


摘    要

本計畫係配合九十一年度研究計畫「裂縫油氣層評估技術研究」執行。本公司在開拓國內、外礦區時曾遭遇一些裂縫油氣層（如BGOI、F構造等），隨著國外業務的拓展，未來接觸裂縫油氣層的機會勢將愈來愈多。裂縫油氣層與一般傳統油氣層有截然不同的生產流動特性，本公司過去對於此種油氣層的評估與開發並未累積太多的經驗。希望藉由參加裂縫油氣層評估技術研討會的機會，蒐集資料並累積經驗與技術。

本出國計畫係參加美國石油工程師學會2002技術年會及展覽，會中有多場裂縫油氣層評估技術之相關分組討論，包括裂縫系統、裂縫診斷方法、裂縫模式之建立、裂縫個案研究及裂縫油氣層特性研究等議題。配合此次會議同時尚有石油開採相關設備展示，可從中獲取最新先進軟硬體資訊。

本報告描述會議過程及多篇論文摘要，並針對所參加之裂縫油氣層相關分組討論提出心得。
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1、 出國目的

本公司在開拓國內、外礦區時曾遭遇一些裂縫油氣層（如BGOI、F構造等），隨著國外業務的拓展，未來接觸裂縫油氣層的機會勢將愈來愈多。裂縫油氣層與一般傳統油氣層有截然不同的生產流動現象，本公司過去對於此種油氣層的評估與開發並未累積太多的經驗，希望藉由參加裂縫油氣層評估技術研討會的機會，蒐集資料並累積經驗與技術。
2、 行程

本計畫參加美國石油工程師學會2002技術年會及展覽（SPE 2002 Annual Technical Conference and Exhibition），此會議中討論各種石油工程之實務議題，其中裂縫油氣層之評估與開發為本計畫之重點。會中有多場裂縫油氣層評估技術相關分組討論，包括裂縫系統、裂縫診斷方法、裂縫模式之建立、裂縫個案研究及裂縫油氣層特性研究等議題。配合此次會議同時有SPE之設備與軟硬體展覽，可獲取最新先進軟硬體資訊。
今年度美國石油工程師學會技術年會及展覽，於91年9月29－10月2日假美國德州聖安東尼市會議中心（Henry B. Gonzalez Convention Center）舉行，議程包含年會、委員會會議、技術論文發表、展覽及訓練課程等。

3、 技術論文發表

本次會議的重頭戲技術論文發表計有近380篇的論文發表，共分76個場次，最多同時有14個會場在進行論文宣讀。內容涵括管理、開發地質與地球物理、鑽井、經濟與評估、新穎與周邊技術（Emerging & Peripheral Technology）、設施與建造、流體力學、天然氣技術、油層監測與測試、生產操作、油層工程、完井、電測等石油工程領域（圖一）。其中與本計劃較為相關的為：

· 9/30上午Fundamentals of Fractured Systems

· 9/30下午Fracture Diagnostic Methods

· 10/1上午Well Testing for Formation Characterization

· 10/1下午Hydraulic Fracturing Modeling and Methodology

· 10/2上午Fracturing Case Study

· 10/2下午Characterizing Fractured Reservoirs

以下擷取部分論文精華。

1、 使用靜態與動態資料建構裂縫網路模式Construction of Fracture Network Model Using Static and Dynamic Data（SPE 77741）

本文為日本JAPEX公司所發表，以井孔影像的靜態資料配合微分壓力曲線的動態資料，建構一分散式的裂縫網路模式（DFN）。在DFN中由兩種流動機制所組成，一是寬孔徑之裂縫，為主要流動通道；另一為窄孔徑之裂縫，主要功能為儲存流體。每一種流動都以碎形理論及地質統計方法來定義裂縫的尺寸與空間分布，

2、 沙烏地阿拉伯Ghawar油田裂縫受孔隙壓力控制而再度活動Pore Pressure Control of Fracture Reactivation in the Ghawar Field, Saudi Arabia（SPE 77642）

Ghawar油田為世界上目前所發現之最大油田，位於沙烏地阿拉伯東部省份。1983-1990期間此油田之南側因國際需求減少而暫時封存，在這段期間內仍照常監測油層壓力與溫度。由這些數據中發現有壓力下降區間的現象，由於當時並沒有生產，此一現象應當與人為無關，因此利用模擬程式與裂縫特性研究來尋找其成因。

研究結果顯示此一現象之成因可能如下：在初期生產涸竭之後，自然裂縫因壓力下降而關閉，而裂縫面之有效應力上升，隨後孔隙壓力由於停產也上升，孔隙壓力係因為流體膨脹而增加，因而降低了有效應力，當有效應力降到臨界值時，斷層即再度活動並且造成自然裂縫延伸。此一說法由壓力下降區間與裂縫發達方向之對比可獲得證實（圖二－圖五）。

3、 整合壓力與震測數據以決定單或雙孔隙油氣層特性Integrating Pressure-Transient and Seismic Data to Determine the Characteristics of Single- and Double-Porosity Reservoirs （SPE 77451）

