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    摘      要
參加在美國克羅拉多州丹佛市舉行的2009AAPG(美國石油地質師學會)年會開會。主要目的是了解當前全球石油探勘概況與未來發展新趨勢，並蒐集石油科技新知與各國礦區開發及招商讓入的資訊，提供給公司相關單位參考與應用，期望對探採事業部競逐國外探勘及探採績效有所助益。

　　年會活動包括有論文發表與研討、石油工業界廠商新科技展覽及多家國營石油公司礦區招商讓入等主題。本次論文發表包括：１.全球深水探勘和開發、2.石油系統分析、3.矽質碎屑沉積系統、4.碳酸鹽系統、5.構造地質、6.探勘和探勘新標的、7.資源開發、8.緻密氣層、9.非常規儲集層、10.天體地質學、11.替代及再生能源、12.負責任的開發、13.地質解釋、14.新技術、15.學生壁報展示。總共15大項。

　　年會期間，論文發表、新知專題及壁報展覽等各項活動同時舉行，涵蓋多項專業領域，個人僅就石油探勘相關領域之專題及論文發表擇項參與，聆聽展覽會場知名服務公司之軟體介紹、服務項目及蒐集各國營石油公司之地質介紹及礦區開發讓入的最新資訊。
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一、目的
     石油是當前支撐全球經濟最主要的能源，專家預估全球石油產量的頂峰或者已經來臨，而只要石油需求超過供給10%到15%，整個全球經濟體系就有可能面臨崩潰；因此全世界列強國家均展現出掌握自有能源的企圖心與行動。本公司近年來亦相繼投入大量的經費與人力，積極前往國外尋求更多的探採機會，期望能逐年增加公司自有油源的比例，為達此目標，除了公司高層的企圖心與提升探採專業人員的技能外，更重要的是要積極參與石油工業界所舉行的國際會議，增加公司在石油界的能見度，積極尋找合作夥伴以及蒐集並掌握全球最新的探採資訊，以便能在國際競爭的環境中有所斬獲。

　　美國石油地質學會(American Association of Petroleum Geologist，簡稱AAPG）是國際上著名的石油專業人員組織，其年會每年在美加各城市輪流舉行，有來自於全世界的地質專家、石油專業人員、石油工業廠商和國際國營公司的人員參與集會，集會活動包括有論文發表、廠商新科技展覽、礦區推銷、特別主題的研討會及短期專業訓練的課程。歷年AAPG年會已成為世界各石油公司獲取最新科技、吸取探採經驗以及了解全球最新探採發展趨勢的交流場所。本公司每年均派遣人員參加，主要的目的是了解目前最新的石油地質科技資料、石油法規以及開放礦區資料，以提供給公司相關單位參考與應用。

二、過程

　　今年的年會於2009年6月7日至6月10日在美國克羅拉多州丹佛市舉行，職奉派參加年會，年會主要活動如下：6月7日開始辦理報到註冊手續,下午舉行開幕典禮暨頒獎儀式，6月8日到10日期間，開始論文發表會及石油科技展覽會（包括國際國營石油公司展示）以及知名服務公司軟體展售及功能專題介紹，還有壁報展覽及解說等活動。於6月10日下午結束年會，本次年會大會統計有來自於全球85個國家，超過7200人參與盛會。

　　參與本次年會大致分三方面進行；分別為參與論文發表會之專題演講報告、參觀石油科技展覽館內知名服務公司之新科技展示及簡報，並蒐集開放礦區資料及礦區讓入招商機會之洽詢。以下就各項活動之主要內容做一報告。

　　

（一）論文發表會

　　AAPG口頭論文發表會分別在8個大會議室舉行，三天期間總共發表425篇，另外，還有將近600多篇論文，在展覽館分批以壁報展示，大會將所有論文綜合歸納成15大類，分別陳述如下：

1. 全球深水探勘和開發（Global Deepwater E&D）:包括有全球深水探勘標的、深水沉積之了解（預測與觀察）、深水岩心與露頭類比、深水邊緣形貌控制儲集岩發育等專題。

2. 石油系統分析（Petroleum System Analysis）:包括有全球各盆地之石油系統分析、生油岩與封阻研究、盆地和石油系統之模擬、美國地質調查所（USGS）對北極圈資源量之評比等專題。

3. 矽質碎屑沉積系統（Siliciclastic System）:包括有大陸和湖泊盆地分析、SEMP研討會（由來源到沉沒碎屑沉積系統）、沿岸和淺海矽質碎屑沉積系統、生物擾動和其在沉積學的角色、矽質碎屑沉積儲層發育等專題。

4. 碳酸鹽系統（Carbonate System）:包括有探勘和開發的實例和類比、碳酸鹽的岩化作用（過程一產物及特徵）、碳酸鹽和蒸發岩混合層序、碳酸岩沉積學和層序分析、孔隙系統及其流體流量和岩石物理特徵、現代碳酸鹽沉積系統等專題。

