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摘要：

本次出國參訪洽公首先至對空氣污染管制方面最嚴苛的美國加州地區，進行一系列參訪行程，包括拜訪加州地區環保主管機關美國南加州空氣品質管理局SCAQMD（South Coast Air Quality Management District）與北加州灣區空氣品質管理局BAAQMD（Bay Area Air Quality Management District），與其討論有關其對煉油石化廠在揮發性有機污染物VOCs（Volatile Organic Compounds）方面之逸散管制規定及廢氣燃燒塔FLARE排放監測與回收管制規定。
同時也向美國南/北加州空氣品質管理局SCAQMD & BAAQMD簡報說明台灣在揮發性有機污染物VOCs方面之逸散管制規定及廢氣燃燒塔排放監測管制規定，並簡報說明台灣中油公司林園石化廠在此方面的作法，進行討論交流比較。

其次參訪南加州ExxonMobil公司Torrance煉油廠在有關設備元件閥類使用Chesterton材質防止VOCs逸散洩漏的作法與執行情形。並參訪南加州BP公司Carson煉油廠在有關廢氣燃燒塔FLARE排放監測管控及VOCs設備元件逸散防制情形。至矽谷聖荷西參訪RAE Systems公司，參訪討論有關VOCs檢測技術及相關簡易型手提式VOCs檢測儀器。
最後至德州休士頓參訪ExxonMobil公司德州Beaumont PX MAX芳香烴廠製程技術及污染防制交流，至德州休士頓拜訪GTC公司討論三輕更新計畫有關第七芳香烴萃取製程技術。
此次參訪美國環保主管機關與煉油廠後，了解到美國加州對煉油石化廠空污尤其是VOCs各項逸散管制規定及煉油石化廠在VOCs各項逸散防制措施，整理心得與建議，提供未來提升製程技術能力及VOCs各項逸散污染防制改善參考，以降低VOC逸散排放。
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第一章 目的 
本次出國參訪洽公主要目的 :
1.拜訪美國南加州空品局SCAQMD與北加州灣區空品局BAAQMD，討論有關其對煉油石化廠揮發性有機污染物VOCs逸散排放管制規定及廢氣燃燒塔排放管制規定。
2.參訪南加州ExxonMobil煉油廠有關設備元件閥類防止VOCs逸散洩漏執行情形。
3.參訪加州BP Carson煉油廠有關廢氣燃燒塔FLARE排放管控及VOCs逸散防制情形。
4.拜訪RAE Systems公司討論有關VOCs檢測技術及相關簡易型手提式VOCs檢測儀器。
5.參訪德州ExxonMobil PX MAX芳香烴廠製程技術及污染防制交流。
6.拜訪德州GTC公司討論六輕計畫第七芳香烴萃取製程技術。
第二章  參訪過程及內容
2.1 參訪南加州ExxonMobil煉油廠 
參訪南加州ExxonMobil Torrance煉油廠，主要是了解該煉油廠有關設備元件閥類方面，防止VOCs逸散洩漏的作法與實際執行情形。
參訪ExxonMobil Torrance煉油廠是由ExxonMobil Torrance煉油廠安全與環保部門負責環保空氣業務人員及A.W.Chesterton公司負責LA地區技術主管Mr. John Tomljenovic陪同簡報及解說。
ExxonMobil Torrance煉油廠環保業務人員說明因近10多年來美國環保主管機關對VOCs之管制與要求非常嚴格，尤其南加州空品局SCAQMD對VOCs之管制更嚴苛，尤其2002年又再修訂加嚴VOCs Rule 1173法規，ExxonMobil Torrance煉油廠考量VOCs逸散洩漏主要來源為設備元件，許多閥類若不選用較佳材質與品質之glandpacking軸莖迫緊已難達到管制標準，因此該廠於2000年起即陸續進行一系列防止各項閥類逸散洩漏的措施。  

ExxonMobil Torrance煉油廠環保空氣業務人員說明，該廠於2000年即先對工場8個熱油控制閥改試用Chesterton公司之 control valve sealing system 5800E Glandpacking，因試用效果滿意。2004年利用工場大修時再將所有關斷閥Block valve更新其Glandpacking，並規範要求所有新買的Block valve其Glandpacking為Chesterton style 1600 。 
另外在控制閥Glandpacking更換方面--- 採用Chesterton style 5800 E材質，於2004年更換160個，2010年再更換150個。 
在關斷閥Glandpacking更換方面--- 採用Chesterton style 1600材質，於2004年更換200個，2010年再更換100個。 
A.W.Chesterton公司負責LA地區技術主管Mr. John Tomljenovic說明控制閥係所有閥類作動軸莖最難密封，因為除了要防止洩漏外，在作動時，閥桿與迫緊間產生之磨擦力要越低越好，如此才能達到精密之控制與平順之操作。Mr. John Tomljenovic說明在煉油石化廠有關閥類如何降低VOCs逸散方面，Glandpacking材質選用及施工品質應是主要關鍵。因此美國A.W. Chesterton公司針對氣動控制閥(AOV)、電動控制閥(MOV)等提供符合USEPA Method 21 規定VOCs 保證500ppm以下，且已通過API 589、API 607防火測試及提供5年(含Live Loading預力盤型彈簧)不洩漏保固保證，工場無須常人工調整或熱鎖鎖漏，省去工場不定時維護成本與克漏處理成本，並已在全世界各大煉油廠石化廠均有良好之成功實蹟。關斷閥(Block Valve)方面若使用其New 1622 Low Emissions Valve Packing 材質，其Valve Packing Emissions Warranty 5年，洩漏不超過100ppm。Mr. John Tomljenovic亦說明目前南加州7座煉油廠中，有5座使用Chesterton valve sealing system 。
ExxonMobil Torrance煉油廠在儲槽VOCs逸散防制方面，該廠環保人員說明於2008年起針對全部浮頂槽(Floating Roof Tanks)加裝網殼圓球狀頂蓋(geodesic domes) ，稱安裝後已可降低浮頂槽約80% VOCs逸散洩漏之成效。
In compliance with South Coast AQMD Rule1178, the refinery completed the process of covering all floating roof tanks with geodesic domes to reduce volatile organic compounds(VOCs) emissions from facility storage tanks in 2008. By installing domes on our storage tanks, we’ve reduced our VOCs emissions from these tanks by 80 percent. 
These domes, installed on tanks that are used to store gasoline and other similar petroleumderived materials, help reduce VOC emissions by blocking much of the wind that constantly flows across the tank roofs, thus decreasing evaporation from these tanks. 
2.2 參訪美國南加州空品局SCAQMD 
參訪美國南加州空品局SCAQMD（South Coast Air Quality Management District）是由其負責主管石化煉製與廢棄物業務之資深經理Mr.Jay Chen接待安排參訪行程，先參觀SCAQMD辦公大樓介紹其公聽會會場及公聽會程序、訴願委員會議場及組織與訴願程序等，然後進行簡報有關SCAQMD及VOCs相關法規等交流討論。
美國南加州空氣品質管理局SCAQMD於1946年成立，管制區域含蓋四個縣，包括橘郡(Orange County)、洛杉磯郡(Los Angeles)、聖波納蒂諾郡(San Bernardino County)、河邊郡(Riverside County)等四個行政區，涵蓋面積共計27,824平方公里，約2/3台灣面積大，人口約有1,650萬人(約占加州人口的一半，為美國排行第二之人口密集都市)。
南加州空氣品質管理局SCAQMD是加州最早成立環保空氣品質管理機構，也是全世界最早成立環保空氣品質管理機構。加州約有一半工商業在南加州地區，SCAQMD負責有關該地區污染源管制工作，其主要固定污染源包括大型電廠、煉油廠、礦場及加油站等，加州地區煉油石化工業主要集中於上游煉油業，目前南加州共有7座煉油廠: BP Carson、Chevron Texaco、ConocoPhillips Carson、ExxonMobil Torrance、Paramount Petroleum、Tesoro Wilmington Valero/Ultramar Wilmington等，但並沒有如台灣石化業之輕油裂解或烯烴等大型石化廠。
南加州空氣品質管理局SCAQMD總共約有100個工程師辦理許可業務，稽查人員約有100人，管理655~700個大型污染源，約有8萬張許可證，約有1200萬輛汽車，有二個港口(Los Angeles、Long Beach)美國約40%貨櫃由此進出，地形類似台灣高屏地區，雖經多年改善但至今PM2.5、 O3仍是美國嚴重污染地區。
加州南海岸地區內設有30個空氣品質連續監測站，民眾可依據監測數據瞭解當地空氣品質狀況。由於此空品區內為人口密度高之都會區(洛杉磯市區)，工商業十分發達，各類空氣污染源密集度高，且此區域為盆地地形，再加上氣候風向因素，造成本區域之空氣污染物不易擴散，種種因素使得本區域成為全美空氣品質最差的地區，雖經歷年來努力管制與改善仍然是全美空氣品質最差的地區，造成環保主管部門與工業界備受壓力，實在是與台灣高屏地區努力改善過程與目前結果十分類似。
南加州空氣品質管理局SCAQMD對於煉油廠之主要管理工作有製程許可證稽查管理，
區域清空誘因市場計畫RECLAIM (REgional CLean Air Incent ives Market)，排放量之審核及
稽查，民眾陳情案件公害案件調查案件，執行Blue Sky計畫而加強之稽查工作，強化Rule463、
Rule1173、Rule1176 法規之稽查等等工作業務。
南加州空氣品質管理局SCAQMD對於煉油業管理，將硫氧化物SOx視為指標性污染物，相關管制作為應有效降低SOx排放量，預計由2006 年之1.5 Ton/Mi l l ion Bar rels of Crude 降為2012 年之0.5 Ton/Million Barrels of Crude。
加州地區臭氧O3污染情形很嚴重，為降低VOCs之排放量，增加固定污染源管制對象，南加州將氫氣工廠及石油焦製造程序（Coker）等可能排放VOCs 之污染源，一併納入管制。
南加州空氣品質管理局SCAQMD對於煉油廠廢氣燃燒塔排放空氣污染物造成污染方面於1998年2月13日訂定管制規範“SCAQMD Rule 1118 Control of Emission from Refinery Flares”，並再於2005年11月4日修訂頒布，規定自2007年9月1日起廢氣燃燒塔僅可於緊急、跳車、開爐、停爐、歲修及必要操作需求(Essential Operational Need)，方可排放。
台灣VOCs法規雖有將“必要操作需求”列入，供地方環保機關審查認可，但未全部納入如SCAQMD所條列出之必要操作需求項目。如因操作中系統為防止空氣污染到製程流體而排放含惰性氣體氮氣、氧氣等廢氣，或設備啟用前後吹驅處理所排放之廢氣，因無法與廢氣回收系統設備或燃料氣系統相容，居於安全考量必須排放至廢氣燃燒塔系統處理，但因國內VOCs法規排除不納入認可項目，此舉將使得在煉油石化廠操作實務上發生困難。美國EPA 1995「Air Pollution Technology Fact Sheet 」敘述廢氣燃燒塔係設計以處理緊急狀況時的排放，但也應用於處理日常製程調整時所排放出的氣體，因此國外先進國家均無限制燃燒塔平日(非緊急程序)不得操作之規定，此觀念應強調以免被錯誤認知與誤導。
SCAQMD Rule 1118必要操作需求(Essential Operational Need)如下述:須由政府官員決定
(A) Temporary fuel gas system imbalance due to:

(i)
Inability to accept gas compliant with Rule 431.1 by an electric generation unit at the facility that produces electricity to be used in a state grid system, or

(ii)Inability to accept gas compliant with Rule 431.1 by a third party that has a contractual gas purchase agreement with the facility, or

(iii)The sudden shutdown of a refinery fuel gas combustion device for reasons other than poor maintenance or operator error;

(B) Relief valve leakage due to malfunction;

(C) Venting of streams that cannot be recovered due to incompatibility with recovery system equipment or with refinery fuel gas systems, including supplemental natural gas or other gas compliant with Rule 431.1 that is used for the purpose of maintaining the higher heating value of the vent gas above 300 British Thermal Units per standard cubic foot.  Such streams include inert gases, oxygen, gases with low or high molecular weights outside the design operating range of the recovery system equipment and gases with low or high higher heating values that could render refinery fuel gas systems and/or combustion devices unsafe;

(D) Venting of clean service streams to a clean service flare or a general service flare;

(E) Intermittent minor venting from:

(i) Sight glasses;

(ii) Compressor bottles;

(iii) Sampling systems; or

(iv) Pump or compressor vents; or

(F) An emergency situation in the process operation resulting from the vessel operating pressure rising above pressure relief devices’ set points, or maximum vessel operating temperature set point.
在台灣VOCs法規定義"廢氣燃燒塔使用事件" 為公私場所具石油煉製程序或輕油裂解程序者(即單一廠 不分規模大小)，所有廢氣燃燒塔每日累計處理進廢氣流量大於30,000 m3之情形。但依SCAQMD Rule 1118定義“Reportable Flare Events”為單一座廢氣燃燒塔每座排放量大於330 scfm (standard cubic feet per minute), or about 136,000 m3 per day, for each flare if it last longer than 15 minutes。因依煉油廠或石化廠規模大小不同，廢氣燃燒塔數量應不一樣，若規定每一廠所有廢氣燃燒塔每日累計排放量訂均一標準，似乎不合理。
對於廢氣燃燒塔設置監測設施方面台灣VOCs法規定廢氣燃燒塔應設置下列監測設施： 
母火溫度量測器及監視器、於進廢氣管線設置流量計及具顯示總淨熱值之進廢氣成分及濃度監測設施，石油煉製業應加設總硫濃度監測設施並應連線至地方主管機關。依SCAQMD Rule 1118 規定應設置母火溫度量測器(pilot flames thermocouples )及監視器( UV detectors or CCTV)、進廢氣管線流量計、總淨熱值分析及進廢氣總硫濃度濃度等連續監測設施，未強制規定須設有分析成分之連續監測設施並比照CEMS方式與主管機關連線。
All sampling and analysis for heating values and sulfur contents were done manually. this definition was simply used to require refinery operators to take a sample for lab analysis whenever flaring takes place. Today, all of our refinery flares have flow meters and continuous sampling systems and analyzers for heating values and sulfur contents. All flaring events, regardless of big or small, have been continuously recorded and the results are reported to our office once every 3 months. As a result, SCAQMD have eliminated this definition from rule。For heating values, SCAQMD only requires the net heating value to be continuously measured. Some refineries use the GC type systems that also give them additional information about the gas composition, but other refineries use the combustion type systems that do not provide such information. SCAQMD accept both, but I heard that many refineries prefer the GC type because the gas composition information is useful for them.但目前南加州一些煉油廠為釐清由廢氣燃燒塔排放空氣污染物對鄰近社區造成之影響，一些煉油廠主動裝設分析成分監測系統，以作為工廠未污染環境之佐證資料之一。南加州空氣品質管理局SCAQMD經過多年的法規推動，廢氣燃燒塔排放污染造成民眾陳情污染之案件數已經很少。SCAQMD每年仍會對各煉油廠執行整廠法規符合度查核，由全部稽查人員進廠詳細檢查，並確認法規執行落實程度，避免工廠鬆懈。
南加州空氣品質管理局SCAQMD對於VOCs管制方面也制定許多規定如Rule 1173、Rule 1176、Rule 1178、Rule 463、Rule 1189、Rule 1118、Rule 1123等。
Rule 1173: Control volatile organic compound leaks from components and releases from atmospheric process pressure relief devices.

Rule 1176: This rule is intended to limit volatile organic compound emissions from wastewater systems.

Rule 1178: This rule is intended to reduce volatile organic compounds from storage tanks at petroleum facilities.

Rule 463: This rule is intended to reduce volatile organic compounds from above ground storage tanks.

Rule 1118: This rule is intended to reduce SO2 emissions from refinery and related flaring operations.

Rule 1189: This purpose of the rule is to reduce volatile organic compounds from hydrogen plant process vents. 

Rule 1123: This rule applies to refinery process turnarounds.     