本文整合壓力試驗與多分量震測（Multi-Component Seismic）資料以決定單孔隙或雙孔隙油氣層特性，作者認為由壓力試驗所求得之儲存容量比（Storage Capacity Ratio，）與由震測資料所估算之正常裂縫空間（Normal Fracture Compliance，ZNf）間存在著一定的關係，經由不同方法來計算這些參數可降低各單一方法之非唯一性的問題。圖六為本文範例中與ZNf之關係。

4、 密集監測油氣層以分析低滲透率凝結油相態Characterisation of Low Permeability Gas Condensate Behaviour by Intensive Reservoir Monitoring（SPE 77618）

位於北海北部的Alwyn North Complex生產Triassic Upper Lunde油氣層，其厚度達700 m但其滲透率極低，在油氣層上部450 m為凝結油。至2001年底已進行16次PLT，搭配MDT（Modular Dynamic Tester）及安裝於佐證井中之井下永久壓力與溫度計所得到的數據，以兩種方法計算六口井之連通體積（圖七）。

井下數據可監測生產指數之變化，此外尚可由壓力上升試驗瞭解有效滲透率及膚表因子隨時間之變動情況，同時獲知定量因凝結油形成所造成之影響，以及岩石物理性質間之關係。

5、 裂縫碳酸岩油氣層流動網路之組織架構：關鍵參數之確認與特性分析Hierarchical Organization of Flow Network in Fractured Carbonate Reservoirs: Identification and Characterization of Key Parameters（SPE 77488）

這篇由Total Fina Elf公司所提出的論文，藉現場數據、露頭觀察與地下水流動研究等方法尋找裂縫網路（Fracture Network）與流動通路（Flow Network）間之關係，顯示瞭解裂縫網路架構為油氣層特性分析的重要關鍵（圖八）。

Lacq氣田，為一巨型裂縫碳酸岩油氣層，其生產層並非位於裂縫密度最高的區域，由隧道及地下採石場觀察現地裂縫網路及地下水流動也發現同樣的結果，因此可知裂縫密度並非流動的驅動參數。在計算裂縫模式的相當滲透率時發現裂縫孔徑（Aperature）分布（也就是水力性質分布）在不確定性評估上比裂縫分布的影響更為重要。

6、 裂縫中流動在基岩與裂縫轉換中所扮演之角色Role of Fracture Flow in Matrix-Fracture Transfer（SPE 77336）

超過三分之一的油氣田具有裂縫，最常用的裂縫模式為雙孔隙率或雙滲透率模式，在這種模式中假設流體經由裂縫流動，基岩（Matrix）負責儲存流體，基岩與裂縫間的交換以轉換函數（Transfer Function）描述。自生逆向自吸（Spontaneous Countercurrent Imbibition）是水濕性岩石基岩與裂縫間交換的主要機制，因此瞭解其物理現象可改善此種模式。

過去固然有許多逆向自吸的相關研究，但於裂縫流體流速對採收率之關係上則較少討論。本文作者提出一微滴解離模式（Droplet Detachment Model）以計算位於基岩-裂縫介面上之有效含水飽和度，此一飽和度是流體類型、流體於裂縫中之速度與裂縫幾何形狀的函數。

研究結果顯示，裂縫流體流速為影響基岩-裂縫介面上有效含水飽和度之重要參數，當裂縫流體流速大於臨界流速時，介面上之有效含水飽和度會增加，因而增加基岩之採收率。

7、 日本第一個裂縫處理成功案例：深層天然裂縫火山岩之激勵增產挑戰The First Successful Propped Fracture Treatment Campaign Conducted in Japan: Stimulation Challenges in a Deep, Naturally Fractured Volcanic Rock（SPE 77678）
位於日本新瀉縣的Minami-Nagaoka氣田，在10年前施行裂縫處理時相當困難，只有約20%的支撐劑能送達預定位置，在尚未泵送支撐劑前，淨壓力（Net Pressure）即已達到4,000 psi，這是在其他油氣田少見的現象，代表其裂縫生長極為複雜。事後評估發現問題可能出在同時產生許多極窄的多重裂縫，這種裂縫既無導通能力也不具經濟價值。

本文介紹許多非傳統的改變來降低這些負面效應，這些改變包括：改變完井以獲致最高注入率、主動的支撐劑策略、即時裂縫處理分析、凝膠試驗、細心穿孔、極度過平衡穿孔以及使用小顆粒的支撐劑等。

8、 連接天然裂縫生產井凝膠處理之實驗室與現場結果Connecting Laboratory and Field Results for Gel Treatments in Naturally Fractured Production Wells（SPE77411）
本文介紹利用HPAM聚合物與有機Crosslinker，在實驗室岩心沖排所得到之油及水之RRF分別為20與200，將此凝膠實際應用於委內瑞拉之Motatan油田。其P-47號井在注入1,000桶凝膠之後，水切由97%降到64%，油產率增加36%。成功的因素主要來自地層滲透率、孔隙率、流體飽和度、流體性質、流體產率及施放凝膠前、中、後之壓力降，尤其以後者最為重要。