5. 構造地質（Structure Geology）：包括有墨西哥灣北部的鹽岩構造、全球鹽岩盆地斷層分割和連結對探勘和開發衝擊、地層力學在儲集層發育中的角色、逆衝斷層帶的探勘標的、斷層在碳酸鹽和矽質碎屑岩的封阻性以及裂縫對儲集層的衝擊等專題。

6. 油氣探勘和探勘新標的（Exploration and New Play）：包括有全球的油氣探勘與開發（北美洲、南美洲、中亞、中東和非洲等區域）、油田發現之思路探討、伊拉克的探勘和開發機會、EOR和開發研究、未開拓盆地的探勘新機會等專題。

7. 資源開發（Resource Development）：包括有EOR和油田開發研究、儲油層特性、岩相技術和儲集層構造之應用、流體於岩層中之流動（由分子尺寸度到快速通道）、靜態和動態的儲油層模擬等專題。

8. 緻密氣層（Tight Gas）：包括有頁岩和緻密含氣砂岩的岩石物性、緻密含氣砂岩的探勘策略和探勘標的之特性、砂岩的孔隙組構和流體流動等專題。

9. 非常規儲集層（Unconventional Reservoirs）：包括有油頁岩（儲層特性）、水合 物、頁岩儲氣層和煤層氣等專題。

10. 天體地質學（Astrogeology）：包括有Lunar Field探測和樣品紀錄、太陽系的  

     能量礦物等專題。

11. 替代及再生能源（Alternative and Renewable Energy）：包括有鈾礦探勘、淺層

     生物氣生產和地溫能源系統等專題。

12. 負責任的開發（Responsible Development）：包括有主要的挑戰－人類對古氣

     候和古海洋的了解極有限、全球氣候的變化、未來碳強制減量對石化工業

     的涵意、二氧化碳捕獲和地質封存、地下水和場址補救等專題。

13. 地質解釋（Geologic Interpretation）：包括有震測解釋的視覺表象和定量不確定、

     震測地層解釋（探勘個案史）、緻密儲油層微震裂縫的標示、整合重磁的地

     質探勘、三維及四維解釋圖、震測屬性對曲度和裂縫偵測的技術、使用表

     層地球物理解決環境問題等專題。

14. 新技術（New Technologies）：包括有流體位能場特徵與深層碳氯化合物移

    棲、GIS使用於EOR研究、阿爾卑斯山碳酸鹽溶解季節性CO2排放量之估

    算、人工神經網路預測三角洲動態系統、美國頁岩氣的探勘標的圖以及阿帕

    拉契高原三維地質圖等專題。

15. 學生壁報展示（Student Posters）

　　除了論文發表會，大會另外舉辦了數場討論會，討論會的主題分別為：

1. 石油地質的歷史（The History of Petroleum Geology）

2. 全球能源需求的挑戰－短期的變化和長期解決之道（Challenge for Global Energy－Short Term Variability and Long Term Solution）

3. 油氣田發現思路（Discovery Thinking）

4. 全球氣候變遷：預期碳限制的未來：對石化工業的含意（Global Climate Change：Anticipating a Carbons Constrained Future: Implications for the Fossil Fuel Industry
5. AAPG能源研討會（AAPG Division Energy Forum）

　　謹將本人參與的論文發表會，擇數篇重點簡述如下：

１.中國海域盆地的石油系統和探勘潛能

　　中國大陸海域的盆地大都屬於第三紀，具有類似的石油系統，有二個主要的生油岩：生油傾向的湖相頁岩和油氣生成傾向搬運至沖積平原的煤系地層。湖相頁岩主要發育於陸棚的張裂地塹。渤海盆地是產量最豐富的盆地（250億桶）。於外大陸棚或深水區，不具有湖相頁岩，而是分佈廣泛的煤系地層，探勘成功的主要關鍵是找出具有足夠覆蓋而成熟的區域。整合重磁及震測資料重建東海孤後盆地的大地構造史，古黃河及長江搬運大量沉積物進入黃海和東海，產生足夠的覆蓋層及砂岩儲集層，而構造反轉形成有利的圈閉。於南海，大部分探勘活動集中於陸棚但無重大發現，近年珠江口盆地深水區Liwan3－1的發現使深水區的探勘帶來前景，瓊東南和珠江口盆地的深水具有探勘天然氣的潛能，儲氣層是紅河和珠江所帶來的淺海砂岩和濁流岩，主要的挑戰是發現生油氣中心和具有足夠油氣移棲的圈閉。

２.震測地層學的新方向

　　1970年代提出震測地層學的觀念，隨後包括井下資料和露頭分析（層序地層學）。傳統的震測地層分析，主要是集中於反射的幾何形貌（終止、震測相），振幅和其他準則並據以重建海平面的變化，沉積物供應和構造運動史。由控制井的資料，來預測岩相分佈並識別儲集層和其型態。

