
聚合物驱油层吸水剖面变化影响因素

                               陶永峰 

（大庆油田有限责任公司勘探开发研究院,黑龙江  大庆 163712）

摘要：为了改善聚合物驱开发效果，应用数值模拟方法研究了聚合物驱油层吸水剖面变化的影响因素。结果表明，不同渗透层有效厚度比例、油层非均质状况及注入速度是影响吸水剖面变化的几个关键因素。
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中图分类号：         文献标识码：
聚合物驱过程中，吸水剖面的变化反映了油层的动用状况，且中、低渗层吸水剖面改善程度直接影响聚合物驱油效果。通过对大庆油田聚合物驱工业区块吸水剖面资料的统计，发现在注聚合物驱后，少数井吸水剖面没有得到改善，反而层间、层内的矛盾更加突出。有些井在注聚合物初期吸水剖面得到改善，但一段时间后吸水剖面又发生了返转。因此研究吸水剖面变化影响因素可以及时提出治理措施，更充分地发挥聚合物提高采收率的作用【1-2】。

1 不同渗透层有效厚度比例的影响

[image: image1.emf]图1 不同有效厚度比例下低渗层相对吸水量
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应用数值模拟技术研究了低渗层和高渗层有效厚度比例对吸水剖面的影响。研究结果表明，在渗透率级差一定条件下，随着高渗层有效厚度比例增大，低渗层相对吸水量减少，吸水剖面返转时机提前，有效厚度差异大的低渗透层几乎不吸水（图1）。因此在聚驱层系组合时，对于那些厚度比例较小的低渗透层，不应组合到聚驱开发层系中。

[image: image3.wmf]图2 不同油层性质低渗层相对吸水量

0

2

4

6

8

10

0

0.2

0.4

0.6

0.8

1

注入孔隙体积倍数（PV）

相对吸水量（%）�

层间

层内

     
2 油层性质的影响

分层内非均质和层间非均质两种状况来研究油层性质对吸水剖面的影响。从数值模拟研究结果来看，在相同渗透率级差下，聚合物溶液对油层内部的调整好于层间矛盾的调整。这是由于油层内部存在水平渗透率，同时由于没有隔层的遮挡还存在纵向渗透率，因此在聚驱过程中，当高、低渗透层之间阻力系数变化速率不同时，油层产生压力波动，聚合物溶液在油层内部之间发生纵向窜流，有效增加了低渗层的相对吸水量，有利于低渗层剩余储量的动用。

3 注入速度的影响

从数值模拟研究来看，注入速度的高低对采收率提高值略有影响（表1），采收率提高值高、低值差在0.5%以内。注入速度在0.12-0.14PV/a时，中低渗层吸液比例最高，驱油效果最好。注入速度过高或过低时，低渗透层的累积吸水量波动明显，对中渗层影响不大。因此在实际矿场生产过程中，为调整措施提供一定的压力空间，要合理选择注入速度

表1 不同注入速度情况下各层累积吸水量表 

	注入速度

(PV/a)
	聚驱过程中累积吸水量(%)
	采收率提高值(%)

	
	低渗透层
	中渗透层
	高渗透层
	

	0.08
	6.82
	25.08
	68.10
	11.78

	0.10
	7.34
	25.52
	67.14
	11.88

	0.12
	7.64
	25.50
	66.85
	12.03

	0.14
	7.71
	24.87
	67.42
	11.92

	0.16
	4.52
	22.74
	72.73
	11.62


4 结论 
在渗透率级差一定条件下，随着高渗层有效厚度比例增大，低渗层相对吸水量减少；在相同渗透率级差下，聚合物溶液对油层内部的调整好于层间矛盾的调整；注入速度在0.12-0.14PV/a时，中低渗层吸液比例最高，驱油效果最好。
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有效厚度比
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聚合物溶液注入体积（PV）

