
� � 作者简介:巫芙蓉, 女, 1971 年生, 高级工程师,硕士; 主要从事于储层和地震解释方法研究工作。地址: ( 610213)四川省成都市

双流县华阳大道一段 1 号。电话: ( 028) 85608216。E�mail: w ufur ong_sc@ cnpc. co m. cn

AVO属性在致密砂岩储层流体检测中的应用

巫芙蓉
1 � 李亚林1 � 王 聃1 � 陈浩凡1 � 姚明伟2

1.川庆钻探工程有限公司地球物理勘探公司 � 2. 长江大学地球科学学院

� � 巫芙蓉等. A V O属性在致密砂岩储层流体检测中的应用.天然气工业, 2011, 31( 5) : 55�57.

� � 摘 � 要 � 四川盆地WD 区块低平构造上的W D7井在上三叠统须家河组二段获工业性气流并稳产了 20 多年,证实

了该区具有巨大的勘探潜力。然而,依据该井地震响应模式相继钻探的WD8 井、WD11井等测试产水,给后续钻探井位

的部署带来了不确定性因素。因此,对该区砂岩储层的气水预测显得尤为重要。为此,利用流体替换、A V O 正演模拟方

法,提取了多种 A V O 属性,通过 3 种 A V O 属性分析,认识到截距* 梯度属性可以区分须二段上部薄砂岩储层的含水和

含气特征。进而采用三维叠前时间偏移获得的高质量 CRP 道集, 提取截距* 梯度属性数据体, 预测了须二段上部致密

砂岩储层的含气区分布,并提交了 2 口建议井位, 经钻井检验, 预测结果与实钻吻合。该方法对类似地区致密砂岩储层

的气水识别具有一定的指导意义。
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1 � 地质背景

� � 四川盆地蜀南 WD区块上三叠统须家河组二段

岩性为砂岩、泥岩互层,主要目的层为须二段上部的砂

岩,埋深介于 2 000~ 2 100 m , 砂岩储层单层厚度为

1~ 5 m, 累计厚度介于 10~ 20 m。储层孔隙度主要分

布于 8% ~ 10%之间; 渗透率一般介于 0. 1~ 0. 5 mD,

属于典型的低孔隙、低渗透、致密砂岩储层[ 1�4]。须二

段上部砂岩顶界与须三段泥岩接触, 底界与须二段内

部的一套 8~ 10 m 厚的页岩直接接触(图 1)。

� � 本项目工作开展前该区共钻遇目的层 4 口井, 4

口探井基本上均能钻遇储层(孔隙度大于 8%) , 但砂

岩储层的含流体性质差异较大, 1口井获工业气流, 2

口井测试产水, 1口井测试干层。2口产水井构造海拔

位置均高于气井。构造的高低关系无法解释该区块

气、水井分布的原因。振幅、频率、吸收系数等叠后地

震动力学信息, 均无法表征 4口井的含气性差异。

� � 由于WD 区块部署了高覆盖次数的宽方位三维

地震,最大偏移距 2 922 m, 目的层最大入射角接近

30�左右,为在该区块开展AVO属性来对该区气水分

图 1� 研究区储层电性变化特征图

布情况进行预测奠定了基础。

2 � 流体替换及 AVO 正演模拟

� � 通过一种含流体饱和岩石的弹性参数, 利用 Biot�
Gassmann方程,计算另外一种含流体饱和岩石的弹

性参数,从而分析不同流体性质对弹性参数的影响,这

就是流体替换技术。

� � 研究区仅 WD8 井有阵列声波测井, 纵波、横波、

密度资料齐全, 为了了解该区不同流体性质对弹性参
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数、地震响应特征的影响, 采用流体替换方法对 WD8