Depressurize any vessel containing VOC、 Submit Plan.
其中以SCAQMD Rule 1173 Fugitive VOCs Emissions，對設備元件VOCs逸散管制規定為主，SCAQMDRule 1173係於1989年7月訂定發佈，1991年2月1日正式生效實施，2002年再修正。
SCAQMD Rule1173對VOCs不同設備元件Components逸散洩漏定義值(Leak Threshold、Leak Definitions)洩漏違規值(Leak Violation Threshold、Leak Standard) 有不同洩漏違規值標準:

1.Valve, Flange, Connector等 其Leak Violation洩漏違規值
Heavy Liquid Violation Threshold: 500 ppm ( Heavy Liquid pump 100 ppm)
Light Liquid/Gas/VaporViolation Threshold: 50,000ppm  (>10,000ppm)

稽查抽測200個以下Light Liquid/Gas/Vapor設備元件發現一個>50,000ppm

或二個>10,000ppm 即達Leak Violation洩漏違規值。
2. 稽查抽測排放大氣壓力釋放裝置PRD( Pressure Relief Devices)一個 >200 ppm 即達Leak Violation 洩漏違規值，實務上PRD有二個以上200ppm違規，才屬要開單的違規。
The confusing part of the list may be with Item (1)(D), which you need to read together with Table 1 in the rule.  For example, during one inspection tour, our inspector inspected less than 200 components (which is typical) and found 2 valves leaking at 15,000 ppm (i.e., >10,000 ppm but <50,000).  The inspector will issue a Violation Notice for the valves in this case.  If the inspector also found one PRD leaking at 300 ppm (i.e., >200), the PRD is still in compliance. 
SCAQMD Rule 1173 Leak Standards :
(1) The operator of a facility subject to this rule shall be in violation of this rule if District  inspection detects any: 
  (A) Light liquid leak of more than three drops per minute; 
  (B) Leak greater than 50,000 ppm from a component in light liquid/gas/vapor service; 
  (C) Leak greater than 500 ppm from a component in heavy liquid service; or 
  (D) Leak within any continuous 24-hour period and numbering in excess of the Leak Thresholds   for that component listed below in Table 1, if it is:(i) A leak from a component in light liquid /gas/vapor service, greater than 10,000ppm; or (ii) A leak from an atmospheric PRD, greater than 200 ppm; or(iii) A leak from a pump in heavy liquid service, greater than 100 ppm.
USEPA對設備元件洩漏檢測與維修管理方面訂定Method 21 LDAR(Leak Detection and Repair) ，規範定期檢測申報之檢測儀器及檢測方式等。The standard method for all LDAR programs in the U.S.Does not specify detector type (FID or PID) or calibration gas (methane or hexane)To be determined by individual regulationsNot for direct measurement of mass emissions Most popular instrument meeting the specifications is TVA1000B offered by Thermo Electron，All VOC process stream valves must be monitored，Annual/quarterly/monthly basis，Repair completed within 1-7 days，Must use approved technology Must repack valves that are leaking。美國加州AQMD規定設備元件檢測做法為Take readings at the component interface , Locate and monitor at the maximum leak location , Monitor long enough to identify a leak 2 x response time , Monitor all potential leak paths ,Follow up Method 21 and Training and Data Management。
依南加州空氣品質管理局SCAQMD統計經推廣洩漏檢測與修護技術LDAR（Leak Detection and Repair）後，於2007年至2011年設備元件洩漏率維持穩定，介於0.26%至0.8%之間（Rule1173 洩漏濃度定義為500ppm）。
USEPA於2008年12月推動Smart Method 21 LDAR Optical Gas Imaging Systems , EPA adopted a regulation (in 40CFR60 Section 60.18) allowing use of optical gas imaging instrument as an alternative to Method 21 Requires ANNUAL Method 21 monitoring Requires daily calibration at specified sensitivity levels and pre-determined distances (for monthly monitoring, 100 grams/hour) 宣導新檢測技術FLIR Camera，利用紅外線洩漏顯像儀FLIR，平時進行檢測查漏，當然定檢部份仍須依USEPA Method21以Thermo TVA-1000B為法規檢測儀器。
SCAQMD另統計設備元件逸散洩漏量為92%來自0.24% of components， 99%設備元件(不漏或微漏)逸散洩漏量只佔全部之2%，所以改善須針對重點設備元件進行。
南加州空氣品質管理局SCAQMD亦對於外浮頂儲槽有加嚴管理規定，應於儲槽上方加設頂蓋(Dome)，以防止側風及陽光照射，造成浮頂氣封設備損害。外浮頂槽錐頂槽氣封一般使用天然氣或燃料氣。
SCAQMD宣稱其自2007年至2011年每年對南加州6座主要煉油廠執行“Blue Sky” 檢測稽查，總洩漏率在0.26%至0.54%。設備元件類型以泵浦、壓縮機、排大氣釋壓閥等洩漏比例佔最高。SCAQMD亦發現Aircooler集管箱plug洩漏問題，一般一組集管箱有數十個上百個plug堵頭，正考慮如何進行規範管制，未來可能會考量納入納入設備元件管制。
2.3 參訪南加州BP Carson煉油廠

英國石油公司BP Carson Refinery是南加州最大煉油廠，成立於1923年，日煉量每天約260,000桶BPD，主要生產供應南加州25%汽柴油，BP Carson Refinery位於Los Angeles County，靠近Long Beach，廠區面積約630 acres。
2012年11月15日英國石油公司BP宣佈同意以45億美元（約1312億元台幣）的天價，與美國司法部達成和解。賠償該公司在2010年4月因鑽油平台爆炸、海底輸油管破裂，導致490萬桶原油流入墨西哥灣，所造成的美國史上最大環境污染災害。
這起全球最嚴重的海底漏油事故，不但造成11名BP公司員工死亡，更耗時87天才找出海底確切的漏油口完全封住漏油。當時美國西南方海域已遭嚴重污染，沿海與河口地區的野生動植物大量死亡，墨西哥灣大面積的漁撈業完全停擺。這項和解案仍需法官最後裁定才能成立，但BP公司之後仍須面對其他民事訴訟，包括環境復育、經濟損失等集體訴訟，總計求償金額約高達180億美元（約5248億元台幣）。
因英國石油公司BP必須付出高額賠償金，因此於2012年8月底將賺錢金雞母BP Carson煉油廠，以25億美元賣給Tesoro公司，將退出南加州地區，本次參訪時仍為BP公司尚未改名。
此次參訪BP Carson Refinery係由南加州空氣品質管理局SCAQMD官員空品工程部門資深經理Mr.Jay Chen安排參訪行程，BP Carson Refinery安排其環保部門經理Mr. Alan C. Seese、
環保部門課長Mr. Robert Nguyen、環保部門工程師Mr. Chris Cornell、Miss Susan Stark等接待，並由環保部門課長Mr. Robert Nguyen簡報。
簡報後說明目前美國煉油廠進入參訪規定(自從911事件以後) : 需繳交護照或證件核對身份、先看入廠安全須知與規定後簽名(或看入廠安全須知與規定影片)、拍照(個人大頭貼)核發入廠證件、填寫入廠出廠時間與簽名。在搭車進廠參訪前須遵照下列個人防護裝備PPE規定: 穿著防火連身安全服、安全鞋、配戴安全眼鏡、戴安全帽與耳塞等，司機開車前會檢查與叮嚀，車上亦張貼一張檢點告知牌，無問題後才出發進入廠區，由這些細節也讓人感受到該廠在安全上的要求與重視。
BP Carson Refinery共有6座廢氣燃燒塔Flare，2座廢氣回收壓縮機，10座總硫分析儀，6座含分析成份與熱值質譜儀，Flare Gas經加壓後送至Coker Amine處理後進入公用燃料氣系統回收當燃料。此次參觀BP Carson Refinery Hydrocracker Flare系統，此Flare Gas系統設置有Flare Gas K.O.Drum、 Flare Gas GC House 、Flare Gas超音波流量計等，Flare Gas GC House內部設施有Flare Gas總硫分析儀器等設備。GC House內部儀電配線配管排列非常整齊，環境非常乾淨，尤其在Flare Gas K.O.Drum附近地面均無油污與雜物。
BP Carson Refinery為配合SCAQMD Rule 1173法規規定VOC >500ppm開罰單，在VOCs設備元件方面原先自行規定2”以下閥類使用無洩漏型閥(Leakless Valve)之申縮囊密封式閥Bellows Sealed Valve (Bellows Sealed Valve為USEPA公告VOCs最佳可行控制技術BACT)，
後來再要求12”以下閥類改用Bellows Sealed Valve，該廠目前已大量使用Bellows Sealed Valve。在參觀Hydrocracker Flare系統的Flare Gas K.O.Drum區域發現其大小閥件均為Bellows Sealed Valve。
BP Carson Refinery在VOCs設備元件檢測管理方面，每天由承攬商使用紅外線氣體洩漏顯像儀FLIR及VOCs檢測儀器於工場區進行搜尋查漏檢測，若發現洩漏通知工場處理改善。每季由承攬商使用VOCs檢測儀器TVA1000B進行定期檢測，並利用無線傳輸與電腦管理系統自動產生檢測報表與異常報表，以進行後續追蹤管理與申報。參訪時並安排承攬商使用VOCs檢測儀器Thermo TVA-1000B進行檢測與無線傳輸檢測數據至電腦與產生報表，整個檢測管理工作無線化，確實減少不少人力值得參考。
BP Carson Refinery強調承攬商在工場區泵浦相關VOCs設備元件檢測時均依SCAQMD規定VOCs檢測儀器直接在設備元件interface上檢測，VOCs設備元件檢測洩漏時立即處理或掛洩漏標示牌，無法於規定時間內完成修護處理改善，須申報列管於Turnaround時檢修。其工場區排放暗溝漏斗口均加以編號標示，工場區暗溝系統人孔蓋亦編號標示，工場區暗溝油水分離池CPI頂部均加蓋密封，排氣管接管線至二座活性碳罐處理後再排大氣。於工場區參訪時均無聞到臭味異味且整潔工場管理非常好。
BP Carson Refinery工場區塔槽設備架台與管架之鋼構、爬梯均採用鍍鋅鋼，儀電纜線槽亦採用鍍鋅鋼材質，Hydrocracker Flare地區管架、Flare Gas K.O.Drum架台與爬梯之鋼構亦均採用鍍鋅鋼，如此可省掉不少油漆維護工作。
BP Carson Refinery人員並引導至常壓錐頂槽區，說明其將各儲槽排氣接管連通至氣封及緩衝系統，使用天然氣或燃料氣當氣封流體，以防止儲槽操作造成VOCs油氣逸散。
2.4 參訪北加州灣區空品局BAAQMD