相对吸水量（％）

图10  不同有效厚度比例下低渗透层相对吸水量
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注入孔隙体积倍数（PV）
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图2 不同油层性质低渗层相对吸水量
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		2647		0.1994520548		0.911		0.8		5.4		3.2		21.6		75.2		96.8		2588		0.1735890411		0.9		6.6		17.5		3.6		26.4		70		2647		0.0997260274		0.93		3.07		8.5		7.44		24.56		68		2588		0.0867945205		0.94		3.06		8.5		7.52		24.48		68		2588		0.1084931507		1.22		3.92		10.48		7.81		25.10		67.09		0.130192		1.52		4.81		12.42		8.11		25.65		66.24		0.151890		1.82		5.71		14.35		8.32		26.10		65.58		2588		0.173589		2.5		5.74		16.76		10		22.96		67.04

		2738		0.2393424658		0.898		0.77		5.92		3.08		23.68		73.24		96.92		2616		0.1858630137		0.85		6.6		17.55		3.4		26.4		70.2		2738		0.1196712329		0.9		3.08		8.52		7.2		24.64		68.16		2616		0.0929315068		0.94		3.08		8.48		7.52		24.64		67.84		2616		0.1161643836		1.19		3.93		10.5		7.62		25.16		67.22		0.139397		1.48		4.83		12.44		7.89		25.76		66.35		0.162630		1.78		5.73		14.37		8.14		26.19		65.67		2616		0.185863		2.52		5.77		16.71		10.08		23.08		66.84

		2830		0.2796712329		0.867		0.79		6.82		3.16		27.28		69.56		96.84		2647		0.1994520548		0.8		5.09		19.11		3.2		20.36		76.44		2830		0.1398356164		0.88		3.09		8.53		7.04		24.72		68.24		2647		0.0997260274		0.9		3.09		8.51		7.2		24.72		68.08		2647		0.1246575342		1.17		3.95		10.5		7.49		25.29		67.22		0.149589		1.45		4.84		12.46		7.73		25.81		66.45		0.174521		1.77		5.78		14.33		8.09		26.42		65.49		2647		0.199452		2.54		5.81		16.65		10.16		23.24		66.6

		2891		0.3064109589		0.83		0.94		5.97		3.76		23.88		72.36		96.24		2738		0.2393424658		0.76		6.54		17.7		3.04		26.16		70.8		2891		0.1532054795		0.85		3.1		8.55		6.8		24.8		68.4		2738		0.1196712329		0.88		3.08		8.54		7.04		24.64		68.32		2738		0.1495890411		1.14		3.96		10.52		7.30		25.35		67.35		0.179507		1.43		4.87		12.45		7.63		25.97		66.40		0.209425		1.77		5.82		14.29		8.09		26.61		65.30		2738		0.239342		2.57		5.85		16.58		10.28		23.4		66.32

		2953		0.3335890411		0.778		0.83		5.27		3.32		21.08		75.6		96.68		2830		0.2796712329		0.77		6.78		17.45		3.08		27.12		69.8		2953		0.1667945205		0.83		3.1		8.57		6.64		24.8		68.56		2830		0.1398356164		0.87		3.09		8.54		6.96		24.72		68.32		2830		0.1747945205		1.12		3.97		10.53		7.17		25.42		67.41		0.209753		1.43		4.91		12.41		7.63		26.19		66.19		0.244712		1.77		5.86		14.25		8.09		26.79		65.12		2830		0.279671		2.63		5.95		16.42		10.52		23.8		65.68

		3013		0.359890411		0.728		0.74		6.61		2.96		26.44		70.6		97.04		2891		0.3064109589		0.77		6.74		17.49		3.08		26.96		69.96		3013		0.1799452055		0.81		3.12		8.57		6.48		24.96		68.56		2891		0.1532054795		0.85		3.09		8.56		6.8		24.72		68.48		2891		0.1915068493		1.11		3.99		10.52		7.11		25.54		67.35		0.229808		1.43		4.94		12.38		7.63		26.35		66.03		0.268110		1.77		5.89		14.22		8.09		26.93		64.98		2891		0.306411		2.72		6.04		16.24		10.88		24.16		64.96

