surveys. 
- The ILI Tool was operating properly when it exited the pipeline.
- Data generated by the ILI Tool is continuous along the pipeline without gaps or skips in the data.
- The quality of data received from the ILI Tool was good. 
- The preliminary field data is currently being reviewed for this ILI survey. 
- The preliminary review of field data is projected to be completed within approximately ten days after completion of the Geometry and MFL ILI surveys. 
May 20, 2000:
The Federal Office of Pipeline Safety Engineers observed the ILI survey of the 16-inch Ferndale to Allen pipeline segment. 
- A Geometry (Deformation) ILI Tool was then inserted into the pipeline at Ferndale at approximately 10:15 AM PDT and exited the pipeline in good condition at the Allen Pump Station at approximately 10:47 PM PDT. 
- Operating pressures and flow rates were within parameters specified for the ILI Surveys. 
- The ILI Tool was operating properly when it exited the pipeline.
- Data generated by the ILI Tool is continuous along the pipeline without gaps or skips in the data.
- The quality of data received from the ILI Tool was good. 
- The preliminary field data is currently being reviewed for this ILI survey. 
- The preliminary review of field data is projected to by completed within approximately ten days after completion of the Geometry and MFL ILI surveys.
May 21, 2000:
The Federal Office of Pipeline Safety Engineers and Expert ILI Consultant continue the review of the Geometry ILI Tool preliminary field data.
May 22, 2000:
The Federal Office of Pipeline Safety Engineers and Expert ILI Consultant continue the review of the Geometry ILI Tool preliminary field data.
The Federal Office of Pipeline Safety Engineers observed the ILI survey of the 16-inch Allen to Renton pipeline segment.
- Geometry Tool was launch from Allen Pump Station at approximately 9:55 AM PDT.
- OPS is monitoring operating pressures and flow rates from the Renton Control Center.
May 23, 2000:
The Federal Office of Pipeline Safety Engineers and Consultant continue to observed the ILI survey of the 16-inch Allen to Renton pipeline segment. 
- The Geometry Tool arrived at Renton Pump Station at approximately 5:08 AM PDT.
- The Geometry Tool was removed from the pipeline at approximately 6:09 AM PDT and was reported to be in good condition.
- The data recorder was functioning properly when removed from the Geometry Tool.
- The data is complete without skips or gaps and is of good quality.
May 24, 2000:
The Federal Office of Pipeline Safety Engineers observed the ILI survey of the 12-inch Renton to Sea-Tac pipeline segment.
- The Geometry Tool was launched from Renton Pump Station at approximately 12:41 PM PDT.
- The Geometry Tool was removed from the pipeline at Sea-Tac at approximately 1:55 PM PDT and was reported to be in good condition.
- The data recorder was functioning properly when removed from the Geometry Tool.
May 25, 2000:
For the 12-inch Renton to Sea-Tac pipeline segment it is reported that the data is complete without skips or gaps and is of good quality.
May 26, 2000:
The Federal Office of Pipeline Safety Engineers observed the ILI survey of the 16-inch Ferndale to Allen pipeline segment.
- The MFL Tool was launched from Ferndale Pump Station at approximately 9:40 PM PDT.
May 27, 2000:
Continuation of the ILI survey of the 16-inch Ferndale to Allen pipeline segment.
- The MFL Tool arrived at the Allen Station at approximately 8:39 AM PDT. The tool was in good condition.
- The data recorder was functioning properly when removed from the MFL Tool.
- The data is reported to be complete without skips or gaps and is of good quality.
May 28, 2000:
The Federal Office of Pipeline Safety Engineers observed the ILI survey of the 16-inch Allen to Renton pipeline segment.
- The MFL Tool was launched from Allen Pump Station at approximately 2:20 PM PDT.
May 29, 2000:
Continuation of the ILI survey of the 16-inch Allen to Renton pipeline segment.
- The MFL Tool arrived at the Renton Station at approximately 10:59 AM PDT. The tool was in good condition.
- The data recorder was functioning properly when removed from the MFL Tool.
- The data is reported to be complete without skips or gaps and is of good quality.
May 31, 2000:
The Federal Office of Pipeline Safety Engineers observed the ILI survey of the 16-inch Anacortes to Allen pipeline segment.
- The Dummy Tool was launched from Anacortes Station at approximately 4:45 PM PDT.
- The Dummy Tool arrived and was removed from the pipeline at the Allen Station at 6:23 PM PDT and was reported to be in good condition.
- The MFL Tool was launched at approximately 10:45 PM PDT from Anacortes Station.
June 1, 2000:
Continuation of the ILI survey of the 16-inch Anacortes to Allen pipeline segment.
- The MFL Tool arrived at the Allen Station at approximately 00:55 AM PDT. The tool was in good condition.
- The data recorder was functioning properly when removed from the MFL Tool.
