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摘要

油氣井鑽井或穿試油氣時若能採用負差壓技術，以低於地層平衡壓力狀態進行作業，於某些特定情況下將可減少嚴重漏泥造成之地層污損或黏卡，增加鑽井成功之機會，同時或可減低地層污損現象，提昇油氣產率。目前國內油氣探勘漸有朝深部地層鑽探趨勢，鑽遇裂隙地層或局部異常低壓及高壓地層機會相對增加。鑽井工程及穿孔試油氣時若能運用負差壓技術之觀念或方法以避免或減低因泥漿或井孔內流體滲漏浸污入低壓或裂隙生產層造成之差壓黏卡或伴隨產生之地層污損，將可減少卡鑽風險，縮短鑽進時程，同時提昇穿試油氣過程中及完井後之油氣產率。

本次出國計畫在研討與運用方面，藉由參加美國石油工程師學會(SPE,Society of Petroleum Engineers) /IDAC,International Association of Drilling Contractors)主辦之負差壓技術研討會議與展覽(Underbalanced Technology Conference and Exhibition)，並參訪國際知名設備研發、製造廠商及技術服務公司Schlumberger公司，蒐集得技術文獻、工程實例、相關設備及最新資訊，將可做為引進應用新技術及設備時之參考依據。

目次

1、 目的
2、 過程
3、 心得及建議
1、 目的：

〈1〉 主題：

一般鑽井與穿孔試油氣作業為安全考量，均利用正差壓平衡(Overbalance)，即井內泥漿液柱壓力高於地層壓力以控制井況並防止地層流體瞬間大量進入井眼內或套管內，造成崩井、差壓黏卡或油氣衝噴失控。唯於提高井內泥漿液柱壓力的同時，相對亦可能因鑽井泥漿大量滲漏入地層或穿孔後瞬間於孔道周圍形成之緻密帶中的微粒(含炸藥襯裡中金屬成份與岩石混合之碎屑)無法有效逆流排出，造成以下之地層汙損現象：

1. 泥漿中固粒堵塞孔隙間通道或穿孔孔道周圍，形成了低滲透率緻密帶。

2. 泥漿和地層流體間因不相容特性產生乳化現象，形成油氣流動障礙。
3. 泥漿中某些添加劑和地層中所含黏土礦物產生化學反應，阻塞或降低了原有的孔隙空間與滲透率。
此種因正差壓過高產生之地層汙損常發生於低壓層或裂隙地層，於某些情況之下，可能降低了油氣產率或延長泥漿及雜屑排出地層所需的時間。目前本事業部鑽探目標偶有及於裂隙地層或低壓與泥漿敏感性地層，若能在安全範圍內運用並引進負差壓技術進行相關作業，對提昇鑽探成功率及油氣產率應有所助益。

本出國計畫目的在蒐集有關負差壓技術之文獻與現場應用報導資訊，期能於鑽探作業上引用該項觀念、技術及工程方法或藉助專業技術服務公司人員設備以提高鑽探效率及油氣產率，同時藉由參訪世界著名電測服務公司儀器設備與研究中心以瞭解最新穿測技術及設備，配合掌管業務之需求，期能於地層評估與油氣增產效益上獲致良好成果。
〈2〉 緣起：

本項出國計畫原為九十三年度探採事業部編列出國計畫內第 40 項，任務內容為「參加美國電測工程師年會」，唯因上半年業務繁忙，未克依原計畫參加五月份舉辦之美國電測工程師年會。經簽請改參加與原任務內容相近，且與業務相關密切，由美國石油工程師學會(SPE,Society of Petroleum Engineers /IDAC,International Association of Drilling Contractors)於九十三十月十一、十二日舉辦之設備展示與技術研討會(Underbalanced Technology Conference and Exhibition)。任務內容為「參加負差壓技術研討會議與展覽」，經陳報總公司核准後執行。

