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Preface

Deep basin gasis a type of gas accumulation with new mechanism discovered at high exploration
degree. The gas is of great significance both in theory and practice. Dozens of basins bearing deep basin
gas have been currently found worldwide, which are concentrated in North America where the exploration
" degree is relatively high. More and more deep basin gas is found in South America, Europe, Asia,
Australia and even Africa, too. The study of the deep basin gas accumulation is a long — term and
difficult project, which has been substantiated abroad. Researching the accumulation and distribution for
deep basin gas has become more and more important in terms of science and has a broad prospect for
application owing to the special accumulation mechanism, the magnitude of resources, the variety of
existing forms and the complexity of distribution law.

Canada and United States are two countries in which deep basin gas or basin - centered gas
accumulations have been successfully developed. Up to now, there are more than 10 opinions to illustrate
the accumulation mechanism of this kind of gas, each of which will bring particular explanation and
different application for the predication of deep basin gas accumulation. However, it is a non — avoided
problem for the general phenomenon of water over gas to be reasonably interpreted and represented
characteristics of deep basin gas to be expatiated. Most deep basin gas and conventional gas
accumulations distribute respectively in the deep basin and shallow basin to consummate the geological
distribution law of natural gas. Occurred within the tight sand reservoirs, exploration for deep basin gas
accumulation should turn into deeper part of depression in search for sweet points. Therefore, it will save
a great deal of time and money to predict timely and accurately the favorable distribution of deep basin gas
accumulations before confirmation of its existence by drilling exploration many wells.

Compared to the basins abroad, complicated petroleum geological characteristics in China basins will
inevitably cause more complicated issues concerning deep basin gas accumulation, which need to be
brought under further studies. Since the theoretical analysis and exploration application on deep basin gas
started not long ago in China, it is still a new field open to various opinions and disputes over the
assessment of the deep basin gas prospects. There are still a lot of issues to be further settled of deep
basin gas accumulations on standards for distinguishing identification, perfection for model
characteristics, reasonability for distribution prediction, and systematization for exploration assessment.

Deep basin gas in China has experienced two decades since the conception was introduced into the
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country . The early stage marks introduction of the deep basin gas conception and preliminary study in this
discipline. When J. A. Masters visited Chengdu Geological Institute for academic exchanges in 1980,
China experts initially came up with the possibility that deep basin gas might exist in Western Sichuan
and Ordos Basins. Studies at this stage were featured with geological analogical analysis for prediction of
regional basins, when the different researchers completed investigation or analogical analysis reports and
started China’s deep basin gas study. With the progress in Upper Palaeozoic exploration in Ordos Basin
and the further breakthrough on natural gas in China, two convéntions have been hold in China making
the substantial progress in the country’s deep basin gas studies. With the rapidly enlarged scope of
predicted deep basin gas in China, deep basin gas accumulations have been seen significant development
in experiment, exploration, production, and theoretical study in recent years.

The authors of this book have done a large quantity of research work in the deep basin gas field,
which is an important part of China’s deep basin gas studies. The deep basin gas study is a systematic
project in China involving hardworking of many researchers. Based on the scientific attitude, the authors
have always taken the correctness and reasonability of the conclusions drawn from their studies as the sole
standards. The research results they have achieved in the theoretical study of deep basin gas
accumulation, experimental analysis and application practice have been accepted at different levels.
Therefore, their works have actively promoted the deep basin gas study in China.

Focusing on experimental analysis, theoretical study and geological prediction, this book elaborates
systematically the accumulation mechanism, distribution laws and exploration methods for deep basin gas
accumulations . Compared to other studies both at home and abroad, the book also comes up with a series
of creative principles and techniques for exploration and prediction of deep basin gas accumulations. That
is the reason why I recommend this valuable book focusing on China’s deep basin gas study and I am

convinced that readers will be much benefited .

Dai Jinxing
Academician of China ’s Academy of Sciences

December 2003
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Foreword

As a special unconventional type of gas accumulation, deep basin gas has drawn more and more
extensive attention in China since the giant deep basin gas fields were found in Alberta Basin in Western
Canada 1976 and J. A. Master came up with the conception of deep basin gas 1979. Characterized with
magnitude of geological reserves, deep basin gas currently takes the most important position in the
unconventional gas production and reserves in North America, following the order as deep basin gas, coal
- bed methane, shale gas and water — dissolved gas.