9、 直接分析油基泥漿及鑽屑中碳氫化合物的新工具Pollut-Eval: An Innovative Tool for Direct Hydrocarbon Characterization in Oil Base Mud & Cuttings（SPE 77472）
由於環境保護的要求日益嚴格，油基泥漿及其鑽屑不再可以任意棄置，油公司必須開發具經濟性的處理方式。IFP將其原先使用於探勘的Rock-Eval改裝成適合環保用途的Pollut-Eval。

本文即分別從純碳氫化合物分析、鑽井泥漿TOC評估及棄置鑽屑的殘餘含油量等分析結果，展示Pollut-Eval的功能。最後並與氣相層析儀的分析結果比較（表一），結果並不遜色。IFP認為Pollut-Eval不需要前處理，且對於低含油量較為準確，於安裝泥漿線上監測也非常簡單。

10、 由鑽屑中快速且直接量測滲透率的方法A Fast and Direct Method of Permeability Measurements on Drill Cuttings（SPE77563）
本篇也是由IFP所提出之論文。將約100 cc的鑽屑置於壓力容器（圖九）中，以黏度較高的油填滿，油在進入鑽屑前會有一定量的殘存氣，在對容器施壓時，油會因氣體壓縮而進入鑽屑中，然後採用一簡單的數學模式由油進入鑽屑的動態中推算滲透率。此方法已經利用已知滲透率的岩樣磨碎後量測得到證實（圖十），整個量測過程只需要數分鐘，適用於鑽井現場。

11、 鑽井廢棄物之管理：過去、現在與未來Drilling Waste Management: Past, Present, and Future（SPE77388）
根據美國石油學會（API）估計1995年美國陸上鑽井所產生的廢棄物有一億五千萬桶之多，陸上或海域鑽井廢棄物之處理方法因地區而異，海域大多以排放、注入地層或運送回岸處理；路上則採舖地、現場掩埋、地下注入、焚化或其他熱處理方法、生物處理及回收再利用等方法為原則。

由於法令日趨嚴格，未來必須採行對環境衝擊較低的鑽井方式，本文認為選擇處理方法必須考量法規、廢棄物處理成本及操作者的責任等三方面。

12、 以天然氣水合物做為資源與輸送機制Gas Hydrate as a Resource and a Mechanism for Transmission（SPE 77334）
本文由世界能源未來供需平衡，認為天然氣水合物為21世紀之重要能源，能在2050年提供大量的能源，為開發天然氣水合物，未來20年將著重在確認資源的存在及安全的生產技術上。此外，許多天然氣資源可能以水合物的型態運送到市場，根據前蘇聯在1970年代的研究，以水合物型態作長程運輸並不可行，但以水合物漿（Hydrate Slurry）方式在管線中作短距離輸送則屬可行，未來重點在於如何製成水合物漿而非固體水合物。
13、 以油層特性描述改善整治系統的設計與操作之個案研究Case Studies Using Reservoir Characterization To Improve Remediation System Design and Operation（SPE 77554）

本文將原先運用於石油探採的油層描述方法有效應用於描述地表的地下水系統，以研判淺層污染含水層系統之水力流動單元及連通性，便於有效地發展整治設計與操作計畫。本文討論兩處案例，探討包括岩心描述、沉積環境對比等技術之應用情形。

14、 垂直井氣錐或水錐時毛細流體介面之預測Prediction of Capillary Fluid Interfaces During Gas or Water Coning in Vertical Wells（SPE 77772）
水錐或氣錐會使生產量降低而成本大幅提高，過去以模擬與實驗配合簡單的解析解或相關式來降低水錐或氣錐並提高產率，但目前的解析解並未考慮毛細壓力，因此導致分散流動（Segregated Flow），本文提出新的解析解以補救此一缺失。

新的解析解假設垂直井內流體達到垂直平衡，探討控制水錐之重要無因次參數，並建立無因次之兩相生產視窗（圖十一），用以預測臨界產率及不會發生水錐或氣錐之最大產率。

15、 其他論文

限於篇幅無法一一介紹，其他值得一讀的論文尚有：

SPE 77347
Enhanced Gas Recovery by Carbon Dioxide Sequestration in Depleted Gas Reservoirs（注入二氧化碳增加天然氣採收）

SPE 77348
CO2 Enhanced Gas Recovery Studied for an Example Gas Reservoir（二氧化碳增加天然氣採收）
SPE 77371
Natural Gas: The Excruciating Transition（天然氣：苦惱的過渡時期）

SPE 77382
An Efficient Tuning Strategy To Calibrate Cubic EOS for Compositional Simulation（有效的狀態方程式調諧策略）
SPE 77386
Analysis of Black Oil PVT Reports Revisited（黑油PVT分析報告）
SPE 77499
A Neural Network Model for Prediction of Liquid Holdup in Two-Phase Horizontal Flow（預測兩相水平流動之液體聚積）

SPE 77540
Relative Permeability From Capillary Pressure（由毛細壓力推估相對滲透率）

SPE 77545
A Unified Theory on Residual Oil Saturation and Irreducible Water Saturation（殘餘油飽和度與原生水飽和度）

SPE 77549
Forecasting Liquid Condensate and Water Production From Gas-Condensate Wells（產水量預測）

SPE 77550
Direct Estimation of Gas Reserves Using Production Data（油生產數據估算天然氣蘊藏量）
SPE 77553
Drill Cuttings Injection: A Review of Major Operations and Technical Issues（鑽屑注入）