2、 過程：
本次技術研討會議與廠商展覽於十一、十二日在美國德州休士頓，The Woodlands Waterway Marriott and Convention Center舉行，名稱為：SPE/IADC Underbalanced Technology Conference and Exhibition。年會開幕式由SPE主持，開幕式後於不同會議廳配合各主題論壇分別設有主席主持會議，並安排各家油公司及服務公司報告有關負差壓技術在鑽井及完井工程上的應用。透過此種會議模式，參與者可選擇參加與本身業務領域有關或另有興趣涉獵之主題論壇，學習與蒐集知識技術。以下為十一、十二日兩天議程及論文：

	Monday, 11 October • 8:30 to 10 a.m. RESERVOIR CASE STUDIES Dale Wong, Navidad Resources 

	91593 90185 91607 
	Underbalanced Drilling in Canada: Tracking the Long-Term Performance of Underbalanced Drilling Projects in Canada • D.W. Kimery, M. McCaffrey, Weatherford Canada Underbalanced Drilling of Fractured Carbonates in Northern ThailandOvercomes Conventional Drilling Problems and Leads to a MajorGas Discovery • R.H. Pinkstone, Halliburton Energy Services; A. Timms, Amerada Hess Ltd.; H. de Vries, Amerada Hess Corp.; W.S. McMillan, R.A. Doll, Halliburton Energy Services Damage Interpretation of Properly and Improperly DrilledUnderbalanced Horizontals in the Fractured Jean Marie Reservoir 

	
	Using Novel Modeling and Methodology • D.W. Kimery, Weatherford Canada; H. Ferreira, Weatherford Intl. Ltd.; B. Bennion, Hycal Energy Research Laboratories Ltd. 


Monday, 11 October • 10:30 a.m. to Noon RESERVOIR I Session Chairpersons: Isabel C. Gil, Halliburton Energy Services 

Bruce A. Selby, Shell Intl. E&P Co. 

91665
Impact of Thief Zone Identification and Shutoff on Water Production in the Nimr Field • P.V. Suryanarayana, Blade Energy Partners; 

R.S. Medeiros, Petroleum Development Oman; D. Biswas, DeGolyer and MacNaughton

91489
UBD Well Productivity: A “Stop and Go” Prediction Tool 

• L.K. Dipeolu, Shell E&P Technology Co. 

91558
Numerical Simulation of the Gas Inflow During Underbalanced

Drilling (UBD) and Investigation of the Impact of UBD on Longtime

Well Productivity • T. Friedel, Technical U. Freiberg; H. Voigt, 

Freiberg U. of Mining and Technology 

Monday, 11 October • 10:30 a.m. to Noon MANAGED PRESSURE DRILLING (MPD)Session Chairpersons: Oliver D. Coker, ConocoPhillips

Johan Eck-Olsen, Statoil 

91560
Managed Pressure Drilling (MPD)—Uniquely Applicable to MethaneHydrate Drilling • D.M. Hannegan, R.J. Todd, Weatherford Intl. Ltd.; 

D.M. Pritchard, Successful Energy Practices Intl.; B. Jonasson, Integrated Ocean Drilling Program 

91566
Mud Cap Drilling When? Techniques for Determining When toSwitch From Conventional to Underbalanced Drilling • G.H. Medley, 

R. Stone, Signa Engineering Corp.

91633
Well Control Problems in Deeper Waters • B. Fossli, Ocean Riser Systems A/S 

Monday, 11 October • 1:30 to 3 p.m.
PANEL: UBO AND THE RESERVOIR—UNIFYING
PETROLEUM DISCIPLINES


Moderator: Jonny L. Gent, BP plc

Panelists: 
Celso C. Branco, Petrobras S.A. Paul A. Comrie, Amerada Hess Corp.Richard S. Medeiros, Petroleum Development Oman 

Monday, 11 October • 3 to 3:30 p.m. COFFEE BREAK 

Monday, 11 October • 3:30 to 5:30 p.m. RESERVOIR II 

Session Chairperson: Sara Shayegi, Halliburton Energy Services 

91544
Enhancement Well Productivity—Investigating the Feasibility of UBDfor Minimizing Formation Damage in Naturally Fractured CarbonateReservoirs • S. Salimi, M. Golan, Norwegian U. of Science & Technology; 