　　最先進的三維震測，允許地層學者透視沉積系統的平面影像，增強地層的解釋能力。同時，地球學家發展出一套工具（反演、震波屬性、AVO、頻譜分解等）以定量的預測岩相。實例上，上述分析通常與傳統震測地層分析同時進行。即使這些定量分析所預測的結果可能對了解沉積系統相當有用，然而地層學者通常不參與。因此，作者主張需要整合震測地層和定量的震測分析結果，因此，沉積地質家需要改善對地球物理定量分析的認知能力。

３.伊拉克的油氣潛能(下一個沙烏地阿拉伯

　　伊拉克是世界上石油儲藏量最豐富的國家之一，未來他可能成為世界上領先的原油生產國。伊拉克的油氣田具有厚的儲層、大的構造、生產井高產能以及廣大的儲量等特性。預估伊拉克潛能原油儲量介於1500億至2700億桶之間，作者預估2300～2500億桶，預估天然氣儲量介於110至200TCF之間,而作者預估220～260TCF之間。目前，有超過500個可供鑽探的構造，而僅鑽探130個，大部分構造其長度是大於五公里，鑚井成功率高達80%。

　　現今已發現的85個油氣田，僅有24個在生產，其中幾個油氣田屬於超巨型油田，其儲量超過120億桶，已鑽探的潛能盆地，包刮Gotnia、Western Desert和北部伊拉克，未鑽探的構造和未開發的油氣田或未生產的油田顯示具有世界上最大的油氣儲量。世界上的油公司即將有機會到伊拉克進行探勘和開發。伊拉克也需要大量的服務公司進行油田設備的汰舊換新及維修。而且，伊拉克仍有許多探勘空間，亦需要施測震測和重力。

４.美國地質調查（USGS）評估北極圈的油氣資源量

　　美國地質調查完成北極圈油氣資源評估的第一份公開報告，USGS評估北極圈佔有13%世界未開發的原油資源量以及30%的天然氣資源量。7個以地質定義的評估單元有機會發現10億桶的油田。阿拉斯加地台是最顯著的地區，佔有30%估計北極圈石油資源量。北極圈以天然氣佔優勢，天然氣資源量是原油的3倍，預期發現最大的天然氣田是最大油田的8倍（以油當量計）。大部分的天然氣集中於蘇俄。South Kara Sea和西伯利亞盆地北部海域為最有潛能的地區。市場情況、技術革新和儲量大小決定開發條件。

（二）石油科技展覽會

　　本次大會有超過200家的廠商參與展覽，商品與服務項目包羅萬象，涵蓋探勘、鑚井和生產三大領域，大致包括有：航照、遙測、衛星影像處理與解釋、測勘資料採集與處理及解釋（重磁力、震測與地化）、電腦軟硬體設備、GPS、探勘與開發計劃經濟評估、岩心分析與儲存、測探資料管理與服務、鑚井器材設備、DST及完井服務等各項商品及服務項目。參展各家廠商詳細的產品與服務項目以及聯絡方式列印於大會出版的書冊上可供參考。某些服務公司於參展期間定期在會場特別安排展品展示課程，可隨個人喜好而參與。本公司測勘單位目前使用SMT公司的Kingdom Suite解釋軟體，SMT公司亦安排一系列介紹Kingdom 8.4版新產品的展示課程，新版軟體增加30項新特徵，提供更先進的地球科學工具，使客戶能面對競爭環境，滿足使用更複雜工作流程的需求。於SMT公司現場，該公司亞太區副總經理Richard L. Weinded告訴本人，擬定於7月底來本公司介紹8.4版新軟體各項功能。

（三）國際各國營公司（NOC）展示

　　從1994年開始設立該展示區以來，今年是第15屆，此展示區已發展成國際各國營公司和政府代理商推銷探勘和開發機會的主要場所，本次總共有26個國家或地區參與展覽，其名單如下：肯亞、可魯巴、巴貝多、貝里斯、英屬哥倫比亞、剛果、象牙海岸、富克蘭群島、加彭、格陵蘭、紐芬蘭、冰島、愛爾蘭、南韓、摩洛哥、莫三鼻克、納密比亞、尼加拉瓜、祕魯、波蘭、聖多美普林西亞、塞內加爾、南非、坦尚尼亞、烏干達以及烏拉圭。非洲國家幾乎佔一半，而非洲探明石油蘊藏量近年來又不斷增加，許多國家仍處於探勘初期階段，表示非洲仍有許多探勘機會。於現場搜集了各國有關石油地質資料、石油法規、開放礦區等相關資料，提供本公司相關單位參考與應用。部分國家開放礦區資料如附錄。