- The data is complete without skips or gaps and is of good quality.
Federal OPS and State Commission Engineers are observing calibration excavation site North of Mount Vernon (MP 27). Area will be sand blasted tomorrow and measurements taken of the pipe damage.
The Federal OPS ILI Consultant continues to the review of the ILI Tool preliminary field data of the Ferndale to Allen pipeline segment. 
June 2, 2000:
The Federal Office of Pipeline Safety Engineers observed the ILI survey of the 16-inch Cherry Point to Ferndale pipeline segment.
- The MFL Tool was launched at approximately 1:07 PM PDT from Cherry Point Station.
- The MFL Tool arrived at the Ferndale Station at approximately 2:23 PM PDT. The tool was in good condition.
- The data recorder was functioning properly when removed from the MFL Tool.
- The data is complete without skips or gaps and is of good quality.
June 4, 2000:
The Federal OPS ILI Consultant and Engineers continue to the review of the ILI Tool preliminary field data of the Ferndale to Allen pipeline segment. 
June 5, 2000:
The Federal Office of Pipeline Safety Engineers observed the ILI survey of the 16-inch Anacortes to Allen pipeline segment.
- The Geometry Tool was launched at approximately 8:55 AM PDT from Anacortes Station.
- The Geometry Tool arrived at the Allen Station at approximately 11:05 AM PDT. The tool was in good condition.
- The data recorder was functioning properly when removed from the Geometry Tool.
- The data is complete without skips or gaps and is of good quality.
The Federal OPS ILI Consultant continues to the review of the ILI Tool preliminary field data of the Ferndale to Allen pipeline segment. 
June 7, 2000:
The Federal Office of Pipeline Safety Engineers observed the ILI survey of the 16-inch Cherry Point to Ferndale pipeline segment.
- The Geometry Tool was launched at approximately 1:50 PM PDT from Cherry Point Station.
- The Geometry Tool arrived at the Ferndale Station at approximately 3:05 PM PDT. The tool was in good condition.
- The data recorder was functioning properly when removed from the Geometry Tool.
- The data is complete without skips or gaps and is of good quality.
June 15, 2000:
The Geometry Tool was launched from the 12-inch Vancouver Junction facility at approximately 11:18 AM PDT and arrived at the Vancouver delivery facility at 12:32 PM PDT. The tool was reported to be in good condition when it was removed from the pipeline. Data is of good quality and complete for the entire segment of pipeline.
June 19, 2000: 
The Federal Office of Pipeline Safety and WUTC Engineers monitored excavations in the Ferndale to Allen segment of pipeline.
An Enduro Geometry Tool survey was conducted for the 6-inch Olympia Lateral. The Geometry Tool was launched at approximately 8:25 AM PDT and was received at approximately 1:30 PM PDT. The tool was reported to be in good condition and the data of good quality. 
An MFL Tool survey was conducted for the 12-inch Renton to Seattle Lateral. The MFL Tool was launched from Renton at approximately 6:44 PM PDT and was received at the Seattle Delivery at approximately 9:34 PM PDT. The MFL tool was reported to be in good condition when it was removed from the pipeline. The MFL Tool data was not of good quality. This segment of line will be surveyed again with the MFL tool. 
June 22, 2000:
The MFL Tool was launched from the 12-inch Vancouver Junction facility at approximately 12:15 AM PDT and arrived at the Vancouver delivery facility at 1:23 AM PDT. The tool was reported to be in good condition when it was removed from the pipeline. Data is of good quality and complete for the entire segment of pipeline.
June 24, 2000:
The 12-inch Renton to Sea-Tac line was surveyed with the MFL Tool. The MFL Tool was launched from the Renton Pump Station at approximately 11:19 AM PDT and arrived at the SeaTac delivery facility at 12:33 PM PDT. The tool was reported to be in good condition when it was removed from the pipeline. Data is of good quality and complete for the entire segment of pipeline.
June 25, 2000:
The re-survey for the MFL Tool was conducted for the 12-inch Renton to Seattle Lateral. The MFL Tool was launched from Renton at approximately 7:24 PM PDT and was received at the Seattle Delivery at approximately 10:08 PM PDT. The MFL tool was reported to be in good condition when it was removed from the pipeline. Data is of good quality and complete for the entire segment of pipeline.
June 28, 2000:
The 8-inch Tacoma Jct. to Tacoma Delivery Facility was surveyed with the MFL Tool. The MFL Tool was launched from the Tacoma Jct. Facility at approximately 10:15 AM PDT and arrived at the Tacoma Delivery Facility at 11:42 AM PDT. The tool was reported to be in good condition when it was removed from the pipeline. Data is of good quality and complete for the entire segment of pipeline.