Wide application of natural gas is changing the energy consumption structures. With more and more
deep basin gas discovered, it is becoming an important field for oil and gas exploration. As a new kind of
gas accumulation discovered under high exploration degree, deep basin gas is the main form for gas
accumulation in tight reservoirs existing universally in the world. In the opinions of C. W. Spencer
(1989), B.E. Law and Spencer (1993), tight sand gas , or basin — centered gas / deep basin gas exists
nearly in all of oil and gas areas in the world. R.C. Surdam deemed 1999 at San Antonio that basin -
centered gas is one of the hottest targets for exploration in the present - day world (K. Shirley, 1999).
The top interfaces of this kind of gas accumulations represent as a regionally inverted seismic interface,
which is generally 2100 ~ 2800m in the western basins in USA and about 1000m in Alberta Basin in
Canada. He pointed out that about 90 percent of natural gas so far found was normally trapped types, but
90 percent of oil and gas to be found in the future will likely to be deep basin gas. Based on the cognizing
of the mechanically transitional relations between deep basin gas accumulation and conventional ones, we
pointed theoretically out that the existence of deep basin gas accumulations are of extensive significance in
2001. B. E. Law (2002) further pointed out that basin - centered gas or deep basin gas has currently
become the focus of oil and gas exploration. More and more deep basin gas accumulations have been
presently discovered worldwide. They are confirmed to exist in more extensive regions worldwide in
addition to the basins in North America such as Europe and Asia where the exploration degrees are
relatively high. Based on the statistical data by B. E. Law (2002), a total of 70 basins in the world are
found or predicted to occur this kind of gas accumulation, of which 34 basins are located in North
America, 20 in Europe, 9 in Asia — Pacific, 2 in South America, 2 in South Asia, 1 in the Middle East,
and 2 in Africa. Actually, these figures are still on the rise. In China, many basins have great potentials

for deep basin gas accumulation, especially the basins in Middle and Western China. A great deal of
J— 9 —_—



evidences for deep basin gas accumulations have been found in Ordos Basin, Turpan — Hami Basin,
Sichuan Basin and so on. In addition, Tarim Basin, Junggar Basin, Qaidam Basin, Qinshui Basin,
Chuxiong Basin, Songliac Basin, Bohai Bay Basin, Southern North China Basin, Subei Basin, and
Yanqi Basin have also been predicted to exist deep basin gas accumulations.

Theoretical and technological development provides new opportunities for deep basin gas exploration
in China. The prediction of deep basin gas is of great significance to China’s reserve peak of natural gas.
Remarkable achievements in China’s hydrocarbon exploration have been made in the 20th century,
especilly the second half of the past century. However, the current oil and gas exploration and
development is still confronting with a huge pressure of the rapid social and economic development with
the demand growing steadily. The current situation and main issues in China’s oil and gas exploration are
relatively low exploration degree in extensive areas and imbalanced development of the newly found
reserves. It is of great urgency to find the new substitute energy field. The basic tasks facing us are to
increase the discovery rate of reserves and find high — abundance and large — scale oil and gas fields on
the conditions to keep the production stable.

The related study has been brought under way in China since J.A. Masters published his article on
deep basin gas in Western Canada 1979. The early studies on deep basin gas in China were based the
possible existence and geology analogy with Alberta Basin in the basins of Sichuan and Ordos. However,
the main method for assessment on deep basin gas prediction is analogy of the geological conditions
because the deep basin gas accumulation mechanism and conditions remain unclear, seriously impairing
the further assessment on prediction and exploration application. Theoretically, the different opinions
always éxist in the deep basin gas study. There are always two basic opinions in the study of deep basin
gas application in China, one of which is that China’s basins have no favorably geological conditions for
deep basin gas to accumulate and the other is that there is extensive development of tight sand reservoirs
in China’s basins with extensive existence of deep basin gas accumulations. Having made joint efforts to
complete a large quantity of work focused on the deep basin gas reservoir characteristics in Ordos Basin,
Sichuan Basin and Turpan — Hami Basin, Chinese experts made.a great deal of important achievements
later. However, it is necessary to make greater efforts for assessment and discovering more gas
accumulations, further expansion of the deep basin gas exploration field, and reasonable and effective
conversion of abundant deep basin gas resources into production. First and foremost, it is necessary to
theoretically clarify deep basin gas and its accumulation mechanism.

Our works on deep basin gas accumulation started from 1996. During the year from 1999 to 2003,
we applied for and received the support from China Postdoctoral Science Foundation, Innovation

Foundation of CNPC and National Natural Science Foundations of China. In addition, we cooperated with



the nation’s 10th Five - Year Plan to systemize and expand our research work. Starting from 1998, we
conducted the experiments on the deep basin gas accumulation mechanism, including the microcosmic
experiments on two — phase flow, gas — water disconnected and continuous migration model, water over
gas conditions, abnormal pressure evolvement of deep basin gas, and 3D realistic model. The principle
for piston — style migration and typical accumulation of deep basin gas is proposed on the basis of those
experiments. The supplementary experiments on deep basin gas accumulation mechanism were made later
in 2001 shaping the system of knowledge to interpret the accumulation mechanism for deep basin gas. To
confirm the repeatability of the experimental results and the reliability of experimental analysis, we made
analysis to confirm the experiment results later. Further experimental studies are still under way.