井深度 2 000~ 2 020 m 段上部储层进行流体替换,分

别将目的层段替换成含水饱和度为 100%、85%、

65%、45%、25%、5%的流体。

� � 利用上述流体替换结果, 采用 Zo eprlit izz方程,进

行 AVO动校道集的正演模拟(图 2)。储层对应图中

所示的黄色段。从定性分析来看, 无论是储层顶界还

是储层底界振幅(绝对值)均随着偏移距增大而增大。

图 2 � WD8 井 AVO正演道集图

3 � AVO 属性分析

3. 1 � 梯度分析

� � 对储层顶界的振幅进行拾取, 其结果见图 2。可

以看出:上部储层含流体后,振幅(绝对值)均随偏移距

增加而增大,但振幅变化的幅度有所不同,含气比含水

振幅增加的幅度更大。

� � 对 AVO 正演道集提取梯度属性, 其梯度属性值

变化见表 1。储层含气后梯度(振幅变化率)比储层含

水后高 55% ~ 97% ,显然梯度属性可以区分气水层。

从表 1中还可以看出: 梯度变化虽然对气层、水层敏

感,但对含气饱和度的大小不敏感。

表 1 � AVO属性变化表

含水饱和度 100% 85% 65% 45% 25% 5%

梯度值 - 0. 142 - 0. 220 - 0. 240 - 0. 260 - 0. 275 - 0. 280

P * G 0. 006 0. 015 0. 016 0. 016 0. 017 0. 018

3. 2 � P�G 属性交会分析(截距 � 梯度交会分析)

� � 图 3是WD8井正演模拟道集的 P�G 交会分析结
果,其中右边小图中橙色和红色区就是建立的气层顶、

底识别模版。图 3中 WD8井储层段在 CDP1 � CDP5

含水饱和度为 100%、CDP6 � CDP10 含水饱和度为

85% ,以此类推每 5个 CDP 点含水饱和度减小 20%,

至CDP26 � CDP30储层段含水饱和度降至5%。P�G

图 3� WD8井不同含水饱和度模型图
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交会分析结果表明: 含气层与水层可以通过 P�G 交会
分析加以识别, 但 5% ~ 45%含气饱和度的储层与含

气 65% ~ 85%的储层之间的 P�G 差异很小。
3. 3 � P* G 分析(截距* 梯度属性分析)

� � 图4是WD8井正演模拟道集的 P* G属性剖面,

剖面下方为储层顶界的 P* G 值, 随着含水饱和度的

降低, P* G 值逐渐升高, 具体 P* G 的变化见表 1,气

层 P* G绝对值大于水层, 储层含气后 P * G 比储层

含水后高 150% ~ 200% ,显然 P * G 属性相对于梯度

属性对气水层更为敏感。与梯度属性一样, 5% ~

图 4 � WD8 井 AVO正演模拟获得的 P* G剖面图

45%含气饱和度的储层与含气饱和度 65% ~ 85%的

储层之间 P * G 的差异很小。

4 � 流体检测

� � 模型正演结果表明: 梯度属性、P�G 属性交会分
析、P * G 属性可以区分气层、水层,但 P * G 属性是区

分WD区块气层、水层的最佳属性。

� � 对WD区块宽方位三维地震资料进行了保真叠

前处理, 获得了高质量的 CRP 道集,在此基础上进行

AVO处理, 提取了 P * G 属性,利用该属性可以判别

储层的含气性, P * G 属性值大区(红色)是含气概率

高值区。图 5是分别截取了井附近的须二段储层 P *

G平面分布图,图中暖色调代表 P * G 值大,指示可能

的有利含气区分布, WD7井(气井)位于 P* G 相对高

值的红色区域内, WD8 井、WD11井(水井)、WD2井

(干井)位于 P* G 相对中低值区域内, 该属性很好地

解释了 4口井的含气性差异。下一步钻探目标可以根

据预测结果在红色区域进行布井,建议井 J1井和 J2井

均位于 P* G相对高值的红色区域,经钻井检验, 2口井

分别获得 8. 2 � 104 m3 / d、92 � 104 m3 / d的工业气流。

图 5 � P* G属性平面分布图

5 � 结束语

� � 充分利用叠前 AVO 属性信息, 可以解决叠后方

法所不能解决的气水识别问题,预测含气有利分布区,

降低致密砂岩储层的勘探风险。但是笔者认为 AVO

属性的应用好坏与地震资料的保真处理密切相关。另

外,笔者仅对气层、水层的检测工作进行了研究,但该

方法对含气饱和度的大小不敏感, 下一步还需要研究

分析对含气饱和度大小敏感的属性。

参 � 考 � 文 � 献

[ 1] 巫芙蓉, 邓雁, 梁虹, 等. 川南河包场构造须二段有效储层

地震预测[ J] .天然气工业, 2007, 27( 6) : 52�53.