三、心得及建議
（一）本次年會總計有來自85個國家，超過7200位石油界人士及專家學者參與盛會。會中發表了1000篇以上的文章，並有200多家廠商及26個國營石油公司參加展覽。盆地模擬與石油系統分析依然是參展廠商的主軸及油氣探勘的關鍵技術，深水探勘是目前全球油氣探勘的新趨勢，亦是另一個絕對重要的油氣藏的來源。隨著探採技術的進步與石油市場價格的上揚，非常規資源(煤層氣、緻密儲集層、頁岩氣等)的開發更顯得有競爭力，而全球暖化及氣候變遷是未來世界不可迴避的問題。未來二氧化碳排放的限制對石化工業的發展將有深遠的影響，許多國家已經著手規劃如何面對此項議題，二氧化碳地質封存是當前頗成熟的技術，例如澳洲政府在維多利亞亞省進行澳洲第一個二氧化碳地質封存(Otway Project)計畫，將把10萬噸的二氧化碳注入已枯竭的氣田。
（二）近年來非洲地區的石油探勘蓬勃發展，其探勘領域不再侷限於北非或西非較成熟的礦區。順著已證實探勘成功的礦區逐漸移往內陸，如東非及中央裂谷盆地。參與本次年會礦區招商展示的國營石油公司，有一半來自於非洲國家，其中，許多具有油氣探勘潛能的盆地仍屬於低密度探勘區，其取得礦區資格及獲取礦區的合約條款較為寬鬆，對探採事業部跨足非洲油氣探勘相形容易。然而，非洲大多數國家仍存在著或多或少的政經問題，其探勘風險亦相對提高。因此，宜以合資方式參與有潛能礦區，並須長期持續經營，方能獲得成效。

（三）伊拉克是世界石油蘊藏量最豐富的國家之一，預估有1150億桶探明石油儲量及1000億桶尚未探明的潛能儲量。伊拉克解放後，新政府開放外資參與探勘石油的機會，已成為全球各大石油公司關注的焦點。伊拉克已於2008年10月開放第一輪的技術服務合約(TCS)執照，預定2009年底開放第二輪礦區執照招標，報載中國大陸三家石油公司均參與投標，本公司應把伊拉克列入目標探勘國家，隨時密切注意相關資訊，並積極尋找合作公司，以合資方式參與公開投標或可能讓入礦區的機會。
（四）AAPG年會是國際地質界及石油工程界一年一度的盛會，會中除專家學者發表研究精華外，亦有各大石油公司代表穿梭會場，是技術交流獲取最先進資訊及各石油公司交流的重要場地。再者年會期間，論文發表、專題研討、石油科技展覽以及國營石油公司礦區展示及招商等多項活動同時進行，涵蓋著多項專業領域，是石油工程界獲取新知最直接最省事的場所。
      職此次奉派參與開會，除參觀及聆聽展覽會場各家服務公司的產品介紹及各國營公司礦區招商外，並到各論文發表會場聽取簡報，然個人專業限制及時間有限，無法全面吸收資料及摘取資訊，是此次參加開會最大的感觸。再者看到本公司僅職一人參加，對照其他石油公司，如中國大陸三大石油公司派出三組人馬，多至2、30人，各司其業各盡其責，聆聽演講收集資訊，頗為感慨。此時正逢探採部門力挽狂瀾，競逐國外探勘之際，建議公司日後應派遣多方領域人員組成參訪團，一方面增加公司的國外能見度，另方面可全方位的蒐集國際新知及各國礦區的探勘資料，方不錯失此進軍國外探勘的最簡易良方。
四、附錄

SOUTH AFRICA(南非)
[image: image1.jpg]The Camel Lead is
interpreted as a basin
floor fan situated on
the flank of a source

The Dolphin Lead is a
basin floor fan complex
overlying the
Cenomanian/Turonian

boundary. rock basin that
Itextends for 12 km along thickens toward the
the only seismic line south-east. le
covering the fan. for 10 km on a single
seismic line, but may
extend to a basin floor
fan observed on an
adjacent parallel line
14kmtothe NE.
Geologic setting: Basin floor fan situated on Cenomanian/Turonian boundary Geologic setting: Basin floor fan situated on the Cretaceous /Tertiary unconformity
Single seismic line Seismic control:  Single seismicline
Basin floor fan pinching out against basin slope. Prospect type: Basin floor fan pinching out against basin siope.
1050 m. ‘Water depth: 1400 m
Area of closure: 100 km® Area of closure: 80 km*
Depth below mudline: 2600 m Depth below mudline: 1900 m
Potential thickness: 350 m gross at centre; thins to zero at edges. Potential thicknes: 300 m gross at centre; thins to zero at edges.
Maximum potential:  Approximately 1500 MMBO if filled, assuming 50% netgross Maximum potential:  Approximately 1000 MMBO, assuming 50% net / gross
Source rock: Probable shale of Late Jurassic Early Cretaceous age, beneath and to the south. Source rock: Probable shale of Late Jurassic Early Cretaceous age.
Reservoir rock: Turbidite sandstones Reservoir rock: Turbidite sandstones
Trap type: Basin floor fan pinchout against shale siope facies ) Trap type: Basin floor fan pinchout against shale slope facies
Timing: Deposition and stratigraphic trap formation precedes source rock maturity and Timing: Deposition and stratigraphic trap formation precedes source rock maturity