參訪北加州灣區空氣品質管理局BAAQMD（Bay Area Air Quality Management District）是由其負責主管空氣品質工程部門經理Mr. Mr. Barry G. Young接待安排參訪討論行程，經介紹雙方人員後由本人先簡報說明台灣目前有關煉油石化廠VOCs法規及廢氣燃燒塔方面的管制規定，並介紹本公司林園石化廠在VOCs污染防制與廢氣燃燒塔的管理作法等，然後再由BAAQMD負責各項有關VOCs業務人員進行簡報與交流討論。
舊金山灣區（San Francisco Bay Area）簡稱灣區（The Bay Area）是美國

 HYPERLINK "http://zh.wikipedia.org/wiki/%E5%8A%A0%E5%88%A9%E7%A6%8F%E5%B0%BC%E4%BA%9E%E5%B7%9E" \o "加利福尼亞州" 加利福尼亞州北部的一個大都會區，位於沙加緬度河下游出海口的舊金山灣四周，其中包括多個大小城市，最主要的城市包括舊金山半島上的舊金山，東部的奧克蘭，以及南部的聖荷西等。舊金山灣區為美國西岸僅次於洛杉磯的最大都會區，總人口數在700萬以上，該地也是美國人均所得最高的地區之一。
北加州灣區空氣品質管理局BAAQMD（Bay Area Air Quality Management District）成立於1955 年，轄區範圍涵蓋阿拉米達Alameda、康特拉科斯塔Contra Costa、馬林Marin、納帕Napa、舊金山San Francisco、聖馬刁San Mateo、聖塔克拉拉Santa Clara、索拉諾西南部southwestern Solano、索諾瑪南部southern Sonoma等9個郡所組成的空品區，與南加州空氣品質管理局SCAQMD及聖地牙哥空氣品質管理局SDAQMD等三個區域性環保單位，為加州地區三大直接隸屬加州州政府管轄之獨立區域環保單位。
北加州灣區空氣品質管理局BAAQMD管制全舊金山灣區9個郡的固定污染源所產生的各種空氣污染物。舊金山灣區有5座煉油廠: Phillips66 San Francisco Refinery、Royal Dutch Shell Martinez Refinery、Chevron Richmond Refinery、Tesoro Martinez Golden Eagle Refinery、Valero Benicia Refinery。
北加州灣區空氣品質管理局BAAQMD安排下列官員進行包括設備元件逸散、釋壓裝置、儲槽、冷却水塔、廢水收集與分離處理系統、煉油廠歲修管理、廢氣燃燒塔管制與回收減量等各項不同業務簡報與討論交流:
BAAQMD官員:Mr. Barry G. Young ---- A.Q. Engineering Manager
Mr. Jeffrey Gove---- Supervising A.Q. Specialist Compliance & Enforcement Division

Mr. Douglas E. Tolar---- Senior A.Q. Specialist Compliance & Enforcement Division

Mr. Simon Winer---- Senior A.Q. Inspector Compliance & Enforcement Division

Mr. K.R. Bhagavan Bugie----Senior A.Q.Engineer Engineering Division
Xuna Cai -------------A.Q.Engineer Engineering Division
1. Fugitive Components – Jeff Gove/Simon Winer
BAAQMD Regulation 8, Rule 18 --Fugitive Leaks
Leak Standards (Total Organic TVOCs): 
100ppm ---valves and connectors   500ppm---pumps, compressors and PRD’s 
Monitoring EPA Method 21

＊Flame Ionization Detector (FID) range 0-50,000ppm TVA-1000B.
＊Hand held data recorder and database platform for managing program (Leak DAS, Fugems etc.) 
＊FLIR camera used as screening tool but has 10,000 ppm detection and need experienced operator and is expensive tool.
＊FID instruments cannot monitor where inert blanket gasses are utilized. 

Required Inspections: 
＊Daily visual for liquid leaks pumps and compressors.
＊Quarterly instrument inspection on all valves, pumps and compressors.
＊Connectors not required to inspect.
＊If connectors are inspected then 24hr repair period. 

＊Instrument inspection on any equipment opened during maintenance within 90 days.

Non-Repairable Equipment:

＊Cannot exceed 5 years or next maintenance turn-around

＊Major Leak > 10,000 ppm
Inaccessible Valves:

＊Any equipment located over 13 feet above the ground when access is required from the ground; or any equipment located over 6.5 feet away from a platform when access is required from a platform. 

＊Annual inspection is required (normally quarterly requirement).
Where Leaks are Commonly Found:
＊Small tubing couplings, especially compression fittings.  

＊Sample stations.
＊Heat exchanger heads – thermal cycling. 

＊Fin fan plugs. 
BAAQMD Fugitive VOC Emissions Regulation 8, Rule 18法規規範不同設備元件Components 有不同洩漏違規值標準:(Leak Standard也就是洩漏違規值)
Valves、Flange、Connections------------100 ppm

Pumps、Compressors and PRD’s----500 ppm 

2. Pressure Relief Devices – Jeff Gove/Simon Winer
BAAQMD Regulation 8, Rule 28---Atmospheric Pressure Relief Devices
Episodic Releases from Atmospheric Pressure Relief Devices. 

Monitoring System:

＊Parametric process parameters (temp, pressure, type of service, alarms  etc.) are used to determine if release > 10 lbs. to atmosphere has occurred.
Materials requiring reporting:

＊total organic compounds, ammonia, hydrogen sulfide, chlorine, sulfur dioxide, sulfur trioxide, hydrofluoric acid, and difluoroethane.

＊Notify of release no later than next working day.
Action Trigger  First Release in five year period:

＊Instrument inspection within 1 week of event to verify reseating of PRD.
＊Mass emission calculation within 30 days.
＊Process Hazard Analysis within 90 days to prevent recurrence. 

＊Equip PRD with tell-tale indicator (sock, rupture disc etc. )within 120 days.
Action Trigger  Second Release in five year period:

＊Route PRD to vapor recovery system with 95% destruction efficiency within one year of release.
Types of Monitors at PRD’s:
＊Sleeve or sock placed over PRD horn (tell-tale)

＊Rupture disc 

＊Acoustic monitor (Shell Refinery)

Leak Standard : 500 ppm at PRD using Flame Ionizing Detector

3. Internal Floating Roof Tanks – Jeff Gove/Simon Winer
BAAQMD Regulation 8, Rule 5---Liquid Storage Tanks
Types of Tanks:

＊Internal floating roof 

＊External floating roof

＊Fixed roof – often blanketed and routed to abatement 
Inspection Requirements:

＊Seals, tank fittings, PRD’s

＊Two inspections/year (no repair allowance) or 

＊Four inspections/year (48 hr. repair) 

Gap Standards- Secondary Seal:

＊No gap > 1.5mm

＊No gap > 0.5mm more 5% circumference

Gap Standards- Primary Seal:


＊No gap > 38mm.
＊No gap > 13mm more 10% circumference. 
Tools :  Zero gap tools、Supplied Air、FID analyzer.