[ 2] 巫芙蓉, 李亚林, 王玉雪, 等. 储层裂缝发育带的地震综合

预测[ J] .天然气工业, 2006, 26( 11) : 49�51.

[ 3] 陈国民, 刘全稳, 徐剑良, 等. 蜀南地区须家河组天然气赋

存地质条件[ J] .天然气工业, 2006, 26( 1) : 40�42.

[ 4] 魏国齐, 杨威, 金惠, 等, 四川盆地上三叠统有利储层展布

与勘探方向[ J] .天然气工业, 2010, 30( 1) : 11�14.

(修改回稿日期 � 2011�03�09 � 编辑 � 韩晓渝)

�57�第 31 卷第 5 期 � � � � � � � � � � � � � � � � � � 地 � 质 � 勘 � 探 � � � � � � � � � � � � �



Natural Ga s Industry , V o l. 31, Issue 5, 2011

reg ional seismic tr acing, it is believ ed that the distributio n area of so urce r ocks in the Queerqueke F or mat ion is up to 50000 km2 .

Hy dr ocarbon�source cor relation r ev eals that some of the oil/ gas in the T adong area is derived fro m the so ur ce ro cks in the Q ueer�

queke Fo rmation. Caohu in the no rthw est, Y ingdong in the nor theast, and Gucheng in the So uthw est have well�developed so urce

rocks with moder ate ther mal matur ity ar e fav orable ar eas fo r hydro car bon accumulatio n. I n the Cao hu and Gucheng ar eas, the Cam�

br ian�O rdov ician play w ith an area of 8000 km2 has larg e tr aps of reef�sho al type and are laterally in direct contact w ith the so urce

rocks, t hus hav ing g reat possibilities o f discover ing lar ge litholo gic carbonate reservo ir s. It is thought t o be po ssible to disco ver mod�

er ate�small secondar y hy dr ocarbon reserv oirs in the Y ingdong area, w her e sever al reservo ir�seal combinations occur in the Jurassic

and Silur ian clastic ro cks and fault ed anticline tr aps and so ur ce faults are both well developed.

Key words: T arim Basin, M iddle�L ate O rdovician, Q ueer queke F or mation, source r ock, distr ibution cha racteristics, seismic str ati�

g raphic interpretat ion, o il�so urce co rr elation, ex plor ation potential
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Abstract: Pr evio us r esear cher s have studied the pro cess of hydro carbon po oling in Y akela faulted uplift of t he T arim Basin and pr o�

posed various hy dr ocarbon poo ling models. H ow ever, the timing o f hy dr ocar bo n pooling is g ener ally based on qualitat ive analy sis o f

po oling conditio ns. M or eo ver , the differences of hydro ca rbon m igr atio n fr om different so ur ces have not been acco unted in the estab�

lishment o f ca rr ier patterns. F or this reason, 177 fluid inclusion samples f rom 26 w ells wer e sy st emat ically analy zed and the hy dr o�

car bo n poo ling pr ocess w as discussed in combinatio n with hydro car bo n g enerat ion and ex pulsion histo ry, ther mal ev olut ion histo ry

and carr ier sy stems. T he fo llow ing co nclusio ns ar e o btained. 1) Carr ier systems of "fault�co nnecting" type are common in t he study

area due to the super imposition o f multiple tectonic movements, prov iding no t only pathwa ys fo r ver tical mig r ation of hydrocar bo ns,

but also favor able conditions for the format ion of secondar y hydr ocarbon r eser voirs. 2) H ydro ca rbon cha rg ing mainly occur red in 3

stag es, including 14� 5 M a ( millio n year s ago ) , 5� 2 M a ( million y ea rs ag o) , and 2� 0 M a ( million y ears ag o) , of which the second

stag e is the major o ne. 3) H ydro carbon po oling mainly occur red in the middle�late H imala yan, a relat ively lat e time fo r hydro ca rbon

accumulatio n, and are featured by continuous and rapid char ging . A comprehensive study o f poo ling histor y r eveals that t he hy dr o�

car bo n charg ing and the facto rs contro lling hydr ocarbon po oling ( such as hydrocarbo n generation and expulsion history, traps and their

sealing conditions as well as the "fault�co nnected" carrier systems) matched well both temporally and spatially in this study area.