hydrocarbon expulsion and hydrocarbon expulsion

The Tiger Lead
ot s i Tiger Lead A is situated above an
upthrown basement block.
The target intervals range from the
Cretaceous to the Tertiary and
represent more than 1000 m of
section draped over the basement
block. The lead, defined by two
seismic lines, exhibits four-way
closure.

The Oligocene channels
developed during
regional uplift of the
African craton. Amplitude
anomalies are associated
with the base of the
channels, which suggest
a sandy channel fill
Downdip, the channel fil
develops a mounded
character which indicates
the beginning of a basin
floor fan. A lowstand fan
wedge is expected to

Tiger lead B comprises a stacked
oll-over into a fault

Geologic setting Situated on a basement ridge horst on the northern flank of the basin.
Prospect type: Drape over a horst block with an apparent 4-way dip closure. oscixathe depocentrs.
Water depth: 860m
Area of clogure: 84 km' at top pre-Cretaceous. Geologicsetting:  Tertiary channels on shelf, extending downdip into a basinal depocenter.
40- 50 k' at shallower horizons. Seismic control:  Extensive seismic control of channels - sparse seismic data over depocenter.
Hydrocarbon potential: 800 MMBO. ‘Waterdepth : 147 m to depocenter
Source rock: Shales of Late Jurassic - Early Cretaceous age are expected to be ? ) .
pregsn, nnadiatsly 5 the south whers his ssction s thick and malirs. Sourcerock: Mature mid - ate Cretaceous source rocks are expected to e deeply buried nthe
Reservoir rock: Marine sandstones or sands associated with the Tugela River may be present. depocentre area.
Additional reservoir possibiliies include turbidite sandstones in the section draped Reservoirrock:  The conduits exhibit a bright seismic character closely associated with the base of the channels,
over the horst. suggesting the presence of alag depos

Interbedded turbidite sandstones and bathyal shales, with differential compaction drape
over the horst block comprising combined structural-stratigraphic traps.

Trap typ
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8 WBoAT 5 The Lion lead is a
stratigraphic trap
consisting of an extensive
late Cretaceous basin
floor fan complex that has
been tiited o the east
Well and seismic data
suggest the Lion basin
floor fan complex is sand
prone, and lies above the
Cenomanian
unconformity.

The Jc-B1 well drilled 1.5
km updip intersected 17
m of sandstone at this
stratigraphic level, which
exhibited a minor gas
show.

Geologic setting: Lowstand basin floor fan complex, above the Cenomanian / Turonian boundary.

Prospect type: Basin floor fan pinching out against basin slope
Water depth: 75200m
Area of closure: 300 km*

Potential thickness: 325m

Hydrocarbon potential: Approximately 3000 MMBO in place if filed, assuming 50% net /gross.

Source rocks: Probable source rock of Late Jurassic - Early Cretaceous age, below and to the south.

Regional faults provide good migration pathways.

Well and seismic data suggest the Lion basin floor fan complex is sand prone. The Jo-B1

well driled 1.5 km up-dip intersected 17 m of sandstone which exhibited a minor gas show.

Trap type: Stratigraphic

Timing: Reservoir deposition and stratigraphic trap formation preceded source rock maturation and
hydrocarbon expulsion.

Reservoir rock:

Conclusion

The Tugela Area comprises a large under-explored area off the east coast of South Africa which exhibits
promising exploration potential. Existing identified leads, play concepts and prospective structures
with a total hydrocarbon potential in the multi-billion barrel range, make further exploration of these
blocks imperative.
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wooweoe| The Tugela Licence Area,
comprising 48798 km’, contains 14
exploration licence blocks 2500 km"
inareal extent, and 8 partial blocks.
hmaghor R The area is situated in the Durban
: Basin and southem part of the
Zululand Basin, offshore from the
South African east coast at the
Tugela River mouth and the ports of
X ] Richards Bay, Durban and Port
aswasely el i Shepstone.

It extends from the shoreline in the
west o more than 3000 m in the
south east. With sparse seismic
coverage of 7000 km and only four

SOUTH = AFRICA |

wells, the numerous leads that have

somo been identified make this an

A exciting, under-explored frontier

= area easily accessible to oil

- omtioie PP refineries at Durban, and oil and gas.