		3074		0.386630137		0.685		0.76		6.77		3.04		27.08		69.88		96.96		2953		0.3335890411		0.72		6.31		17.97		2.88		25.24		71.88		3074		0.1933150685		0.81		3.12		8.57		6.48		24.96		68.56		2953		0.1667945205		0.83		3.1		8.57		6.64		24.8		68.56		2953		0.2084931507		1.11		4.02		10.49		7.11		25.74		67.16		0.250192		1.43		4.96		12.36		7.63		26.45		65.92		0.291890		1.78		5.91		14.19		8.14		27.02		64.85		2953		0.333589		2.83		6.12		16.05		11.32		24.48		64.2

		3135		0.413369863		0.663		0.82		5.06		3.28		20.24		76.48		96.72		3013		0.359890411		0.7		5.57		18.73		2.8		22.28		74.92		3135		0.2066849315		0.81		3.15		8.54		6.48		25.2		68.32		3013		0.1799452055		0.82		3.11		8.57		6.56		24.88		68.56		3013		0.2249315068		1.11		4.04		10.47		7.11		25.86		67.03		0.269918		1.43		4.98		12.34		7.63		26.56		65.81		0.314904		1.8		5.92		14.16		8.23		27.06		64.71		3013		0.359890		2.93		6.16		15.91		11.72		24.64		63.64

		3196		0.440109589		0.658		0.76		6.74		3.04		26.96		70		96.96		3074		0.386630137		0.7		5.12		19.18		2.8		20.48		76.72		3196		0.2200547945		0.81		3.16		8.53		6.48		25.28		68.24		3074		0.1933150685		0.81		3.11		8.58		6.48		24.88		68.64		3074		0.2416438356		1.11		4.06		10.45		7.11		25.99		66.90		0.289973		1.44		5		12.31		7.68		26.67		65.65		0.338301		1.81		5.92		14.15		8.27		27.06		64.66		3074		0.386630		3.03		6.21		15.76		12.12		24.84		63.04

		3257		0.4668493151		0.661		0.82		5.16		3.28		20.64		76.08		96.72		3135		0.413369863		0.73		6.5		17.77		2.92		26		71.08		3257		0.2334246575		0.81		3.17		8.52		6.48		25.36		68.16		3135		0.2066849315		0.81		3.13		8.56		6.48		25.04		68.48		3135		0.2583561644		1.11		4.07		10.44		7.11		26.06		66.84		0.310027		1.45		5.01		12.29		7.73		26.72		65.55		0.361699		1.81		5.92		14.15		8.27		27.06		64.66		3135		0.413370		3.12		6.26		15.62		12.48		25.04		62.48

		3319		0.4940273973		0.669		0.69		5.41		2.76		21.64		75.6		97.24		3196		0.440109589		0.66		6.01		18.33		2.64		24.04		73.32		3319		0.2470136986		0.81		3.19		8.5		6.48		25.52		68		3196		0.2200547945		0.81		3.14		8.55		6.48		25.12		68.4		3196		0.2750684932		1.11		4.09		10.42		7.11		26.18		66.71		0.330082		1.46		5.01		12.28		7.79		26.72		65.49		0.385096		1.82		5.92		14.14		8.32		27.06		64.62		3196		0.440110		3.19		6.31		15.5		12.76		25.24		62

		3378		0.519890411		0.678		0.62		4.62		2.48		18.48		79.04		97.52		3257		0.4668493151		0.81		6.08		18.11		3.24		24.32		72.44		3378		0.2599452055		0.81		3.2		8.49		6.48		25.6		67.92		3257		0.2334246575		0.81		3.15		8.54		6.48		25.2		68.32		3257		0.2917808219		1.11		4.1		10.41		7.11		26.25		66.65		0.350137		1.46		5.01		12.28		7.79		26.72		65.49		0.408493		1.82		5.91		14.15		8.32		27.02		64.66		3257		0.466849		3.25		6.34		15.41		13		25.36		61.64