Monitoring Requirements:

＊500ppm leak standard (FID instrument) at the PRD or Vacuum Breaker Valve .

Blanket Tanks:

＊Natural gas, or N2.
＊Must be routed to refinery fuel gas for abatement.
＊Some abatement systems use bladder tanks to conserve blanket.

Tank Cleaning/Degassing:

＊Abate vapor space to <10,000 ppm .
＊90% abatement efficiency. 

＊Mobile thermal oxidizer typical.
＊Open to atmosphere if four consecutive checks at 15 minute intervals show < 10,000 ppm. 

Best New Equipment:

＊“Drain Dry” Tanks with liquid sumps and abatement.
＊PVV change out while in operation using block valve under PVV.
＊Saab Radar Gauge.
4. Cooling Towers  – Barry Young
☆Permit Exemption (< 5 TPY VOC emissions)

2-1-128.4 : Water cooling towers and water cooling ponds not used for evaporative cooling of process water, or not used for evaporative cooling of water from barometric jets or from barometric condensers.

☆Exemption from VOC Rule 8-2

8-2-114: Exemption, Miscellaneous Plants: Emissions from cooling towers, railroad tank cars, marine vessels and crude oil production operations are exempt from this Rule, provided best modern practices are used.

☆Hexavalent Chromium prohibition

11-10-301: Since 1990, a person shall not operate any cooling tower in the District using hexavalent chromium chemicals.
Cooling Tower References:
＊AP-42 Petroleum Refining Chapter 
＊BAAQMD Permit Handbook Chapter – Cooling Towers 
＊“Best management practices”

＊Texas DEQ – Cooling Tower Monitoring
5. Wastewater Collection and Separation Systems – Barry Young
BAAQMD Rule 8-8 ---Wastewater Collection and Separation Systems
· Drains collect water containing organics from refinery process areas and tank farms.
· Oily water is routed through piping, junction boxes, manholes, sumps, and lift stations to separation and treatment.
· Separation and treatment removes organics.
· Rule 8-8 Wastewater Collection and Separation Systems.
· Control required for: wastewater separators, gauging and sampling devices, sludge-dewatering, slop oil vessels, channels, ponds, trenches, and basins,  air flotation units, and junction boxes.

· Controlled components shall be vapor tight.

· Uncontrolled components shall be equipped with a water seal or inspected semi-annually.

· Water seal is required for new (post-1/1/05) components.
6. Management of Refinery Process Turnarounds – Barry Young
· Rule 8-10 Process Vessel Depressurization

· This rule limits VOC emissions from depressurizing and opening of process vessels at petroleum refineries and chemical plants.

· Requires VOCs to be recovered, flared, or controlled.

· Rule 8-10 Annual Reporting required per Section 8-10-401

· Rule 8-10 Monitoring

· EPA Method 21 (40 CFR Part 60, Appendix A)

· Any vessel subject to rule shall be monitored prior to opening and once per day during the time the vessel is open to the atmosphere (8-10-501).

· Rules 12-11 and 12-12 Flare Monitoring and Control
7. Flares and Flare Gas Minimization and Recovery – Doug Tolar
BAAQMD Regulation 12, Rule 11---Flare Monitoring at Petroleum Refineries 
The purpose of Rule 12-11 is to require monitoring, recording, and reporting of emissions data for flares at petroleum refineries: 

· Identification of materials sent to the flare

· Quantity – continuous flow monitoring

· Composition – Analysis of vent gas

· Obtain more accurate estimates of flare emissions

· Refine Districts emission inventory for flaring

· Evaluate flare operations

· Facility analysis of cause

· Reporting of composition and flow

· Video surveillance
Monitoring: 
· Vent Gas Flow (SCF) – continuous, volumetric
· Vent Gas Composition

· Sampling Location 
· Sampling Trigger Level- flow>330 SCFM for 15 consecutive minutes
· Sampling Frequency- Within 15 minutes and every 3 hours until below trigger
· Sampling Methods- grab sampling and continuous analyzers 
· Video–capable of recording and archiving real-time digital images of the flare and the flare flames
· Pilot–two types of devices may be used 
· Pilot and Purge Gas – volumetric flows 
· Flare Monitoring System - general
· downtime is limited, some reportable
· alternatives for flow meters &continuous analyzers
· calibration for monitors, recording devices
· Recordkeeping – 5 yrs for all required monitoring data
Flare Monitoring Data Reporting:
· Monthly Reports
· Total Volumetric Vent Gas Flow–hourly, daily and monthly
· Vent Gas Composition–any compound determined by sample analysis
· Average MW of Vent Gas – hourly for the month (if flow meter is designed to measure this parameter)
· Pilot and Purge Gas–type used, volumetric flow, the means used to determine
· Flaring Events–when vent gas flow >1MMSCF/day
· Flare Emissions–calculated CH4, NMHC, SO2 in tons (daily and monthly)

· Flare Monitoring System Down Time Periods –dates, times

· Archive of Digital Flare Images
· Semi-Annual Flow Verification Report

BAAQMD規定自2006年11月1日起，各煉油廠需提送最小排放量計畫，Flare僅可於緊急、意外防護、及緊急洩壓時排放。
BAAQMD Regulation 12-12--- Flares at Petroleum Refineries
The purpose of Rule 12-12 is to reduce emissions from flares at petroleum refineries by minimizing the frequency and magnitude of flaring:
· Flare Minimization Standard–Flaring is prohibited at a refinery unless that flaring is caused by an emergency or is consistent with a refinery’s approved Flare Minimization Plan (FMP);

· Notification of Flaring –Timely notification to the District when significant flaring occurs;

· Causal Analysis Reports –investigation by refinery into reasons for significant flaring (root cause and contributing factors);

· Water Seal Integrity –requires continuous monitoring and recording of pressure and water levels in refinery flare water seals;

· FMP Updates–Requires annual review and update of each refinery’s FMP to ensure  continuous improvement in minimizing the frequency and magnitude of flaring.
FMP Flare Minimization Plan Requirement
Each Flare Minimization Plan (FMP) must include: 

· Detailed technical information regarding the design and operation of refinery flare gas recovery system;

· Description of measures previously taken to permanently capture emissions reductions and planned measures to further reduce flaring emissions; and 

· Commitments to implement feasible prevention measures expeditiously. 
Regulation 12-12 requires each refinery to submit an FMP Annual Update that includes the following: 

· New prevention measures (PMs) identified during investigations of significant flaring events that occurred in prior year to reduce refinery flare emissions.

· A description of the PMs previously taken or currently planned to reduce flare emissions at the refinery; and
· Commitment to implement all new feasible PMs expeditiously.
An FMP Annual Update will only be approved:
· After consideration of public comments received during a 30-day public review and comment period, and
· If the District determines all feasible PMs have been added and, if not already undertaken, scheduled for expeditious implementation.
Prevention Measures and Minimization
· Source Reduction

· Vent Gas Compressor Capacity

· Fuel Gas Balance

· Scrubbing Sour Gasses
Source Reduction Measures
· Pre-turnaround flare minimization planning.

· Additional instrumentation for real-time monitoring of header systems.

· Flare gas used as fuel for cogeneration plant.

· Re-routing of process streams.

· Unit feed reductions and process cuts.

· Improved startup/shutdown procedures.
Recovery Compresso Mearsures
· Installation of new compressors & re-servicing existing compressors to flare gas recovery.

· Improvements in flare gas recovery compressor reliability: 

· Upgrades to compressor internals to increase MW range and reduce overheating.

· Improved knockout drum monitoring.

· Modifications to cool vent gases in flare headers before compressors.

Fuel Gas Balance Measures
· Modifications to Cogeneration Steam Generator to burn low BTU gas.

· Addition of a new Delayed Coker to reduce amount of fuel gas produced.
· Re-routing of vent gases into processes heaters.
· Improved monitoring of process vents to flare system.
· Improved communications among unit operators. 
Sour Gas Scrubbing Measures
· Minimizing vent gas to flare to reduce Sulfur Dioxide emissions.

· Temporary spare scrubbing unit during primary scrubbing unit maintenance.

· Back-up power supply for scrubbing system.