R cwomoermoromnoun pipelines connecting to an existing

e el market centred in Johannesburg,
[ osicocen AR Afficals largestindustrial centre.

Tugela Licence Area offthe east coast of South Africa showing the following leads:
® DolphinLead @ TigerLead ® CamelLead
 LionLead Oligocene Lead

‘The Durban and Zululand basins, located on the eastern continental margin of South Africa, developed during the Jurassic:
toearly Cretaceous break-up of Gondwana.

“The geology of the Durban Basin is dominated by the Tugela Cone, a large constructional delta that extends across the shelf
to water depths of 3000 m. Two sediment growth phases are present, one related to synrift and early drift sediment
supply, the other to a renewal of progradation in the Tertiary. Prospective structures, leads and play concepts associated
with the Tugela Cone are clearly evident on sparse seismic data. Some examples are ilustrated in this brochure.

The hydrocarbon potential of the offshore Durban and Zululand basins has been tested by only four wells. Jc-81 (1989)
exhibited a minor gas show and Jc-D1 (Phillips, 2000), although classified as a dry well has provided the first evidence for
anactive petroleum system.

Fiuid inclusion studies of Jc-D1 samples provide evidence for the presence of seeping light hydrocarbons. An extract from
the same interval yielded lightly biodegraded oil. Fluorescence was also observed. The basal section of the well is
characterised by bitumen staining and fluorescence. An extract from this intervalyielded light oil apparently derived from a
distal marine source rock of Kimmeridgian age.




[image: image3.jpg]In the northern and central part of the basin, aggradation during the fifth Super-sequence was
contemporaneous with the development of a spectacular gravity faulting and toe-thrust complex
within the slope environments. In the southern part of the basin, the gravity faulting and toe-thrust
complex is developed in the Tertiary succession, the bulk of which was deposited beyond the
Cretaceous shelf breaks, and much thicker in the south than the north
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Schematic geological cross section through the central Orange Basin (after Jungslager,1999)

PROSPECTIVITY

Source is expected to be regionally well developed (van der Spuy, 2003), potentially comprising the
westward extension of the Barremian and Aptian source shales.

Reservoir is expected to comprise submarine fans and turbidites, sealed by slope- and / or basin
mudstones.

Distribution of Aptian source rocks in the
Orange Basin

On the shelf in the main depocentre of the basin,
deeply buried source rocks are well within the gas
window, but the postrift sediments thin towards
the west. Burial history modeliing shows that
deeper into the basin, early Cretaceous source
racks are likely to be in the oil window. Based on
trends observed in boreholes, these source rocks
improve in quality as you move away from
sediments influenced by continental river system
deposits. So with the thinning of overburden
sediment and the general improvement of source
rock quality to the west, the deepwater areas could
well an oil province.

From: Jungslager, 1999

The following plays have been identified from the sparse seismic coverage within the licence area:

Toe-thrusts and anticlines:

Deepwater fan systems could act as
reservoirs in the Upper Cretaceous,
with trapping provided by the toe-
thrusts and anticlinal structures.

Late Cretaceous growth-fault
rollover:

Large listric faults detaching on a
decollement surface can be seen on
this seismic ine. Associated with this
are encouraging high amplitude
events within the growth strata.





[image: image4.jpg]Upper Cretaceous basin floor fan.

Upper Cretaceous basin slope
fan and channels.

CONCLUSION

Exploration of the shelf has proven the existence of two working petroleum systems and gas and oil
discoveries in the Orange Basin. The sparse data coverage o the west of the shelf reveals many
exciting structures and amplitude anomalies and indicates that viable deepwater oil plays are present
inthis large and un-drilled Deepwater Licence Area.
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INTRODUCTION

The Orange Basin Deep Water Licence Area
covers an area of 43000k’ It is bounded to the
north by the international border between Namibia
and South Afica, to the east by currently leased
acreage, constrained to the south by the -33° ine
of latitude, and to the west by the 14°E longitude
line. Water depth ranges from 2000m along the
north-eastern boundary to 4000m in the south-
west corner of the area.

i i 3 § § i i
Location of the Orange Basin Deep Water
Licence Area off the South African west
coast.

Licence blocks are quarter-degree by quarter-
degree squares, defined in latitude and longitude
according to the WGSB4 ellipsoid. The licence
blocks ( or parts thereof) incuded in the area are as
follows:

3013; 3014; 3015; 3113 ;3114; 3214; 3215;
3216.

The current seismic database of the area consists of
3124 km of migrated stack 2D data in Seg-Y format
that range in vintage from 1987 to 2002. Forty
exploration wells have been drilled in the basin south
ofthe Namibian border, but none in the licence area.