		3439		0.546630137		0.69		0.7		6.44		2.8		25.76		71.44		97.2		3319		0.4940273973		0.87		5.24		18.89		3.48		20.96		75.56		3439		0.2733150685		0.81		3.2		8.49		6.48		25.6		67.92		3319		0.2470136986		0.81		3.17		8.52		6.48		25.36		68.16		3319		0.3087671233		1.12		4.1		10.4		7.17		26.25		66.58		0.370521		1.47		5.01		12.27		7.84		26.72		65.44		0.432274		1.82		5.91		14.15		8.32		27.02		64.66		3319		0.494027		3.31		6.35		15.34		13.24		25.4		61.36

		3500		0.573369863		0.701		0.67		5.96		2.68		23.84		73.48		97.32		3378		0.519890411		0.65		5.11		19.24		2.6		20.44		76.96		3500		0.2866849315		0.81		3.21		8.48		6.48		25.68		67.84		3378		0.2599452055		0.81		3.18		8.51		6.48		25.44		68.08		3378		0.3249315068		1.13		4.11		10.38		7.23		26.31		66.45		0.389918		1.47		5.01		12.27		7.84		26.72		65.44		0.454904		1.81		5.87		14.20		8.27		26.83		64.89		3378		0.519890		3.37		6.33		15.3		13.48		25.32		61.2

		3561		0.600109589		0.71		0.64		5.14		2.56		20.56		76.88		97.44		3439		0.546630137		0.64		5.05		19.31		2.56		20.2		77.24		3561		0.3000547945		0.81		3.21		8.48		6.48		25.68		67.84		3439		0.2733150685		0.81		3.19		8.5		6.48		25.52		68		3439		0.3416438356		1.13		4.11		10.38		7.23		26.31		66.45		0.409973		1.48		5.01		12.26		7.89		26.72		65.39		0.478301		1.76		5.73		14.39		8.05		26.19		65.76		3439		0.546630		3.43		6.29		15.28		13.72		25.16		61.12

		3622		0.6268493151		0.72		0.69		5.05		2.76		20.2		77.04		97.24		3500		0.573369863		0.8		5.24		18.96		3.2		20.96		75.84		3622		0.3134246575		0.82		3.21		8.47		6.56		25.68		67.76		3500		0.2866849315		0.81		3.2		8.49		6.48		25.6		67.92		3500		0.3583561644		1.13		4.11		10.38		7.23		26.31		66.45		0.430027		1.48		5.01		12.26		7.89		26.72		65.39		0.501699		1.72		5.62		14.54		7.86		25.69		66.45		3500		0.573370		3.48		6.23		15.29		13.92		24.92		61.16

		3712		0.6663013699		0.726		1.18		4.91		4.72		19.64		75.64		95.28		3561		0.600109589		0.78		5.88		18.34		3.12		23.52		73.36		3712		0.3331506849		0.82		3.22		8.46		6.56		25.76		67.68		3561		0.3000547945		0.81		3.2		8.49		6.48		25.6		67.92		3561		0.3750684932		1.14		4.11		10.37		7.30		26.31		66.39		0.450082		1.48		5.01		12.26		7.89		26.72		65.39		0.525096		1.68		5.51		14.69		7.68		25.19		67.13		3561		0.600110		3.54		6.18		15.28		14.16		24.72		61.12

		3804		0.706630137		0.729		1.26		4.44		5.04		17.76		77.2		94.96		3622		0.6268493151		1.35		4.94		18.71		5.4		19.76		74.84		3804		0.3533150685		0.82		3.22		8.46		6.56		25.76		67.68		3622		0.3134246575		0.81		3.21		8.48		6.48		25.68		67.84		3622		0.3917808219		1.14		4.11		10.37		7.30		26.31		66.39		0.470137		1.48		5.01		12.26		7.89		26.72		65.39		0.548493		1.63		5.39		14.86		7.45		24.64		67.91		3622		0.626849		3.59		6.1		15.31		14.36		24.4		61.24