Key words: T ar im Basin, Yakela faulted uplift, " fault�connecting " carr ier system, hydrocar bo n pooling, car rier sy stem, poo ling pat�

ter n, inclusion, fault
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Abstract: Since achiev ing an industrial g as f low fro m the second member o f t he U pper T r iassic X ujiahe Fo rmatio n 20 y ea rs ago , the

well WD7 drilled in the Block WD of t he Sichuan Basin has been under steady pr oductio n, v er ify ing t hat gr eat explorat ion potential

ex ists in the study ar ea. H ow ever, the follow ing wells of W D8 and WD11 drilled acco rding t o the seismic r esponses from the WD7

well start ed to pr oduce w ater, making it uncer tain to emplace successive w ells. T her efor e, the accur ate pr ediction o f o il and g as dis�

t ribution in the sandsto ne reserv oirs in the study area is especially impor tant. F luid replacement and A VO forw ar d modeling methods

are used to ex tr act sev eral AV O attributes. A mong three metho ds of A V O attr ibute ana lysis, t he P + G attr ibutes are prov ed to be

effective in detecting the w ater�bearing and g as�bearing pr operties in the thin sandstone reservo ir s in the upper part of the second

member of the Xujiahe F ormat ion. T he high�quality CRP g athers obtained thro ug h 3D pr estack time mig ratio n ar e used to obtain the

P + G att ributes, w hich is then applied to the pr ediction of g as�bear ing zones. T w o w ells are pro po sed based on the predictio n re�

sults, which are v erified by the dr illing data. T his metho d can be popularized for the det ection of wat er and g as zones in tight sand�

sto ne r eser voirs in similar ar eas.

Key words: seismic ex plo ratio n, A VO , f luid replacement technique, g as/ w ater detect ion, tight sandstone, r eser voir, Sichuan Basin
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Abstract: T he Pug uang G as F ield is cha racterized by com plex to pog r aphy, deep burial depth, fast sedimentar y facies t ransition, and

abundant edge water . T o ensure the hig h�efficiency develo pment o f this gas field, the o ptimal desig n methods have been discussed for

ho rizontal w ells after the feasibility of hor izo nt al well development is verified. F ir st of all, according to the technical and econom ic in�

dexes such as the minimum thickness o f the encountered pay zone, which is calculated by use o f the co nt ribution marg in analysis, the

locations f or disposing hor izontal w ells are determined. Aft er that , acco rding to the geo log ical mo del o f a single w ell, the pr oduction

relat ionship betw een hor izontal and vertica l w ells is established and the length of ho rizontal sect ion is optim ized. Finally , with the

reservo ir distr ibution, structural tr end, pattern well spacing, and g as/ w ater relations taken into co nsiderat ion, the w ellbore trajecto�

r y is o pt imized. T his study show s that the development o f t his g as f ield can be im pr oved by ado pting ho rizontal well dev elo pment at

the distr icts w ith relat ively thin lay ers or ar ound the g as w ater boundary . T he optimal leng th o f ho rizontal sectio n is desig ned as 400

� 600 m and the tar gets� and � ar e about 10 m aw ay fr om the top and botto m of the gas pay zo ne r espectively. T his technique has

show n such a better per for mance in practice during the desig n of development w ells at the Puguang Gas F iled as to be used as a r efer�

ence when developing similar gas reser voirs in the futur e.

Key words: Puguang Gas F ield, development, hor izontal w ell, technical and economic limits, optimal design, pr oduction capacity,

wellbor e trajecto ry optimizatio n
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