A system of knowledge about the deep basin gas accumulation theory has been gradually shaped on
the basis of data analysis and experimental studies since 1997. In the year 1999, the framework of this
book was established. The Project Selection of Favorable Targets for Deep basin Gas Exploration in Taibei
Depression was finished in 2000 with the desirable production results achieved between 2001 and 2002,
making the theoretical knowledge and study methods further matured. This book is shaped through the
efforts for further experimental analysis and theoretical studies in 2002. However, many disputes
concerning the deep basin gas accumulation mechanism and distribution laws remain and need to be
brought under further studies. To ensure the reliability of the conclusions, we repeatedly discussed some
of the conclusions and knowledge in the book from the year 2003 to 2004 and finally decided to publish
‘this book recently .

Based on the study results achieved in the past years and the support from the research projects
supported by the National Natural Science Foundation, this book systematically summarized and analyzed
the results achieved from experimental analyses, theoretical studies and application practices related to
deep basin gas. We provide readers with Accumulation and Distribution of Deep Basin Gas in the attempt
to make contributions to the studies on accumulation mechanism and exploration prediction of deep basin
gas in China. The deadline for the data, basic conceptions and conclusions in this book is the end of
2002.

According to the systematic deep basin gas study, this book is divided into six chapters. The first
chapter discussed the conception and geological models of deep basin gas. Based on the micro process
studies on general characters of deep basin gas from initial migration to preservation, the second chapter
discussed the gas accumulation process by using dynamic analysis principle. The third chapter discussed
the geological conditions and variation characteristics for deep basin gas accumulations. The fourth
chapter systematically summarized and studied the prediction methods and exploration technologies for

deep basin gas. Taking Turpan — Hami Basin as an illustrating example, the fifth chapter predicted the



regional distribution of deep — basin gas accumulations in China. The sixth chapter systematically
analyzed the methods, technologies and strategies for deep basin gas exploration.

We express our gratitude to Professors Zhang Yiwei and Zheng Junmao, Academicians Jia Chengzao
and Dai Jinxing and Dr. Wang Tao. Also to professors from Basin & Reservoir Research Center, Petroleum
University, Such as Pang Xiongqi, Zeng Jianhui, Tang Liangjie, Chen Chonghe, Jiang Zhenxue, Wang
Zhixin , Wang Hongyu et al, members from different projects on deep basin gas accumulations and experts
like Yuan Mingsheng, Qian Ji, Zhang Shihuan, Zhang Daisheng , Song Yan, Luo Xiaorong, Zhao
Yingcheng, Qian Kai, Qi Houfa, Jia Hongyu, Cai Zhongxian, Zhang Yonggui, Zhang Dajing, and
related graduates.

Authors
December 2002 in Beijing
(Revised before publication )



BXARMFELSTHAR

(40272062 ,40172052 ,40472073 ) 3% 5~ 5F 5 % R

Projects 40272062, 40172052 and 40472073 supported

by National Natural Science Foundation of China



1 REsE - Arersetiacatirerasaanee TR T T (1)

1.1 BSHERRBEESHEESIEIIGL -oeeeereeees aereenieteraeeiietrtriearenetaeeerantasanaes (1)
1.2 TEEEATHBITMET -ovvemmmemereee oot e e (4)
1.2.1 MEXE/RIAEEESHEE - e e (5)
1.2.2 EEERINHRKELSHE oo, verrrrnreeeeeeeeaes (6)
1.3 BEASEBILHIFRERIE ---oooooeeeereeorerersmssssomrensistiin et (8)
0 1.3.1 BEESEERE ooeeeerererreeneennes SO cerererennan ererererieeieaieieieeeaaeateaaraeenens (8)
1.3.2 RS —JRIAL oottt (9)
1.4 TREEIBETT R G M eeevrevnrerrreereenmenaniettes ettt ettt (11)
1.4.1 EAMEEETIETF R GHR oo errererrerrmminnnnniiie. R (11)

- 1.4.2 RERESTII BRI RBHETT e (13)
1,43 RSB EN SIHLIEBITIAR -+ veeevveeerrrrressermsssstrnarnsssitermniesnitsanseenisens (15)
1.4.4 BATTBITRELATIIEGT -+ oo evrenvrmmereerrrmmmmme et e ettt e s ettt s e e e et s (17)
1.4.5 TREESFITER Y -vevevereerernmmmnnneemenetteiiiiee ettt st e sttt e sea s nanaae (18)