REGIONAL GEOLOGY

South Africa’s west coastis a divergent volcanic margin
underlain by a rift basin complex of Late Jurassic to
Hauterivian age. It consists of an inner and outer zone
of predominantly coast parallel half graben, of which
the latter extends westward into a marginal ridge and
beyond into a series of wedges of seaward dipping
reflectors. The synrift succession of one of the inner
graben tested, contained lacustrine source rock and
yielded an oildiscovery.

A Hauterivian age unconformity separates the rift
geology from that of the post ift period.

The post rift section comprises a massive complex of
delta sediments of more than 8000 m thick in places,
which was transported into the basin by the westward
flowing Oliphants, Berg and Orange Rivers and their
related proto-river systems. Five Super-sequences
have been identified within the post rift Cretaceous
succession, bounded by second-order Type 1
unconformities and characterised by major cycles of
transgression and regression.

The first of these comprises siliciclastic continental and
shallow marine sediments interbedded with basaltic
lavas. The succession represents a late Hauterivian to
early Aptian transgressive period, with marine incursion
progressing from west to east across a ramp shelf, as
the narrow basin opened up from the south. Numerous
wells have intersected Barremian source rocks to the
east of the licence area, ranging from tens of metres of
gas prone clay stones in the south to over 100 m of
originally il prone source rocks in southern Namibia,
The succession includes the gas charged Barremian
aeolian sandstones of the Kudu gas field located just
north of the South Africa - Namibia international border.

By the early Aptian the margin was fully flooded,
marking the onset of the principal passive margin
drifting phase, during which the second to fifth Super-
sequences were deposited under conditions of relative
sea level falls and erosion, followed by flooding and
either progradation or predominant aggradation
(Brown et al, 1995).Gas charged fluvial and deltaic
sandstones make up the Ibhubesi gas field within the
Albian succession beneath the present shelf just south
of the South Africa - Namibia border. The periodic
flooding events gave rise to the development of source
rock sequences in the Aptian (thick, good quality, oil
and wet gas prone), Albian to Cenomanian(thin, poor
quality, gas prone), and Cenomanian toTuronian (gas
prone) intervals, all of which have been intersected by
numerous wells within the basin.
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For further information please contact:

Luis Prazeres
Executive Director

National Petroleum Agency
Av. Das Nagoes Unidas
Caixa Postal N° 1048

Séo Tomé, STP

Tel: +239 226 940

Iprazeres @iol.pt
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For further information, please contact:
PETROCI,

Immeuble les Hévéas - 14, Boulevard Carde - BP V 194 Abidjan
Attn: Mme Abibatou BEMA / Mr. Pierre NOUAMA

Tél: (225) 20 20 25 00 / Fax : 20 21 68 24

Email: abema@petroci.ci / pnouama@petroci.ci





UGANDA(烏干達)
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The Government of Uganda has defined nine
Exploration Areas (EAs) in the Albertine
Graben as shown in Figure 20 These EA's
comprise of the following sizes:

Exploration Area 1 4285 Sq.km.
Exploration Area 2: 4675 Sq. km.
Exploration Area3A: 1991 Sq. km.
Exploration Area 3B: 2666 Sq.km.
Exploration Area3C 3595 Sq.km.
Exploration Area 3D 1,112 Sq. km.
Exploration Area 4A 3812 Sq.km.
Exploration Arca 4B 2021 Sq.km.
Exploration Area 5. 6040 Sq. km.
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Figure 20: Exploration Areas in the Albertine Graben

Out of these nine Exploration Areas, Exploration
Area 1 was licensed to Heritage Oil and Gas Ltd.
(Heritage) and Energy Africa Lid (now Tullow
Qil) in July 2004. Exploration Area 2 was
licensed to Hardman Resources Ltd and Energy
Africa Ltd in October 2001. Exploration Area 3A
was re-licensed to Heritage and Energy Africa
(now Tullow Oil) in September 2004 In
September 2005, Neptune Petroleum Ltd. (now
Tower Resources), acquired exploration rights
over Exploration Arca 5. Exploration Areas 3B,

3C, 3D and 4A are available for licensing,
Licensing Regime

Petroleum Exploration and Production activities
in Uganda are carried out under the Laws of
Uganda, 2000 Chap. 150, Petroleum (Exploration
and Production) Act. Under this law,
Government grants  exclusive  rights  for
exploring and producing petroleum in any
licensed area. The size and location of the
acreage to be included in a Petroleum Sharing
Agreement (PSA) will be settled by negotiation.
An exploration license is awarded for a period
not exceeding 8 years, divided as follows: Initial
exploration period not exceeding 4 years, a first
extension period not exceeding 2 years and a
second extension period not exceeding 2 years.

Mandatory relinquishments will be expected at
the end of each exploration period. This should
not exceed 50% after the first period and less or
equal to 25% of the original area after the
second period. At the end of exploration, a
development plan is presented and a
production license can be awarded for 25 years.