·  New sulfur recovery plant including new sour water stripper and amine regeneration.
2.5 參訪RAE Systems公司VOCs檢測技術與檢測儀器

至矽谷RAE Systems Inc.公司參訪VOCs檢測技術與簡易型VOCs檢測儀器，參訪由Mr. Peter His(Vice President & Chief Technical Officer) 、Mr.Thomas Negre (Vice President of Products & Marketing) 、Mr. Chris Toney(Chief Operating Officer) 分別簡報該公司業務狀況與介紹各種工安與環保檢測儀器產品之用途及VOCs檢測儀器，並至製造部門參觀。該公司所生產各種檢測儀器中，40%用於工安消防方面檢測、20%用於環保方面檢測。
RAE Systems公司是一家擁有無線功能光離子化氣體檢測器PID和輻射探測檢測技術和擁有自己的傳輸感應之技術開發和製造商，RAE Systems products are used in more than 120 countries by many of the world's leading corporations and government agencies.產品超過120個國家和地區使用。 RAE Systems offers a full line of wirelessly enabled solutions including personal, hand-held, transportable, and fixed instruments designed to meet the needs of any usage scenarioRAE系統公司提供了全系列的無線，包括個人，手持式，便攜式，固定儀器。其氣體探測解決方案已經成為能源生產，煉油，工業和環境安全部門廣泛的個人和工廠的安全性和法規遵從性應用的標準。 

RAE Systems' products are used by many US and non-US government agencies as well as by numerous city and state entities across the United StatesRAE Systems' gas detection solutions have become a standard for companies within the energy production, refining, industrial and environmental safety sectors for a wide range of personal and plant safety and regulation compliance applications Company VisRAE Systems is proven technology leader that owns and manufacturers its own sensor technology. The company holds over 18 chemical sensor patents and has developed proprietary photoionization detector ( PID ), wireless, and radiation-detection technologiRAE Systems recently agreed to merge with a leading global technology investment firm as part of the company's ongoing effort to advance development and manufacturing of its leading chemical, gas and radiation detection solutions and services that it delivers to customers worldwide. The merger marks RAE Systems' switch from being a publicly held company to a privatThe decision reflects the company's focus and commitment to the businesses and markets it serves – including industrial and responder safety, and military and security markets – and is expected to help drive its continued growth as it redirects capital to further expand its research and development effoRAESystems公司氣體檢測儀器在能源生產，煉油工業和環境與安全消防隊等部門廣泛使用。亦被用於疏緩公共健康風險和保護大型災害緊急救援人員和周圍環境。如2010年墨西哥灣漏油事件與2011年日本福島地震當災害發生時，提供先進的檢測特定化合物與可燃性及毒性氣體無線探測監測器，以及輻射探測器劑量計等。Collectively, the cleanup and response teams involved in the oil spill were at significant health risk from exposure to harmful toxins resulting from oil contamination.在墨西哥灣漏油事件中，環境管理與技術專家在進行應變處理清理時，部署AreaRAE無線傳輸感應器及UltraRAE苯檢測儀器與手持式比色法檢知管，於墨西哥灣沿岸提供全天候的監測檢測揮發性有機化合物（VOCs）和苯。以防止石油污染與應變團隊暴露於有害的毒性化學物質中，造成健康風險危害。
MiniRAE 3000 Portable Handheld VOCsMonitor手提式VOCs偵測器
MiniRAE 3000 The MiniRAE 3000 is the most advanced handheld volatile organic compound (VOC) detector on the market.Its Photoionization Detector's (PID) extended range of 0 to 15,000 ppm makes it an ideal instrument for applications from industrial hygiene, to leak and HazMat detection.光離子化檢測器（PID）的檢測範圍為0到15,000 ppm，工業衛生，洩漏和危險品檢測應用程序的理想工具。 
The MiniRAE 3000 is the most advanced handheld volatile organic compounds (VOCs) monitor on the market. Its photoionization detector’s (PID) extended range of 0 to 15,000 ppm makes it an ideal instrument for applications from industrial hygiene to leak detection and HazMat. Real-time wireless data transmission with built-in. RF modem or Bluetooth The RF modem allows real-time data transmissions with a base controller located up to 500 feet away from the MiniRAE 3000 (or two miles with optional RAELink3 portable modem). A personal computer can be used as the base station for a MiniRAE 3000 system. The standard ProRAE Remote software is capable of monitoring the input of up to 64 remotely located monitors, including MiniRAE 3000, AreaRAE, etc. 4-year repair and replacement guarantee. Annual maintenance service. 
PID儀器與FID儀器 兩種儀器VOCs的測值比對方式如下 :

(一) 因二種儀器檢測分析原理不同，現場檢測Propylene時，FID儀器顯示超過10,000ppm的值是以CH4為基準下之測值，PID儀器顯示6,500ppm是以Iso-Butylene為基準下之測值。因此要比較FID儀器及PID儀器的準確性，應先將二種儀器都轉換為Propylene的測值來比對才正確。
(二)因環保機關都是以TVA-1000B(FID儀器)抽測現場的VOCs氣體濃度，無論是何種純氣體或混合氣，都是以CH4為基準下顯示測值，因此煉油廠若使用PID儀器檢測VOCs的做法，是要先以FID儀器的測值來設定顯示的CF Correction Factors修正值(不是依被測氣體來設定) ，如此PID儀器測值才會與接近環保機關TVA-1000B(FID儀器)測值。
本公司桃園煉油廠購買MiniRAE 3000VOC檢測儀器，提供各工場做設備元件維修啟用或操作變動時，初級自主檢測管理。MiniRAE 3000VOC檢測儀器各工場啟用前，先以FID儀器檢測其工場內各洩漏點的VOCs濃度，然後再以PID儀器測得的測值，以差異的倍數平均值來設定其CF值(修正值)，之後兩種儀器再比對就會有接近的讀值可供參考。
The RF modem allows real-time data transmissions with a base controller located up to 500 feet (or two-miles with optional RAELink3 portable modem) away from the MiniRAE 3000 detector.MiniRAE 3000無線手提式VOCs偵測器檢測時，可選用RAELink3便攜式調製解調器，進行無線數據傳輸至500英尺或兩英里遠基站。 A personal computer can be used as the base station for a MiniRAE 3000 system. 
SENSIT® HXG-3 combustible gas leak detector :

Size: (29.21 x 7.62 x 5.89 cm) 、重量1.2 lb.(0.54 kg) 、專門用來檢測CH4與H2等可燃性氣體之儀器，應用於Confined Space Monitoring Vessel Testing、 Manhole Entry Vault Entry、 Leak Detection 、Leak Pinpointing 、Pipeline Purging等。
SENSIT® HXG-3 is an advanced state-of-the-art combustible gas leak detector，capable of sensing many combustible gases，such as methane、propane and natural gas，The backlit LCD display shows percent lower explosive limit (LEL) and part-per million (ppm) readings ，simultaneously for accurate leak detection and analysis。Audible and visual alarms warn of potential hazardous conditions。