2 TREESURLIEETIAILIR -+ v evvvvvervesrrenmmnssrstne ettt et ittt ettt (22)
2.1 BRE R R R veeerrerererrsmresrrsinesinrris sttt (22)
2101 BUBRER e e rereerrerireeet sttt te e nanenes (22)
2.1.2 FIREUDHNER --evvrereevmvmnerseemetommmtiiien ittt (25)
2.1.3 FRREGETELUTMATTR oo roevvererermmereettranttinii i (36)
2.2 BESIEREIPIIIB IS o overmvereerormiatittiiiiitiiiiiiiiiciiiiiniiirsnin (38)
12.2.1 HBGETEAERL FT -eeevreermermrenmmennssmennsnniriien ettt (39)
2.2.2 BESREFIVGESHEPLIER oo erreernranan (41)
2.3 BREESURBEA Y UGB RE v verevrrrrrmmeeres o m e (43)
2.3.1 TIRIBIEHIA orererereert it s s e (43)
2.3.2 ACIKHERR +ooveeeerrnreernreaentne e ettt se s sabee s et e (46)
23,3 TUOBRBEN I TEMG oeeereerreerreet et s (56)
2.4 BASBESBPRABIBIBAIBEERIR oo (61)
AL 2481 BULBEN IR eveeereerrrrtrie i e (61)



2.4.2 BUBBERBDIISIRBTBEIEHAR - cveeerrrrremrrrre oo (62)

0 2.4.3 FRESFHABSIEBRUET oo erereererermerere s (63)
2.4.4 SIKITEERRIEIKBI - vrerereeerreeeerees ettt e (64)
2.4.5 SIKEIBRELLEHEIKIBFL -ooreveeererrrrmrarmnimimiii i e ees e (64)

2.5 WASEH AT EATTIRB - vrverreeeee i e (65)
2.5.1 FH eeerererrrammesiirrrnrneinninie e ereereeeeeeeeneee e dee (65)
2.5.2 KRS EBERBH TR reeeeeeoreeens G eeeereiereenenerirntereerr e (66)
2.5.3 BRASBEPIERE U ATHLAR - eeeeererrreeesnsninnte s et (69)

2.6 B G IRAE - rereeeerermememmmmiitie e s e e e e eee e s (71)
2.6.1 TRELEARIEILIY - reroeerorerrrmrsrrrrreneeeeeent ittt reersdree e s sannsrersaeaneeseens (71)

0 2.6.2 BESEHTGEIEII o ooreeeees U S (71)

3 FRESEMEEREBIRRAE o oororevrrerm st e s s se e (74)

3.1 AR Rt oo eeeennnrnnreneente et e et et e e e s e e e aees (74)

© 3101 RS R R AR e veeee et (74)
3.1.2 BESBIERHHTERAE ooveeeerreeriicr s (82)
3.1.3 SRET SR BT Bt o eeerrvrrrreeeerrtinensenseiireree e e s saare e e s (87)

3.2 FASESREHEIET] -ooerrerrrrrerrrereriniiiernenin e RPN (90)
3.2.1 REHBEATFITIIIR  coccrreerecerrmmcrntnertieriiiieeinennneeise e e (90)
3.2.2 TRETSREE B HIIEE FJ v veveverreereeereossommioiinnnnetseteecesanesoesssnsrneenneneessenes (98)

3.3 TREEETHEIRMEAPE +ovvvvvvrermromnreeneresenierne et e e aae et e vrens (107)
3.3.1 JEASAPIE corveeerrrnrmre i et e e et e e e s e e s ebe e e abeaeeenns (107)
3.3.2 MEERAEBEM(BREIAE) AP coereerrerrrreeree e e (108)
3.3.3 YERBIEIRAPIE +oorreerrrrrnrrrrrnrenteeteeie i e e e e e st eeeeeas (109)
3.3.4 JALBTERAPIE oooovvvvvrrmrrrrrrmereeeeeee e e (109)
3.3.5 FEETRAELIFE cooevrerrrrrreeeeeeee e (109)
3.3.6 FEMEHEATTE coorererrrrenrrnrrreeiineitee i et a e e e e s (110)

3.4 VRIS BRBETEFY --vvvevermrrrerreeeermenmmimmiininiateteeeesensieesimsasnneaneeeeeeeseessas (111)
3.4.1 TRELNM cooveeererreerrrnrrrrrrnmnneeereeeteite i et s e s e e s i e st ee e aeeeees (111)
3.4.2 BRI coorrerreereereemnmmmnii e e (117)
3.4.3 BREMEESITEESEEBRIITIE -oovveereremrrmrreeereenirire i eeneneee (119)
3.4.4 JRRESHESEISEERIIIIE - oooerrrrerermrrrrenreensiiiiere i iannieeseeanns (122)

4 FRESFETRMBITY -ooooeoeermmrnrrrrnreeereeiieiminiiiinenee RN (128)

4.1 IS H TR FAFIEIRE] oeeervreerrrererenmnsnieinoienininioeseniiees [T (128)