		3896		0.7469589041		0.734		1.19		4.26		4.76		17.04		78.2		95.24		3712		0.6663013699		1.32		4.63		19.05		5.28		18.52		76.2		3896		0.3734794521		0.82		3.22		8.46		6.56		25.76		67.68		3712		0.3331506849		0.82		3.21		8.47		6.56		25.68		67.76		3712		0.4164383562		1.14		4.11		10.37		7.30		26.31		66.39		0.499726		1.48		5.01		12.26		7.89		26.72		65.39		0.583014		1.55		5.19		15.14		7.09		23.73		69.19		3712		0.666301		3.68		5.99		15.33		14.72		23.96		61.32

		3987		0.7868493151		0.738		1.13		4.41		4.52		17.64		77.84		95.48		3804		0.706630137		1.23		4.37		19.4		4.92		17.48		77.6		3987		0.3934246575		0.83		3.22		8.45		6.64		25.76		67.6		3804		0.3533150685		0.82		3.22		8.46		6.56		25.76		67.68		3804		0.4416438356		1.14		4.11		10.37		7.30		26.31		66.39		0.529973		1.48		5.01		12.26		7.89		26.72		65.39		0.618301		1.49		5.02		15.37		6.81		22.95		70.24		3804		0.706630		3.78		5.89		15.33		15.12		23.56		61.32

		4018				0.745		1.06		6.09		4.24		24.36		71.4		95.76		3896		0.7469589041		1.18		4.24		19.58		4.72		16.96		78.32		4018		0.4002191781		0.83		3.21		8.46		6.64		25.68		67.68		3896		0.3734794521		0.82		3.22		8.46		6.56		25.76		67.68		3896		0.4668493151		1.15		4.11		10.36		7.36		26.31		66.33		0.560219		1.48		5.01		12.26		7.89		26.72		65.39		0.653589		1.42		4.86		15.60		6.49		22.22		71.29		3896		0.746959		3.86		5.82		15.32		15.44		23.28		61.28

		4108				0.759		1.07		6.99		4.28		27.96		67.76		95.72		3987		0.7868493151		1.13		4.1		19.77		4.52		16.4		79.08		4108		0.4199452055		0.83		3.22		8.45		6.64		25.76		67.6		3987		0.3934246575		0.83		3.22		8.45		6.64		25.76		67.6		3987		0.4917808219		1.15		4.11		10.36		7.36		26.31		66.33		0.590137		1.47		5		12.28		7.84		26.67		65.49		0.688493		1.36		4.7		15.82		6.22		21.49		72.30		3987		0.786849		3.94		5.76		15.3		15.76		23.04		61.2

		4199				0.774		2.26		6.98		9.04		27.92		63.04		90.96												140.16		705.08		2254.76		4199		0.439890411		0.83		3.21		8.46		6.64		25.68		67.68		4018		0.4002191781		0.83		3.22		8.45		6.64		25.76		67.6		4018		0.5002739726		1.15		4.11		10.36		7.36		26.31		66.33		0.600329		1.47		4.99		12.29		7.84		26.61		65.55		0.700384		1.34		4.65		15.89		6.13		21.26		72.62												361.08

		4291				0.793		2.57		6.91		10.28		27.64		62.08		89.72										3100		4.52		22.74		72.73		4291		0.4600547945		0.83		3.21		8.46		6.64		25.68		67.68		4108		0.4199452055		0.83		3.22		8.45		6.64		25.76		67.6		4108		0.5249315068		1.15		4.11		10.36		7.36		26.31		66.33		0.629918		1.44		4.91		12.4		7.68		26.19		66.13		0.734904		1.29		4.52		16.07		5.90		20.66		73.44

		4383				0.808		2.78		6.86		11.12		27.44		61.44		88.88																		4383		0.4802191781		0.83		3.21		8.46		6.64		25.68		67.68		4199		0.439890411		0.83		3.22		8.45		6.64		25.76		67.6		4199		0.5498630137		1.14		4.11		10.37		7.30		26.31		66.39		0.659836		1.38		4.75		12.62		7.36		25.33		67.31		0.769808		1.25		4.39		16.24		5.71		20.07		74.22