UltraRAE 3000便利攜帶手持式苯化合物VOCs監測器
UltraRAE 3000The UltraRAE 3000 is the most advanced Compound-Specific Monitor on the market.Its Photoionization Detector's (PID) extended range of 0.05 to 10,000 ppm in VOC mode and 50 ppb to 200 ppm in benzene-specific mode makes it an ideal instrument for applications from entry pre-screening during refinery and plant maintenance to hazardous material response, marine spill response and refinery down-stream monitoring.為一種光離子化檢測器的（PID）Photoionization Detector's， 檢測範圍在0.05至10,000 ppm的VOC模式和50 ppb的到200 ppm苯的特定模式，應用在煉油廠和工廠維護有害物質的監測，海洋溢油應變和煉油廠下游監測。
MultiRAE Plus便利攜帶式6種氣體檢測儀
The MultiRAE is the most advanced wireless portable chemical detector MultiRAE Plus是市場上最先進的無線便利攜帶式6種氣體檢測儀。 In addition to its cutting-edge PID sensor for volatile organic compounds (VOCs), the MultiRAE supports over 30 electrochemical, NDIR, and catalytic sensors to detect up to five additional threats, including toxic and combustible gases, oxygen deficiency/enrichment, and carbon dioxide.除了其先進的PID揮發性有機化合物VOCs的傳感器，支持超過30種的MultiRAE Plus的電化學，NDIR傳感器和催化的檢測多達5個額外的威脅，包括有毒和可燃氣體，氧氣不足/富集，碳的二氧化碳。
2.6 參訪德州ExxonMobil PX MAX芳香烴廠
ExxonMobil石油公司所屬之德州Beaumont Complex廠區，位於Sabine-Neches River沿岸，面積約2400公頃，該煉油石化複合廠區設置有煉油廠、石化廠、潤滑油廠等廠，共有員工約2,000人，平時承攬商約1,000人。煉油廠日煉量365,000桶BPD、汽油年產量約28億加侖；石化廠生產乙烯、丙烯、芳香烴類等石化原料及石化合成品、並生產超過25種不同型號的沸石觸媒Zeolite Catalyst；潤滑油廠生產潤滑油基礎油及各項型號潤滑油，如用於NASA太空梭之Mobil Grease28、領先世界的合成機油Mobil-1等。
ExxonMobil石油公司德州Beaumont Complex廠非常重視安全與環保方面，尤其設定安全目標為“Nobody Gets Hurt”更能顯示出該廠對人身安全的重視。也因此獲得許多獎章與認可，包括美國石油煉製協會NPRA之“Gold Award”及Meritorious Safety Performance Award等。
至ExxonMobil德州Beaumont Complex石化廠之ParaXylene Max Unit參訪，先於訪客中心辦理入廠相關手續與登記資料(出示護照核對、拍照、填寫入廠安全須知並簽名等)換全身式安全服、安全鞋、配戴安全帽與耳塞，搭車至廠內辦公大樓簡報介紹與討論ParaXylene結晶法生產製程，然後搭車至ParaXylene Max Unit工場區參觀。
ParaXylene結晶法製程進料為甲苯及氫氣，氫氣純度約88~90wt%，反應壓力約350psig，產品對二甲苯ParaXylene純度約99.7wt%、苯Benzene純度約99.9wt%，生產對二甲苯方法製程與本廠目前使用之PARAX吸附分離方法製程不同。
ExxonMobil德州Beaumont Complex石化廠之ParaXylene Max Unit輪班人員每班3人，一位在控制室負責盤面操作及二位現場操作員(一位負責Cold Train、一位負責Hot Train) 。
參觀ParaXylene Max Unit工場區後，針對其工安環保方面整理列出下列特點:
1. 工場區污油水暗溝排放CPI Sewer系統，採密閉式暗溝排放口即法蘭式鎖螺絲。
2. 工場區塔槽設備架台與管架之鋼構、爬梯均採用鍍鋅鋼，儀電纜線槽亦採用鍍鋅鋼材質，如此可省掉不少油漆維護工作。
3. VOCs設備元件閥類方面並沒有採用所謂VOCs BACT之Bellows Sealed Valve，仍是一般閥類型式，VOCs泵浦部份所看到的均為雙軸封式。
4. 工場區與工場周界設置一道高於一般地面之環狀圍阻堤，以防止當工場發生意外事故與漏油時，油液流出工場區外地面與明溝，造成污染。
5. 該工場廢氣燃燒塔FLARE正常操作時沒有排放，也沒有設置回收處理系統，FLARE設置監測排放流量與CCTV監測母火燃燒狀況。若發生廢氣燃燒塔FLARE異常排放時，依德州環保規定須進行通報，並傳送排放流量與物種等相關資料至主管機關。
6. 工場區所吊掛放置乾粉滅火器均設置紅色塑膠外箱保護並標示。
7. 工場區依塔槽Tower與Drum不同之架台爬梯，於各平台入口處，設置不同型式塑膠防墜閘門設施，以防止人員於平台爬梯口不慎掉落。
8. 工場區塔槽塔裙人孔均設置有加鎖螺絲之網狀防止人員進入設施，與標示局限空間未經許可禁止進入。
9. 整個工場區一般很整潔，設備與管線保溫外部完整，但塔槽平台上有雜物、漏水或漏蒸汽、泵浦底座未清、管線內容物與流向標示不完整等缺點，可能與整個工場每班操作人員只有3人有關。
2.7 拜訪GTC Technology , LLC公司德州總部 
因三輕更新擴產計畫工程汰換既有第四芳香烴萃取製程而所新建第七芳香烴萃取製程係採用GTC Technology公司萃取蒸餾專利製程技術，並使用其專利芳香烴萃取溶劑Techtive100，芳香烴萃取溶劑Techtive100主成份為Sulfolane再含其它專利配方。因此順道至GTC公司德州總部拜訪討論新芳香烴製程與萃取溶劑相關事項及GTC公司石化製程技術等。

GTC Technology , LLC公司以下簡稱GTC) 總部位於美國德州休士頓。GTC是在煉油、石化、化工領域專業的技術與工程設計公司，提供技術轉移、工程服務、化工設備、化工藥劑，其先進的技術、服務、設備和藥劑應用于生產、環境、節能、去瓶頸和製程設備整合等方面。
GTC在中國大陸、捷克、義大利、韓國、新加坡、墨西哥等地均設有子公司和代表處，服務遍及全球，主要客户有大陸中石油、大陸中石化、Petrochemical Holding GmbH (奧地利)、GS-Caltex Corporation (韓國)、Samsung-Total (韓國)、DC Chemical (韓國)、Reliance Industries(印度)、Indian Oil Corporation (印度)、SABIC (沙烏地阿拉伯)、Lukoil Corporation (俄羅斯)、Sonatrach Corporation (阿爾及利亞)、Siam Cement Group (泰國)、Petrochemia Blachownia (波蘭)等大型石化公司。
       GTC擁有一系列世界領先技術：GT-Styrene® 苯乙烯回收技術、GT-BTX®三苯抽提技術、GT-BTX PluSSM FCC汽油脱硫脱芳香烴技術、GT-TolAlkSM甲苯甲基化技術、GT-STDPSM選擇性甲苯岐化技術、GT-DMTSM對苯二甲酸二甲酯技術、GT-CrystPXSM對二甲苯回收技術、GT-PTASM對苯二甲酸技術、GT-IsomPXSM對二甲苯異構化技術、GT-SRESM溶劑回收技術、GT-TransAlkSM甲苯烷基轉移技術、回收硫化氫技術、CrystaSulf® 脱硫技術、HDT裂解汽油加氫處理技術、萘回收技術、HCCT不停爐清灰技術、工場去瓶頸，及裝置整合等。
此次拜訪GTC Technical公司德州總部，由GTC公司Mr. Cole Nelson(Director Technical Service)、Mr.B. Bryant Slimp(Business Manager Chemical Products)、Mr.Joseph Weller(Global Licensing Manager /Business Development Manager)、Mr.Zhepeng Liu(Technology Licensing Manager)等四人配合接待簡報與討論。
因目前正推動石化高值化，且本廠四輕與建廠中之新三輕，其所生產的裂解汽油中含有苯乙烯成份，可利用分離純化技術直接從裂解汽油中分離出石化品--苯乙烯，不必利用產出的石化原料苯與乙烯反應生產出苯乙烯，對石化工業整個生產鏈，可達到節能減碳，對輕油裂解廠而言可達到高值化效益。因此請GTC Technical公司介紹此分離純化技術GT-Styrene®。
Styrene Recovery Technology- GT-Styrene®
GT-Styrene is GTC's extractive distillation (ED) process directly recovers styrene from the raw pyrolysis gasoline derived from the steam cracking of naphtha, gas oils, and natural gas liquids(NGL).  The styrene, produced at high purities and suitable for polymerization,  is a less costly alternative to conventional styrene production routes.  If desired, the mixed xylenes can also be extracted from the pygas, raising their value as a chemical feedstock. The process is economically attractive for pygas feeds containing more than 15,000 tpy styrene.  Our GT-Styrene process is economically attractive to steam cracker operators which produce greater than 500 KMTA ethylene from liquids feedstock.
Process Description :