K.I. Andersen, Statoil B&B BOR

91586
Reduction of Wellbore Effects on Gas Inflow Evaluation Under Underbalanced Conditions • O.J. Aremu, S.O. Osisanya, U. of Oklahoma

85319
Underbalanced Drilling for Production Enhancement in the Rasau OilField, Brunei • W.S. McMillan, Halliburton Energy Services; M.W. Sarssam, Petroleum Development Oman; R.L. Peterson, M.J. Ward, Brunei Shell Petroleum Co. Sdn. Bhd.; D. Elliot, Shell 

91579
Underbalanced Drilling as a Tool for Optimized Drilling andCompletion Contingency in Fractured Carbonate Reservoirs 

· • J. Abdollahi, I.M. Carlsen, S. Mjaaland, Sintef Petroleum Research; 

· P. Skalle, Norwegian U. of Science & Technology 

Monday, 11 October • 3:30 to 5:30 p.m. MANAGEMENT 

Session Chairpersons: 
Fred Curtis, Halliburton Energy Services Keith Kaase, Varco Intl. Inc. 

91239
Challenges in Implementing UBO Technology • J. Eck-Olsen, 

A.E. Vollen, Statoil; T. Tonnessen, Halliburton Co. 

91559
Changing the Value Equation for Underbalanced Drilling • B.A. Selby, Shell Intl. E&P Co.; I.A. Davidson, Shell Markets (Middle East) Ltd.; R.S. Medeiros, Petroleum Development Oman; D. Reitsma, Shell Intl. Ltd.

91597
UBD Business Case for Small U.S. Independents: Value Analysis Tools • R.M. Pilko, P.V. Suryanarayana, P.J. Frink, Blade Energy Partners 

91570
The Relationship Between Petroleum Economics and Risk Analysis:A New Integrated Approach for Project Management • D.W. Lewis, Halliburton Energy Services; V. Guerrero, Warrior Technologies Inc.; S. Saeed, Halliburton Energy Services; M.F. Marcon, InControl Technologies
Tuesday, 12 October • 8 to 10 a.m.
DRILLING CASE STUDIES


Session Chairperson: Philip J. Frink, Blade Energy Partners
Robert G. Davis, Signa Engineering Corp.


91581
HSE Training, Implementation, and Production Results for a Long-Term Underbalanced Coiled-Tubing Multilateral Drilling Project • J.P. Knight, R.J. Pickles, Blade Energy Partners; B.E. Smith, 

C. Leslie, BP plc

91591
Utilization of Underbalanced Drilling Techniques to Exploit a Low-Pressure Reservoir in Indonesia • P.R. Brand, P. Savage, 

R.J. Pickles, Blade Energy Partners

91519
Drilling Underbalanced in Hassi Messaoud • D.D. Moore, Signa Engineering Corp.; J.R. Chopty, Weatherford 

91556
A Safe Approach to Underbalanced Drilling in an H2S Producing Field Leads to Operational Success and Productivity Improvement 

• A. Coy, Weatherford Intl. Ltd.; D.R. Hall, M.R. Vezza, Marathon Oil Co.; 

R.M. Gorniak, Weatherford Intl. Ltd. 

Tuesday, 12 October • 10:30 a.m. to Noon
MODELING


91220
Methodology for Manipulation of Wellhead Pressure Control for the Purpose of Recovering Gas To Process in Underbalanced Drilling Applications • R.A. Graham, Northland Energy Services; 

M.S. Culen, Precision Drilling Corp.