		4474				0.82		2.9		6.8		11.6		27.2		61.2		88.4																		4474		0.5001643836		0.83		3.21		8.46		6.64		25.68		67.68		4291		0.4600547945		0.83		3.22		8.45		6.64		25.76		67.6		4291		0.5750684932		1.14		4.11		10.37		7.30		26.31		66.39		0.690082		1.32		4.6		12.83		7.04		24.53		68.43										262.03		845.63		2292.34

		4565				0.83		2.95		6.76		11.8		27.04		61.16		88.2																		4565		0.520109589		0.83		3.21		8.46		6.64		25.68		67.68		4383		0.4802191781		0.83		3.22		8.45		6.64		25.76		67.6		4383		0.6002739726		1.14		4.11		10.37		7.30		26.31		66.39		0.720329		1.27		4.46		13.02		6.77		23.79		69.44								3400.00		7.71		24.87		67.42

		4657				0.839		2.97		6.72		11.88		26.88		61.24		88.12																		4657		0.5402739726		0.83		3.21		8.46		6.64		25.68		67.68		4474		0.5001643836		0.83		3.22		8.45		6.64		25.76		67.6		4474		0.6252054795		1.14		4.11		10.37		7.30		26.31		66.39		0.750247		1.22		4.34		13.19		6.51		23.15		70.35

		4749				0.847		2.98		6.68		11.92		26.72		61.36		88.08																		4749		0.5604383562		0.83		3.21		8.46		6.64		25.68		67.68		4565		0.520109589		0.83		3.22		8.45		6.64		25.76		67.6		4565		0.6501369863		1.14		4.1		10.38		7.30		26.25		66.45		0.780164		1.18		4.23		13.34		6.29		22.56		71.15

		4839				0.854		2.97		6.64		11.88		26.56		61.56		88.12																		4839		0.5801643836		0.83		3.21		8.46		6.64		25.68		67.68		4657		0.5402739726		0.83		3.22		8.45		6.64		25.76		67.6		4657		0.6753424658		1.14		4.1		10.38		7.30		26.25		66.45										290.51		969.08		2540.41

		4930				0.862		2.96		6.6		11.84		26.4		61.76		88.16																		4930		0.600109589		0.82		3.21		8.47		6.56		25.68		67.76		4749		0.5604383562		0.83		3.22		8.45		6.64		25.76		67.6		4749		0.7005479452		1.14		4.1		10.38		7.30		26.25		66.45								3800.00		7.64		25.50		66.85

		5022				0.87		2.96		6.56		11.84		26.24		61.92		88.16																		5022		0.6202739726		0.82		3.21		8.47		6.56		25.68		67.76		4839		0.5801643836		0.83		3.22		8.45		6.64		25.76		67.6		4839		0.7252054795		1.13		4.1		10.39		7.23		26.25		66.52

		5114				0.877		2.95		6.53		11.8		26.12		62.08		88.2																		5114		0.6404383562		0.82		3.21		8.47		6.56		25.68		67.76		4930		0.600109589		0.83		3.22		8.45		6.64		25.76		67.6		4930		0.7501369863		1.13		4.09		10.4		7.23		26.18		66.58

		5204				0.887		2.94		6.5		11.76		26		62.24		88.24																		5204		0.6601643836		0.82		3.21		8.47		6.56		25.68		67.76		5022		0.6202739726		0.83		3.22		8.45		6.64		25.76		67.6		5022		0.7753424658		1.13		4.09		10.4		7.23		26.18		66.58

		5295				0.898		2.94		6.47		11.76		25.88		62.36		88.24																		5295		0.680109589		0.82		3.21		8.47		6.56		25.68		67.76		5114		0.6404383562		0.83		3.22		8.45		6.64		25.76		67.6												315.81		1097.20		2886.99