Raw pyrolysis gasoline is prefractionated into a heartcut C8 stream.  The resulting styrene concentrate is fed to an ED column and mixed with a selective solvent, which extracts the styrene to the tower bottoms.  The rich solvent mixture is routed to a solvent recovery column (SRC), which recycles the lean solvent back to the ED column and recovers the styrene overhead.  A final purification step produces a 99.9% styrene product containing less than 50-ppm phenyl acetylene.  The ED column overhead can be further processed to recover a high-quality mixed-xylene stream.  A typical world-scale cracker can produce approximately 25,000 tpy styrene and 75,000 tpy mixed xylenes from pyrolysis gasoline.
Process Advantages :
· Produces polymer-grade styrene at 99.9% purity.
· Allows the recovery of isomer-quality mixed xylenes for paraxylene production.
· Debottlenecks pygas hydrotreater and extends cycle length.
· Reduces hydrogen consumed in hydrotreating.
· Optimized solvent system and design provide economical operating costs.
第3章 參訪心得與建議
3.1 心得
  近10多年來美國環保主管機關對空氣污染管制之管制與要求非常嚴格，南加州空品局SCAQMD對各項空污削減與許可規定嚴苛及又加嚴VOCs之管制，使得加州煉油業界對各項管制需再投資至少數百萬美元空氣污染防制設備以進行改善，雖然各廠努力想辦法改善以符合規定，但加州政府仍持續提出推動各項空污監測與量測，以再進一步執行空氣污染減量。
  因此目前加州許多煉油廠反應，州政府政策法規的持續加嚴將影響加州經濟發展並造成有些廠商須削減產能才能符合。2012年8月底已有BP公司Carson煉油廠(日煉量產能26.6萬桶/日)以25億美元賣給Tesoro公司退出南加州地區。另外Valero公司於2012年10月底提出正找尋買主將其在南加州L.A. Wilmington煉油廠(日煉量產能7.8萬桶/日)及北加州舊金山灣區Benicia煉油廠(日煉量產能13.2萬桶/日)等二座煉油廠賣出，退出加州地區。若未來交易成功則Valero公司將成為第二個大煉油業離開加州。
本次參訪南加州空品局SCAQMD、北加州灣區空品局BAAQMD，發現對VOCs之管制規定各有不同標準，但依不同設備元件與設備元件內流體性質不同，訂有不一樣的管制標準。SCAQMD法規Rule 1173規範不同設備元件與流體有不同洩漏違規值標準: 
Valve、Flange、Connector若為Heavy Liquid Violation Threshold: 500 ppm ( Heavy Liquid pump 100 ppm)
，若為Light Liquid/Gas/VaporViolation Threshold:10,000ppm。
BAAQMD法規Regulation 8, Rule 18規範不同設備元件有不同洩漏違規值標準:
Valves、Flange、Connections Leak Standard100 ppm，Pumps、Compressors and PRD’s Leak Standard500 ppm。台灣VOCs之管制規定就沒有這方面考量與細分，但整體而言VOCs之管制規定確實比台灣嚴苛。
也因此南、北加州煉油廠對各種VOCs設備元件不管是從管理面的加強，如其目前所推動的“LDAR”（Leak Detection and Repair）洩漏檢測與修護管理方式，每天承攬商以紅外線洩漏顯像儀FLIR及TVA-1000B或其他VOCs檢測儀器巡視監測工場區，當發現設備元件洩漏異常，立即通知廠方處理改善，否則未事先查核到而被主管機關稽查抽測超過管制標準開罰單，承攬商須負責繳交；在設備元件本質上的改善方面如閥類採用無洩漏型閥(Leakless type Valve)之申縮囊密封式閥Bellows Sealed Valve、閥類的閥桿作動密封材料採用“Valve Sealing System”之各式高品質Low Emission Valve Glandpacking、一般法蘭方面的墊圈(gasket)換熱器法蘭方面的墊圈(packing)的改善等等，均下過一番努力，值得我們學習。
在對煉油廠與石化廠之廢氣燃燒塔管制方面，台灣VOCs法規定義"廢氣燃燒塔使用事件" 為公私場所具石油煉製程序或輕油裂解程序者，所有廢氣燃燒塔每日累計處理進廢氣流量大於30,000 m3之情形，即規範單一廠而不分規模大小，但因依煉油廠或石化廠規模大小不同，廢氣燃燒塔數量不一樣，若規定每一廠所有廢氣燃燒塔每日累計排放量訂均一標準，似乎不合理。依美國加州SCAQMD與BAAQMD定義“Reportable Flare Events”為單一座廢氣燃燒塔每座排放量大於330 scfm (standard cubic feet per minute), or about 136,000 m3 per day, for each flare if it last longer than 15 minutes，美國加州環保規定似乎較合理。
在廢氣燃燒塔設置監測設施規定方面，台灣規定廢氣燃燒塔應設置下列監測設施： 
母火溫度量測器及監視器、於進廢氣管線設置流量計及具顯示總淨熱值之進廢氣成分及濃度監測設施，石油煉製業應加設總硫濃度監測設施並應連線至地方主管機關。因製程排放至廢氣燃燒塔系統主要考量安全因素，因此流量與成份不可能持續與穩定，若規定依CEMS規模進行連續成份分析與連線連續監測管控勢必會發生很大的困擾與爭議。依美國加州SCAQMD與BAAQMD規定應設置母火溫度量測器(pilot flames thermocouples )及監視器( UV detectors or CCTV)、進廢氣管線流量計、總淨熱值分析及進廢氣總硫濃度濃度等連續監測設施，未強制規定須設有分析成分之連續監測設施並比照CEMS方式與主管機關連線。
台灣煉油石化業目前面臨的環保意識高張，尤其大高雄地區與雲林地區及桃園地區類似美國加州地區狀況，未來若要繼續運作與發展，需考量在VOCs污染防制方面加強改善。
考量VOCs逸散洩漏主要來源為設備元件，許多閥類若不選用較佳材質與品質之glandpacking軸莖迫緊已難達到管制標準，因此該廠於2000年起即陸續進行一系列防止各項閥類逸散洩漏的措施。
3.2 建議
近年來VOCs逸散造成環境空氣污染、煉油廠石化廠員工與附近居民身體健康風險衝擊影響，已使VOCs變成眾所注目的焦點，VOCs管制法規也趨趨嚴苛，因此許多VOCs設備元件類型如閥、法蘭、泵浦、壓縮機、儲槽等，須從新思考如何加強改善。

在管理面方面改善，建議可能須參考美國加州與德州煉油廠石化廠作法，LDAR洩漏檢測與修護管理方式，每天承攬商以紅外線洩漏顯像儀FLIR及TVA-1000B或其他VOCs檢測儀器巡視監測工場區，當發現設備元件洩漏異常，立即通知廠方處理改善，否則未事先查核到而被主管機關稽查抽測超過管制標準開罰單，承攬商須負責繳交。
另一種為加強自主管理，購買簡易型手提式VOCs檢測儀，提供相關部門於設備維修或操作變動造成設備元件開關排放與拆開鎖回後立即檢測初篩確認，以免等每季定期檢測或主管機關來稽查抽測時才發現。

在設備元件本質上的改善方面，建議選擇某些操作特殊性如無法停下拆修或壓力流量變動大之閥類採用無洩漏型閥(Leakless type Valve)如申縮囊密封式閥Bellows Sealed Valve等。
其次因一般閥類傳統之glandpacking迫緊材質已無法達到VOCs管制標準，建議閥類的閥桿作動密封材料可選用目前世界上較佳品牌的各式高品質Low Emission Valve Glandpacking，如此可避免因操作中閥桿Glandpacking洩漏無法加鎖鎖緊，須進一步克漏處理甚至於無法克漏處理。
另外控制閥係所有閥類作動軸莖最難密封，因為除了要防止洩漏外，在作動時，閥桿與迫緊間產生之磨擦力要越低越好，如此才能達到精密之控制與平順之操作。
美國A.W Chesterton公司針對氣動控制閥(AOV)、電動控制閥(MOV)、關斷閥(Block Valve)提供符合USEPA 21 規定VOCs 保證500ppm以下，且通過API 589、API 607防火測試及5年 (含Live Loading預力盤型彈簧)不洩漏保固保證，無須人工常調整與熱鎖，省去不定時維護成本與克漏處理成本，並已在全世界各大石化廠電廠,紙廠均有良好之成功實蹟。建議可針對作動較頻繁、振動較大等比較容易發生洩漏之控制閥，篩選出優先作測試改善。
    煉油廠石化廠居於安全考量，設備管線定期油漆維護保養，結果造成環保機關要求繳交VOCs空污費及又涉及是否納入VOCs排放許可量爭議，甚至VOCs法規也正研議修改中。依美國加州管制規定係源頭管制油漆製造生產及產品應用與經常持續使用之行業，至於煉油廠若使用油漆維護至多徵收空污費與逸散排放許可量管制無關。

不過此次參訪加州與德州煉油廠發現其工場區塔槽設備架台與管架之鋼構、爬梯均採用鍍鋅鋼，儀電纜線槽亦採用鍍鋅鋼材質，Flare地區管架、Flare Gas K.O.Drum架台與爬梯之鋼構亦均採用鍍鋅鋼，如此可省掉不少油漆維護工作，建議可參考納入工程規範，未來可省去油漆維護工作與繳交VOCs空污費及VOCs排放許可量爭議。
附錄一 : 參訪SCAQMD、BAAQMD、BP & ExxonMobil煉油廠
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附錄二 : 參訪RAE Systems、ExxonMobil Beaumont廠、GTC Technical ,LLC公司
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