SPE 77557
Extending Foam Technology From Improved Oil Recovery to Environmental Remediation（運用泡沫技術於環境整治）
SPE 77561
High Resolution Downhole Measurements of Porosity and Fluid Saturation While Coring
SPE 77649
Wellbore Heating To Prevent Liquid Loading
SPE 77668
A Case Study: Field Development Plan for a Highly Overpressured Gas Reservoir in China by a Multidiscipline Consulting Team
SPE 77671
A Case Study: Using Modern Reservoir Characterization To Optimize Future Development of a Mature Asset 
SPE 77683
What is the Magic of Water in Producing Sand? 
SPE 77686
Sand Control: Sand Characterization, Failure Mechanisms, and Completion Methods
SPE 77691
Effective Well and Reservoir Evaluation Without the Need for Well Pressure History
SPE 77693
Experiences Learned After Producing More Than 300 Million Barrels of Oil by Polymer Flooding in Daqing Oil Field
SPE 77701
Gas/Condensate and Oil Well Testing - From the Surface（由地表做油井測試）
SPE 77742
An Effective Technique of Estimating Drainage Shape, Magnitude and Orientation in A Low-Permeability Gas Sand

SPE 77743
Successful Integration of Sparsely Distributed Core and Welltest Derived Permeability Data in a Viable Model of a Giant Carbonate Reservoir
SPE 77569
The Analysis and Interpretation of Water-Oil-Ratio Performance
4、 參展廠商

本次會議的展覽部分計有400家以上的廠商參展，展示內容包括探勘、鑽井、生產、開發、電測、工安環保等石油工程上、中、下游之軟硬體設備。

其中Schlumberger、Halliburton、BJ、Weatherford、Baker Hughes、M-I等公司更以極大的攤位展示其產品與服務。相片一及二為展覽會場之一隅。

5、 心得與建議
1、 分組討論熱烈，部分專題並有尖銳對話，顯露與會者的積極投入及工程師求真本色的發揮。

2、 參加人數眾多，且與會人員不僅限於美國地區，歐亞非等外國人有增多的趨勢，這可能和SPE積極國際化有關。

3、 參加此一會議不僅可以掌握最新技術，獲取新知及新設備之訊息，同時在與國外專家交談之間也是交換訊息、資訊的好機會。

4、 為因應與會者換場的需求，每一分組討論之主席在時間之掌握極恰當，當然每一論文排定充裕的時間（25分鐘）發表與討論也是主要原因。

5、 除了石油工程以外，SPE尚接受其他相關論文的發表，如二氧化碳注入、天然氣水合物及污染整治（利用石油工程之技術），顯示SPE的恢弘氣度能夠兼容並蓄，同時也意味著這些領域將漸漸為石油工程界所肯定。

6、 煤層甲烷氣（Coal Bed Methane）為未來趨勢，宜加關注。

7、 SPE年會之分組討論均多場同時舉行，且內容範圍包羅萬象，建議本公司宜同時派遣不同領域工作同仁參與或組團前往，不僅可壯聲色也免捉襟見肘。
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圖一
分組討論議程
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圖二 壓力下降區間（摘自SPE 77642）
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圖三 裂縫發達方向（摘自SPE 77642）
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圖四 模擬壓力下降情形（摘自SPE 77642）
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圖五 裂縫網路分布情形（摘自SPE 77642）
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圖六
與ZNf之關係（摘自SPE 77451）  
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圖七 各井連通模式（摘自SPE 77618）
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圖八
裂縫油氣層型態與性質（摘自SPE 77488）
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圖九 以鑽屑量測滲透率之實驗設備（摘自SPE 77563）
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圖十 實驗與模式結果吻合情形（摘自SPE77563）
[image: image11.png]0.05

0.04

0.03
“dp1

0.02

0.01

3 0.004
! 0 0.001 0.002 0.00:
0.00




圖十一
無因次之兩相生產視窗（摘自SPE 77772）

表   Pollut-Eval與氣相層析儀分析結果比較（摘自SPE 77472）
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相片一
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相片二
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附錄－分組討論論文詳細目錄

2002 SPE ANNUAL TECHNICAL CONFERENCE AND EXHIBITION

OUT OF THE BOX LOGGING

77329 Viscosity Predictions for Crude Oils and Crude Oil Emulsions Using Low Field NMR A.Z. 
77330 A New Method of Calibrating Wireline Log Data With Carbonate Core Measurements To Recognize Pay Zones
77331 Watercut Measurement Using Microwave Energy Absorption—Theory, Field Trial, and Applications

NONCONVENTIONAL GAS
77332 Advances in the Prediction and Management of Elemental Sulfur Deposition Associated With Sour Gas Production From Fractured Carbonates
77333 Application of Leaky Aquifer Type Curves for Coalbed Methane Characterization
77334 Advances in Gas Hydrate Technology
77335 Development of a Heterogeneous Low Permeability Gas Field: What Is Most Important?
FUNDAMENTALS OF FRACTURED SYSTEMS