91578
Bottomhole Pressure Control During Pipe Connection in Gas-Dominant Wells • E.H. Vefring, Rogaland Research Centre; 

�. G.H. Nygaard, S. Mylvaganam, Telemark U. College; R.J. Lorentzen, 

�. G. Naevdal, K.K. Fjelde, RF-Rogaland Research

91567
Advanced Wellbore Hydraulic Methodologies for Underbalanced Applications • S. Shayegi, I.C. Gil, S. Saeed, Halliburton Energy Services 

Tuesday, 12 October • 1:30 to 3 p.m.
PANEL: MODELING—WHAT’S THE POINT?


Moderator: John E. Boyle, Weatherford Intl. 

Panelists: 
Patrick R. Brand, Blade Energy Partners
Michael Golan, U. of Trondheim
Antonio C. Lage, Petrobras S.A.
Sara Shayegi, Halliburton Energy Services
Jerome J. Schubert, Texas A&M U.


Tuesday, 12 October • 3:30 to 5:30 p.m. HSE & WELL DESIGN 

Session Chairpersons: Johan Eck-Olsen, Statoil 

	Tim Tonnessen, Halliburton Co. 

	91242 
	Risk-Based Decision Support for Planning of an Underbalanced 

	
	Drilling Operation • T. Nilsen, Statoil ASA; O. Arild, RF-Rogaland Research 

	91595 
	Technical Feasibility and Applicability of a Concentric Jet Pump in 

	
	Underbalanced Drilling • P.V. Suryanarayana, A.K. Hasan, Blade Energy 

	
	Partners; W.J. Hughes, SunStone Energy 

	91243 
	Use of Dynamic Modeling in Preparations for the Gullfaks C-5A 

	
	Well • R. Rommetveit, Sintef Petroleum Research; K.K. Fjelde, 

	
	RF-Rogaland Research; J. Eck-Olsen, Statoil 

	91569 
	Well Completions Techniques and Methodologies for Maintaining 

	
	Underbalanced Conditions Throughout Initial and Subsequent Well 

	
	Interventions • T.W. Cavender, H.L. Restarick, Halliburton Energy Services 


91501
Downhole Deployment Valve Technology Reduces Costs and Increases the Number of Candidates for Southern North Sea Underbalanced Operations • I.C. Sutherland, Weatherford Drilling & Well Services; A. Geere, Shell; B. Grayson, Weatherford Intl. Ltd. 

91572
Lessons Learned From Field Use of a Unique Four-Phase Underbalanced Drilling Separation Process System: Case Histories • C.W. Godfrey, J.M. Karigan, W.S. McMillan, Halliburton Energy Services 

89324
Prediction of Critical Foam Velocity for Effective Cuttings Transport in Horizontal Wells • Y. Li, E. Kuru, U. of Alberta 

91610
Hydraulic Optimization of Foam Drilling for Maximum Drilling Rate • E. Kuru, O.O. Macdonald, Y. Li, U. of Alberta 

91598
Practical Use of a Multiphase Flow Simulator for Underbalanced Drilling Applications Design—The Tricks of the Trade • C. Mykytiw, 

P.R. Brand, P.V. Suryanarayana, Blade Energy Partners 

91356
Pressure Stability Analysis for Aerated Mud Drilling Using an Analytical Hydraulics Model • B. Guo, A. Ghalambor, U. of Louisiana at Lafayette 

91564
Techniques for Optimizing Underbalanced Drilling Hydraulics • 

G.H. Medley, S. Tian, D.D. Moore, Signa Engineering Corp. 

91571
A Comparison of Current Hazard-and-Risk-Analysis Methods Implemented for UBA Operations • C.J. Bernard, J.R. Disatell, Halliburton Energy Services 

91583
Using Rotating Control Devices Safely in Today’s Managed Pressure and Underbalanced Drilling Operations • J.R. May, Smith Intl. Inc.; J. Shelton, Smith Services; J.A. Cantu, Anadarko Petroleum Corp. 