June 29, 2000:
The 8-inch Tacoma Jct. to Tacoma Delivery Facility was surveyed with the Geometry Tool. The Geometry Tool was launched from the Tacoma Jct. Facility at approximately 11:06 AM PDT and arrived at the Tacoma Delivery Facility at 12:05 PM PDT. The tool was reported to be in good condition when it was removed from the pipeline. Data is of good quality and complete for the entire segment of pipeline.
The Ultrasound In-Line Inspection Tool was launched from the Ferndale Pump Station at approximately 3:57 PM PDT.
June 30, 2000:
The Ultrasound In-Line Inspection Tool arrived at the Allen Pump Station at approximately 12:49 PM PDT. The tool was reported to be in good condition when it was removed from the pipeline.
July 1-8, 2000:
Excavation sites from ILI tool evaluations were filled in as a safety precaution during the transition from Equilon to BP Amoco for the management and operation for the Olympic Pipe Line System. On July 5th it was reported the Ultrasonic In-line Inspection Tool data was of good quality and complete for the entire segment of pipeline.
July 9, 2000:
The 14-inch Renton to Portland pipeline was surveyed with the Geometry Tool. The Geometry Tool was launched from the Renton Pipeline Facility at approximately 3:26 PM PDT.
July 10, 2000:
The 14-inch Renton to Portland pipeline survey continued with the Geometry ILI Tool. The Geometry ILI Tool arrived at the Portland facility at 10:08 PM PDT. The tool was reported to be in good condition when it was removed from the pipeline. 
July 11, 2000:
Evaluation of the data from the 14-inch Renton to Portland pipeline Geometry Tool survey revealed the data was of good quality but not continuous for the entire pipeline segment. The 14-inch Renton to Portland pipeline segment will be re-surveyed with the Geometry Tool.
July 15, 2000:
The 14-inch Renton to Portland pipeline was re-surveyed with the Geometry Tool. The Geometry Tool was launched from the Renton Pipeline Facility at approximately 4:58 PM PDT.
July 16, 2000:
The re-survey of the 14-inch Renton to Portland pipeline with the Geometry Tool continued.
July 17, 2000:
The 14-inch Renton to Portland pipeline survey continued with the Geometry ILI Tool. The Geometry ILI Tool arrived at the Portland facility at 00:45 AM PDT. The tool was reported to be in good condition when it was removed from the pipeline. The data is being evaluated.
July 23, 2000:
The 20-inch Allen to Renton pipeline was surveyed with the Geometry Tool. The Geometry Tool was launched from the Allen Pipeline Facility at approximately 4:10 PM PDT.
July 24, 2000:
The 20-inch Allen to Renton pipeline survey continued with the Geometry Tool. The Geometry Tool was received at the Renton Pipeline Facility at approximately 12:21 PM PDT and was reported to be in good condition. 
July 25, 2000:
The MFL Tool survey was conducted for the 6-inch Olympia Lateral. The MFL Tool was launched at approximately 11:32 AM PDT and was received at approximately 3:16 PM PDT. The tool was reported to be in good condition.
The data for the 20-inch Allen to Renton Geometry Tool survey was reported to be of good quality and continuous for the pipeline segment. 
July 29, 2000:
The 20-inch Allen to Renton pipeline was survey with the MFL Tool. The MFL Tool was launched from the Allen Pipeline Facility at approximately 1:14 PM PDT. 
July 30, 2000:
The 20-inch Allen to Renton pipeline survey continued with the MFL Tool. The MFL Tool was received at the Renton pipeline facility at approximately 8:48 AM PDT. The tool was reported to be in good condition.
August 2, 2000:
The 14-inch Renton to Portland pipeline was survey with the MFL Tool. The MFL Tool was launched from the Renton Pipeline Facility at approximately 1:14 PM PDT. 
August 3, 2000:
The 14-inch Renton to Portland pipeline survey continued with the MFL Tool. The MFL Tool was received at the Portland pipeline facility at approximately 7:52 PM PDT. The data from the run is continuous and of good quality. This completes the in-line inspection surveys.
August 8, 2000:
The OPS Staff and Consultants attended a Public Forum for the City of Bellingham, Washington, regarding the status of the OPS Corrective Action Orders and results of the in-line inspection tool surveys.
September 25, 2000:
OPS engineer attended the City/County Consortium meeting in Redmond, Washington, providing a briefing regarding the in-line inspection tool surveys and resulting activities.
January 16, 2001:
OPS engineer attended the City/County Consortium meeting in Renton, Washington, providing a briefing regarding the in-line inspection tool surveys and resulting activities.
February 13, 2001:
OPS engineer attended the City/County Consortium meeting in Redmond, Washington, providing a briefing regarding the in-line inspection tool surveys and resulting activities.
March 12, 2001:
OPS engineer attended the City/County Consortium meeting in Redmond, Washington, providing a briefing regarding the in-line inspection tool surveys and resulting activities.
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