77336 Role of Fracture Fluid Flow in Matrix-Fracture Transfer
77338 Fluid Flow in Fractures Visualized by MRI During Waterfloods at Various Wettability Conditions: Emphasis on Fracture Width and Flow Rate
77339 Characterization of Acid Gas Diffusion in a Carbonate Fractured Reservoir Through Experimental Studies, Numerical Simulation
77340 Modeling Coupled Fracture-Matrix Fluid Flow in Geomechanically Simulated Fracture Networks
WIRELINE FORMATION TESTING

77342 In-Situ Permeability Anisotropy vs. Depth in a Fluvial Sandstone Reservoir Using a Multiprobe Formation Tester
77343 Pressure-Pressure Convolution Analysis of Multiprobe and Packer-Probe Wireline Formation Tester Pressure Data
77344 Recent Examples of Single-Probe Transient Pressure Analysis From Wireline Formation Testers
77345 Inversion of Multiphase Petrophysical Properties Using Pumpout Sampling Data Acquired With a Wireline Formation Tester
CARBON DIOXIDE AND GAS STORAGE

77346 Phenomenological Inventory Analysis of Underground Gas Storage in Salt Caverns .
77347 Enhanced Gas Recovery by Carbon Dioxide Sequestration in Depleted Gas Reservoirs
77348 CO2 Enhanced Gas Recovery Studied for an Example Gas Reservoir
WET GAS METERING

77349 Wet Gas Metering Using Dissimilar Flow Sensors: Theory and Field Trial
77350 Wet Gas Metering With Venturis and V-Cones
77351 Wet Gas Metering: Trends in Applications and Technical Developments
WELLBORE STABILITY AND LOST CIRCULATION

77352 Light Annular MudCap Drilling—A Well Control Technique for Naturally Fractured Formations
77353 Making a Case for Rethinking the Lost Circulation Treatments in Induced Fractures
77354 Application of Quantitative Risk Analysis to Pore Pressure and Fracture Gradient Prediction
77355 Borehole Stability in Naturally Fractured Reservoirs
DEEPWATER DRILLING

77356 Deepwater Drilling Performance
77357 Innovative Design Method for Deepwater Surface Casings
77358 Drilling Parameter Selection for Well Quality Enhancement in Deepwater Environments
GEOPHYSICAL APPLICATIONS

77359 Assessing the Value of 3D Seismic Data in Reducing Uncertainty in Reservoir Production Forecasts
77360 Pore Pressure Prediction for the Cocuite Field, Veracruz Basin
77361 Real-Time 4D Reservoir Characterization Using Passive Seismic Data
77362 Rapid Assessment of 3D Seismic and Its Economic Impact
PERFORATING ADVANCES

77363 A New Skin Factor Model for Perforated Horizontal Wells
77364 New Underbalanced Perforating Technique Increases Completion Efficiency While Eliminating Costly Acid Stimulation
77365 Correlating Particle Size Distribution in a Crushed Zone to Perforating Permeability Damage and Modeling Using Fragmentation Fractal Theory
MATRIX ACIDIZING

77366 Chelating Agent Based Fluids for Optimal Stimulation of High-Temperature Wells
77368 Successful Diversion of Acid Stimulation in Water-Producing Oil Wells: Case Histories Nisku Formation, Central Alberta
77369 Modeling, Simulation, and Comparison of Models for Wormhole Formation During Matrix Stimulation of Carbonates
77370 The Impact of HCI to HF Ratio on Hydrated Silica Formation During the Acidizing of a High-Temperature Sandstone Reservoir in Saudi Arabia
POSTERS