實際規劃之出國行程，除兩天參加負差壓技術設備展示與技術研討與論文發表會外，另安排參訪行程，於十月八日至知名設備研發製造廠商及技術服務公司Schlumberger公司位於德州Sugarland之設備製造與研發中心IPC(Integrated Productivity & Conveyance Technology Center) 參觀。當日該中心經理Mr.Juurong Hsieh先生先行簡報該公司技術與儀器設備研發作業流程；從構思創意、提案呈報至核准後進行理論研討、先導模型測試、現場實務操作成果檢測，至最後擇定是否量產或進入商業化推廣階段之一系列過程均有完善的架構體制。此外，Mr.Juurong Hsieh亦利用圖表介紹Schlumberger公司全球化經營架構下之各大區域組織架構與主要營運任務。之後引領參觀並介紹該中心各部門，其中包含各類電測儀器與電纜操作動態地層測驗儀(MDT)之研發設計、試驗部門與電纜設備製作部門。此對於日後引進該公司新技術服務或設備頗有助益。

3、 心得及建議：

〈1〉 心得：

於裂隙地層或低壓與泥漿敏感性地層進行鑽井及穿試作業時，在安全與成本許可範圍內，若能應用負差壓技術，克服工程上遭遇的困難，將有助於油氣探採成功之機會，對本事業部具有提高油氣產量之預估效益。藉由參加國際性學術研討會與展覽會或參訪專業技術服務公司與設備製造廠商，一方面可瞭解業界最新動態與工程技術發展近況，另一方面亦可蒐集技術新知與相關文獻，做為本事業部未來提昇及引進新技術與設備或選擇專業技術服務公司時之參考依據。

應用負差壓技術鑽井需要在井口操控壓力設備如Rotating Control Head(RCH),  Underbalanced Drilling (UBD) Chokes, Blowout Preventer (BOP),Manual Emergency Shutdown(ESD)等做非常完整細緻的器材配置與規劃，事先繪製準備如Process Flow Diagram(PFD),Valve Numbering Drawing(VND)等設備配置流程圖以及壓力監控、作業程序。鑽井流體、井底液柱壓、液態氮氣混注量、鑽進中井口壓力控制調節、井底油氣侵入流量與地面油氣水、鑽屑分離排放等均為負差壓鑽井能否安全成功之關鍵因素。

於負差壓狀態下進行穿孔，因面對高壓生產層油氣，更需考量安全因素。可利用油管攜帶式穿孔(Tubing Conveyed Perforation， TCP)方式，於組下油管串或鑽桿的同時，將穿孔器組接並下至欲穿孔之目標深度，利用循環閥調降管內液柱壓，再針對不同條件選用適當的引炸系統將炸藥擊發，完成穿孔作業。TCP主要優點是能採用低於平衡壓力(Underbalance)的操作技術，使用較大直徑穿孔器，一次穿試長的層段或相距較遠的不同層段，同時較有效的排除穿孔孔道內雜屑，在一定的條件下提高了穿孔效率。此外，TCP亦可將穿孔器組接於地層測驗管串中，在穿孔的同時即可測量壓力和流量，完成油氣層測試工作。唯TCP作業費用與時間，相較於以電纜攜帶方式穿孔高出甚多，若須針對各個層次分別單獨穿試或分層採收
，其所累積之作業時間與費用甚多。以目前新型電纜攜帶穿孔器設計及所攜炸藥之威力與穿透深度足以穿越可能存在之地層污損帶而言，電纜攜帶穿孔器方式仍為較理想作業方式。TCP是否符合經濟效益與必要性仍應就安全因素及個別井況、地層條件、浸污情況及試氣完井設計作進一步
深入評估後妥善規化執行。

〈2〉 建議：

目前各油公司對於負差壓狀態下進行鑽井與TCP作業，仍需藉助如Halliberton，Schlumberger ，Baker Atlas，Weatherford Intl Ltd，Sigma Engineering Corp，Shell E&P Technology Co ，Precision Drilling Corp等專業技術服務公司。未來事業部若有需要應用負差壓方式進行鑽井或TCP作業，考量設備、技術層面與安全、成敗因素，建議仍以藉助於專業技術服務公司為宜。
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