Work Programme

Government recognises that an applicant may
wish to apply for one or more EA’s. The
acreage awarded will depend on the work
program  proposed. In  granting licenses,
Government will be seeking commitments for
seismic data acquisition and an early well. The
framework for the work programme is
formulated in the model PSA. The actual work
obligations are finalised by negotiation
Government attaches much importance to early
drilling in the exploration phase and priority is
accorded to work programmes which
emphasise the early drilling of wells to a depth
adequate to evaluate a significant portion of the
prospective section, both syn-rift and pre-rift.
Work commitments also have to be tied to a
‘minimum expenditure commitment.

Fiscal / Economic Terms
Government secks a fiscal program, which
will achieve the following two objectives:

1. Encourage investment from petroleum
companies for a wide range of potential field
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2. Ensure that the State achieves an  equitable
benefit from any oil reserves while satisfying
the first objective above.

In order to achieve the above objectives, the
fiscal regime is structured in the ~ following
manner:

+Government receives a royalty from gross
petroleum production within the Contract
Area.

*Allexploration, development and
production expenditures incurred by the
Licensee are to be recovered from an agreed
percentage of oil and/or gas  production
after deduction of the royalty.

*After the recovery above, a Government and
Licensee split (Production share), which  will
be negotiated, will apply on the remaining
production =

*The licensee will pay tax on its share of
production in accordance  with the law.

Government is open to the consideration of
alternative proposals

Suspension in Licensing

Commencing  April 2006 when the process of
formulating a National Oil and Gas Policy for
the country started, licensing was suspended. A
new National Oil and Gas Policy was put in
place during February 2008. The Policy
recommends competitive  bidding for
subsequent licensing in the country. The Policy
also recommends putting in place a new
regulatory and institutional framework for the
country. This is currently being undertaken and
licensing  will commence when the new
framework is put in place.

The potential market for any petroleum
produced in Uganda is mainly constituted by:
Western Kenya, Southern Sudan, Uganda,
Northern and Western Tanzania, Burundi,
Rwanda and Fastern Democratic Republic of
Congo. This region has an estimated population
of 150 million people. The total oil products
consumption for this region is estimated at over
Smillon tonnes per annum  (Figure 21).
Considering that Uganda is a member of the

MARKETS AND POSSIBLE
TRANSPORT ROUTES

Common Market for Eastern and Southern
Africa (COMESA) and the Preferential Trade
Area (PTA), most of whose members do not
produce oil, the market for petroleum products
could be even bigger.

A product pipeline which runs from the Mombasa

POPULATION AKD OLPRODUCTS CONSUMPTION N EASTANO CENTRALATRCA.

Figure 21: Population and Energy consumption in East
and Central Africa

refinery to Eldoret and Kisumu in Western Kenya
exists in the region. A study for the extension of
this pipeline from Eldoret to Kampala has been
completed. Feasibility studies for the extension of
this pipeline from Kampala to Kigali, Rwanda and
on to Bujumbura in Burundi are also planned.
Uganda pipeline if this is considered economic.

‘The existing railway and road network (Figure 22)
provides alternative means for the transportation
of any refined petroleum products, although some
of the existing railway lines require significant
improvement.
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[image: image15.emf]
[image: image16.jpg]Legend

L.

Y oiland Gas
(I 2009 Calis for Bids

Exploration Licence

Significant Discovery Licence

B Exploration Permit
I Mesozoic

Upper Paleozoic

Lower Paleozoic

Sydney- .\
\Basin.
My

Offshore
Opportunity

2009
Calls For Bid





[image: image17.jpg]Call For Bids NL09-01

Legend

hon Licence.

iscovery Licence

bon Licence

[FE Mesczoic Basin

Call For Bids NL09-02

£ I

Courtesy of GSC Atlantic

Legend
F 2000 Calfor B
Exploraton Licence

[ Mesozoic Basin
Upper Paleozorc Basin

Legend

* oisca

Line

2009 Call for Bids

Exploration Uicence

Joration Permit




                              
IRELAND(愛爾蘭)
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POLAND(波蘭)
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Ministry of the Environment
Department of Geology and Geological Concessions

m 3 ul. Wawelska 52/54

| 00-922 Warszawa; POLAND
J phone: +48 22 579 2335
Ministry of the Environment fax: +48 22 579 2460

http: [.[www.mos.g' ov.pl[(ig;. kg

Polish Oil and Gas Company
ul. Kasprzaka 25
é 01-224 Warszawa; POLAND
P G N’ G phone: +48 22 583 5434
fax: +48 22 583 5849

Pobsile Cernictvo Naftows

http://www.pgnig.pl

Polish Geological Institute
ul. Rakowiecka 4

00-975 Warszawa; POLAND
phone: +48 22 849 5351

fax: +48 22 849 5342
http://www.pgi.gov.pl





  Namibia(納密比亞)





NICARAGUA(尼加拉瓜)
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開放礦區位置
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