77758 A Petrophysics and Reservoir Performance-Based Reservoir Characterization of the Womack Hill (Smackover) Field (Alabama) 
77759 Feasibility Assessment of a New Approach for Integrating Multiscale Data for High-Resolution Reservoir Characterization
77760 KONSAS: An Exhaustive Reservoir Model To Evaluate the Contribution of Seismic to Reservoir Characterization
77761 Temperature Effects in Brazilian, Uniaxial, and Triaxial Tests With High Porosity Chalk
77762 The Kitchen Prospects, Cook Inlet Alaska: A Giant Natural Gas Accumulation
77763 Real-Time 4D Passive Seismic Imaging of Hydraulic Fracturing
77764 An Integrated Approach to Basinwide Management Plans
77765 Natural Gas Liquids and LNG Production From Crudes and Wet Gases
77766 U.S. Natural Gas Market: Recent Dynamics and Future Concerns
77767 Productivity Decline in Oil Wells Related to Asphaltene Precipitation and Emulsion Block
77768 Field Application of a Novel Emulsified Scale Inhibitor System to Mitigate Calcium Carbonate Scale in a Low-Temperature, Low-Pressure Sandstone Reservoir in Saudi Arabia
77769 Development Well Testing Enhancement Using a Multiphase Flowmeter
77770 Phase Envelope Calculations for Hydrocarbon-Water Mixtures
77771 Getting the Best From Formation Testing Sampling
77772 Prediction of Capillary Fluid Interfaces During Gas or Water Coning in Vertical Wells
77773 Multizone Gas Well Stimulation Using a High-Performance Composite Bridge Plug: A Review of 75 Runs and Selected Case Histories
77774 A Comparison of Interventionless Packer Setting Techniques and Enhanced Functionality Considerations
77775 New Technique Restores Initial Fluid Efficiency Observed in Mini-Frac and Results in Increased TSO Frac-Pack Success
77776 Stability of an Open Hole Completed in a Limestone Reservoir With and Without Acid Treatments
77778 Use of Core Data in Log Lithology Calibration: Arab-D Reservoirs, Abqaiq and Ghawar Fields
77779 Utilization of Geomechanics for Medusa Field Development, Deepwater Gulf of Mexico
77780 3D Quantification of Vugs and Fracture Networks in Limestone Cores
77781 An Integrated Approach for Secondary-Porosity Evaluation in Carbonate Reservoirs: A Kuwait Case Study
77782 Integrating Borehole Flow Images With a Conventional Production Log Interpretation Method
77783 A Method for Developing Rock Mechanical Property Logs Using Electrofacies and Core Data
77784 Identifying Bypassed Reserves and Monitoring Fluids Using Carbon-Oxygen Logs in Tia Juana Field, Lake Maracaibo, Venezuela
77785 Case History and Applications in a Permian Basin Devonian Gas Pay Using a Cased-Hole Pulsed Neutron Logging Tool and Acid-Soluble Diverter Cement Techniques To Accurately Improve Pay Identification and Significantly Increase Production
77786 A New Technology for Resistivity Anisotropy Evaluation in Conductive Borehole Environments
77787 Primary and Secondary Porosity Estimation of Carbonate Formations Using Total Porosity and the Formation Factor
77788 New C/O Methodology Applied for Reservoir Monitoring in Atypical Casing Completion and Complex Lithology: A Case Study
77789 A Visualization of Thomas Stieber Shale Distribution Model and Resistivity Anisotropy and an Error Sensitivity Comparison Between Water Saturation Equations Utilizing Scalar and Tensorial Resistivity Data
77792 Application of Shear Anisotropy From a New Generation Crossed Dipole Acoustic Tool
77793 Wellsite Resistivity Anisotropy Interpretation: A 2D Method and Case Studies From the Gulf of Mexico
77794 A Method To Improve Stimulation and Completion Design by Integrating Nuclear Magnetic Resonance (NMR) Logs With NMR Measurements on Core Samples
77972 Comparisons of Predictions From Reservoir Models to Actual Production Data: Field Examples
STRANDED GAS

77371 Natural Gas: The Excruciating Transition
77373 Advances in Advanced Gas-to-Liquids Technology
STREAMLINE SIMULATION

77374 Statistical Ranking of Stochastic Geomodels Using Streamline Simulation: A Field Application
77375 New Reservoir Dynamic Connectivity Measurement for Efficient Well Placement Strategy Analysis Under Depletion
77376 IOR Forecasting Using a Full-Field Front-Tracking Reservoir Simulator in the Kuparuk River Field, North Slope, Alaska
77377 A Streamline Approach for Ranking Reservoir Models That Incorporates Production
77378 A Combined Geostatistical and Streamline-Based History Matching Procedure
77379 Compositional Streamline Simulation
77380 An Analysis on Advection-Dispersion Ratio To Incorporate Dispersive Transport Into Streamline Simulation
RESERVOIR PVT

77381 Simplified Method for Calculation of Minimum Miscibility Pressure or Enrichment
77382 An Efficient Tuning Strategy To Calibrate Cubic EOS for Compositional Simulation
77383 Modeling the Effect of External Gas Flux on Reservoir Fluid Distribution
77384 Complex Phase Behavior of the Subsurface Fluids K. Luo, Research Inst. of Exploration and Development
77385 Cubic Equations of State Applied to HT/HP and Highly Aromatic Reservoir Fluids
77386 Analysis of Black Oil PVT Reports Revisited
77387 Multiphase Equilibrium Calculation Using Reduced Variables
HSE SUMMIT: EXPERTS ON THE ISSUES

77388 Drilling Waste Management: Past, Present, and Future
77389 Produced Water Regulations in the United States: Then, Now, and in the Future
77390 Environmental Regulatory Framework in the North Sea: An Update of the Existing and Foreseeable Constraints
77391 The New Gulf of Mexico NPDES Permit: How Does It Shape Up? 
77394 Determination of Environmental Liabilities and Development of a Facility Closure Plan for a State Oil Company
77393 Aging Facilities Present a Potential Environmental Threat
NUCLEAR MAGNETIC RESONANCE LOGGING

77395 Nuclear Magnetic Resonance While Drilling in the Southern North Sea
77396 Study of Vuggy Carbonates by Using NMR and X-Ray CT Scanning
77397 Wettability, Saturation, and Viscosity Using the Magnetic Resonance Fluid Characterization Method and New Diffusion-Editing Pulse Sequences
77398 Numerical Simulations of NMR Responses for Improved Interpretation of NMR Measurements in Reservoir Rocks
77399 Quantification of Multiphase Fluid Saturations in Complex Pore Geometries From Simulations of Nuclear Magnetic Resonance Measurements
77400 Applications of a New-Generation Wireline NMR Logging Tool
77401 An Evaluation of the Application of Low Field NMR in the Characterization of Carbonate Reservoirs
PROCESSES FOR TECHNOLOGY TRANSFER

77402 Practical Preparations for the Big Crew Change
MULTIPHASE FLOW METERING

77403 Field Implications of Uncertainties in Multiphase Flow Measurements
77404 Field Experience of Multiphase Flow Measurements in Scaling Conditions
77405 PVT Sampling With Multiphase Flowmeters—Theoretical Justifications and Field Limitations
77406 Testing Conventionally Untestable High-Flow-Rate Wells With a Dual-Energy Venturi Multiphase Flowmeter in Usari Field, Offshore Nigeria
77407 Knowledge Discovery in Databases and Multiphase Flow Metering: The Integration of Statistics, Data Mining, Neural Networks, Fuzzy Logic, and Ad Hoc Flow Measurements Toward Well Monitoring and Diagnosis
77408 Low Field NMR Water Cut Metering
77409 A Method for Real-Time Well Cleanup Optimization
77410 Survey Paper on the Use of MPFMs in Venezuela, Present and Future
WATER CONTROL AND MANAGEMENT

77411 Connecting Laboratory and Field Results for Gel Treatments in Naturally Fractured Production Wells
77412 Relative Permeability Modifier and Scale Inhibitor Combination in Fracturing Process at San Francisco Field in Columbia, South America
77413 Application of Laboratory Techniques To Assess Water Quality Standards: Review of Water Quality Requirements for a Saudi Arabian Carbonate Reservoir To Aid in the Diagnosis of Injectivity Decline Noted in Some Injectors
77414 Relative Permeability Modification Using an Oil-Soluble Gelant To Control Water Production
77415 A Study of Water Coning Control in Oil Wells by Injected or Natural Flow Barriers Using a Scaled Physical Model and a Numerical Simulator
77416 New Dual-Completion Technology Reduces Water Cresting in Horizontal Wells and Improves Oil Recovery Factor
77417 Case Study: Using a New Crosslinked Polymer Technology To Reduce the Water-to-Gas Ratio in a Mississippi Canyon Well
GETTING A GRIP ON RISKS

77418 Assess Risk and Size Dependencies in a Geologic Play With Multiple Zones and Multiple Prospects
77419 The Exploitation Enigma
77420 Exploration Economics of Multizone Prospects: A Comparison With Single Zone Approximations
77421 Distributions of Parameters for Use in Stochastic Evaluations and Decision and Risk Analysis
77422 Sums and Products of Distributions: Rules of Thumb and Applications
77423 Decision-Making Process for a Deepwater Production System Considering Environmental, Technological and Financial Risks
77424 Valuation of Technology and Information for Reservoir Risk Management
GEOSTATISTICAL MODELING

77425 Modeling of a Deepwater Turbidite Reservoir Conditional to Seismic Data Using Multiple-Point Geostatistics
77426 Feature-Based Geostatistics: An Application to a Submarine Channel Reservoir
77427 Geostatistical Assignment of Reservoir Properties on Unstructured Grids
77428 Reservoir Modeling Methods and Parameters for a Shoreline-Shelf Reservoir: What Is Important for Fluid Flow Performance?
77429 Geostatistical History Matching Under Training-Image Based Geological Model Constraints
77430 Sensitivity Analysis of Petrophysical Properties Spatial Distribution and Flow Performance Forecasts to Geostatistical Parameters Using Derivative Coefficients
77431 Representation of Reservoirs Generated by Object-Based Stochastic Simulation in Numeric Flow Modeling
SAND CONTROL I

77432 Innovative Sand-Control Screen Assembly Enables Successful Multilobe Frac Pack in Adverse Recompletion Conditions
77433 Openhole Horizontal Gravel Packing: An Evolving Mainstay Deepwater Completion Method
77434 Ceiba Completion Optimization: A Fast-Track Approach to Success
77435 New Technologies Enhance Operational Efficiency in Difficult Gravel-Pack Operations
77436 New Single Trip Perf-and-Pack Completion System Increases Cost Efficiency in Gulf of Mexico Completions
77437 Simultaneous Stimulations and/or Packing in Multiple Zones: Effective Solutions
77438 Advanced Openhole Completions Utilizing a Simplified Zone Isolation System
FRACTURE DIAGNOSTIC METHODS

77439 Microseismic Images of Hydraulic Fractures: More Questions Than Answers? 
77440 Microseismic Imaging of Hydraulic Fracture Complexity in the Barnett Shale
77441 Integrating Fracture Mapping Technologies To Optimize Stimulations in the Barnett Shale
77442 A Practical Guide to Hydraulic Fracture Diagnostic Technologies
77443 Calibrating Coalbed Methane Fracture Geometry in the Helper Utah Field Using Treatment Well Tiltmeters
77444 Running Two BHP Gauges To Determine Fracture Growth and Entry Pressure: A Case Study in Canada, Basal Quartz Formation
DRILLING FLUIDS

77445 Chemical and Physical Characterization of Aphron-Based Drilling Fluids
77818 Influence of Temperature and Clays/Emulsion Microstructure on Oil-Based Low Shear Rate Rheology
77446 Toward Zero Fluid Loss
77447 Development of Novel Membrane Efficient Water-Based Drilling Fluids Through Fundamental Understanding of Osmotic Membrane Generation in Shales
77448 Drilling Fluid Sweeps: Their Evaluation, Timing, and Applications
77449 Filtercake Cleanup Techniques for Openhole Water Injectors With Sand Control: Lessons From Laboratory Experiments and Recommendations for Field Practices
77450 Effect of Low and High Temperature and Pressure Effects on the Rheology of Oil-Based Drilling Fluids
WELL TESTING FOR FORMATION CHARACTERIZATION

77451 Integrating Pressure Transient and Seismic Data To Determine the Characteristics of Single- and Double-Porosity Reservoirs
77452 Effect of Scaleup and Aggregation on the Use of Well Tests To Identify Geological Properties
77453 Multiwell Interference Test in the Colville River Field, Alaska
77454 Application of Injection Tests for Reservoir Appraisals: A Conceptual Study
77455 Timing and Distance of Well Interference in Anisotropic Reservoirs
77456 Determining Reservoir Stratigraphic Continuity via Well Testing in Deepwater Gulf of Mexico, Fuji Prospect
HEAVY OIL AND THERMAL PROCESSES

77457 Mechanisms of Bubble Formation by Pressure Decline in Porous Media: A Critical Review
77459 An Integrated Experimental and Numerical Approach To Assess the Performance of Solvent Injection Into Heavy Oil
77460 Identification of Steam Breakthrough Intervals Using DTS Technology
77461 Wettability Alteration of Diatomite Induced by Hot-Fluid Injection
77462 The Impact of Structure and Heterogeneity on Modeling the SAGD Process
PERFORMANCE ANALYSIS

77464 Comparing Production Responses From Devonian Shale and Berea Wells Stimulated With Nitrogen Foam and Proppant vs. Nitrogen Only, Pike Co., Kentucky
77465 Analysis of Layered Gas Reservoir Performance Using a Semianalytical Solution for Rate and Pressure Behavior

77466 Inflow Performance Relationships for Gas Condensate Wells
77467 Investigation of the Relationship Between the Dimensionless and Dimensional Analytic Transient Well Performance Solutions in Low-Permeability Gas Reservoirs
77468 Effects of Non-Darcy Flow on Pressure Transient Analysis of Hydraulically Fractured Gas Wells
77469 A Comprehensive Reservoir Evaluation of a Shale Reservoir: The New Albany Shale
75392 The Study of Performance Prediction of Treatment Wells in Low Permeability and Abnormal High-Pressure Gas Reservoirs
REGULATORY ENVIRONMENTAL WELL CONTROL ISSUES

77470 The Health, Safety, and Environmental Benefits of Real-Time Operations
77471 Impact of Drilling Activities: Seabed Recolonization
77472 Pollut-Eval: An Innovative Tool for Direct Hydrocarbon Characterization in Oil Base Mud & Cuttings

77473 Practical and Successful Prevention of Annular Pressure Buildup on the Marlin Project
77474 Gas Diffusion: Its Impact on a Horizontal HP/HT Well
77475 Interactions Between Drilling Fluid and Reservoir Fluid
77476 Estimation of Underground Blowout Magnitude Using Temperature Logs
LOGGING WHILE DRILLING

77477 Field Testing of a New Magnetic Resonance Logging-While-Drilling Tool
77478 Standoff Compensation and Hole Size Correction of a New LWD Density/Neutron Logging System
77479 An Integrated Caliper From Neutron, Density, and Ultrasonic Azimuthal LWD Data
77480 LWD Sonic Logging in Large Diameter Surface Holes
77481 Design, Calibration, Characterization, and Field Experience of New High-Temperature Azimuthal, and Spectral Gamma Ray Logging-While-Drilling Tools
77482 Case Study: Combining Pulsed Neutron Spectroscopy and LWD Resistivity for Analysis Behind Casing in Small Holes
77483 The Design, Response, and Field Test Results of a New Slimhole LWD Multiple- Frequency Resistivity Propagation Tool
RESERVOIR STUDIES

77484 Estimating Non-Darcy Flow Coefficient From Buildup Test Data With Wellbore Storage
77485 Identification of Unknown Permeability Trends From History Matching of Production Data
77486 Comparison of 2D and 3D Flow Behavior Based on High-Resolution Geophysical Surveys, Outcrop Data, and Flow Simulations: Ferron Sandstone, Utah, USA 
77487 Quantifying Bypassed Oil in the Vicinity of Discontinuous Shales 
77488 Hierarchical Organization of Flow Network in Fractured Carbonate Reservoirs: Identification and Characterization of Key Parameters
77489 Determination of OHIP and Aquifer Constant Without Prior Knowledge of Aquifer Models 
77490 A Case Study of Asphaltene Precipitation in High Gas-Oil Ratio Wells
SEPARATION TECHNOLOGIES

77491 New Inclined Separator Design Extends Economic Limit of High Water-Cut Field
77492 Design of a Crude Oil Dehydration Unit C. 
77493 Optimization of a Horizontal Flow Electrostatic Coalescer in Offshore Gulf of Mexico Service
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77497 Crude Oil Emulsions: A State-of-the-Art Review 
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MULTIPHASE FLOW: MEASUREMENTS AND MODELING
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