		5387				0.908		2.93		6.45		11.72		25.8		62.48		88.28																		5387		0.7002739726		0.82		3.21		8.47		6.56		25.68		67.76		5204		0.6601643836		0.83		3.22		8.45		6.64		25.76		67.6										4300.00		7.34		25.52		67.14

		5479				0.917		2.92		6.42		11.68		25.68		62.64		88.32																		5479		0.7204383562		0.82		3.21		8.47		6.56		25.68		67.76		5295		0.680109589		0.83		3.21		8.46		6.64		25.68		67.68

		5569				0.927		2.92		6.4		11.68		25.6		62.72		88.32																		5569		0.7401643836		0.82		3.22		8.46		6.56		25.76		67.68		5387		0.7002739726		0.83		3.21		8.46		6.64		25.68		67.68

		5660				0.936		2.91		6.38		11.64		25.52		62.84		88.36																		5660		0.760109589		0.82		3.22		8.46		6.56		25.76		67.68		5479		0.7204383562		0.83		3.21		8.46		6.64		25.68		67.68

		5752				0.943		2.91		6.37		11.64		25.48		62.88		88.36																		5813		0.7936438356		0.82		3.22		8.46		6.56		25.76		67.68		5569		0.7401643836		0.83		3.21		8.46		6.64		25.68		67.68

		5844				0.95		2.91		6.35		11.64		25.4		62.96		88.36																												334.4		1228.92		3336.68		5660		0.760109589		0.82		3.21		8.47		6.56		25.68		67.76

		5935				0.956		2.91		6.34		11.64		25.36		63		88.36																										4900		6.82		25.08		68.10		5813		0.7936438356		0.82		3.21		8.47		6.56		25.68		67.76

		6026				0.963		2.9		6.33		11.6		25.32		63.08		88.4																																												345.84		1274.76		3479.4

		6118				0.968		2.9		6.32		11.6		25.28		63.12		88.4																																										5100		6.78		25.00		68.22

		6210				0.973		2.9		6.32		11.6		25.28		63.12		88.4

		6300				0.976		2.9		6.31		11.6		25.24		63.16		88.4

		6391				0.978		2.9		6.3		11.6		25.2		63.2		88.4

		6483				0.98		2.9		6.3		11.6		25.2		63.2		88.4

		聚驱阶段累积吸水量										167.88		779.48		2552.64		3500

												4.80		22.27		72.93
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Chart1 (2)

		0		0		0		0		0

		0.0004383562		0.0005479452		0.0006575342		0.0007671233		0.0008767123

		0.0019726027		0.0024657534		0.0029589041		0.0034520548		0.0039452055

		0.0067945205		0.0084931507		0.0101917808		0.011890411		0.0135890411

		0.0197260274		0.0246575342		0.0295890411		0.0345205479		0.0394520548

		0.0330958904		0.041369863		0.0496438356		0.0579178082		0.0661917808

		0.0464657534		0.0580821918		0.0696986301		0.0813150685		0.0929315068

		0.0598356164		0.0747945205		0.0897534247		0.1047123288		0.1196712329

		0.0732054795		0.0915068493		0.1098082192		0.128109589		0.1464109589

		0.0867945205		0.1084931507		0.1301917808		0.151890411		0.1735890411

		0.0929315068		0.1161643836		0.1393972603		0.162630137		0.1858630137

		0.0997260274		0.1246575342		0.1495890411		0.1745205479		0.1994520548

		0.1196712329		0.1495890411		0.1795068493		0.2094246575		0.2393424658

		0.1398356164		0.1747945205		0.2097534247		0.2447123288		0.2796712329

		0.1532054795		0.1915068493		0.2298082192		0.268109589		0.3064109589

		0.1667945205		0.2084931507		0.2501917808		0.291890411		0.3335890411

		0.1799452055		0.2249315068		0.2699178082		0.3149041096		0.359890411

		0.1933150685		0.2416438356		0.2899726027		0.3383013699		0.386630137

		0.2066849315		0.2583561644		0.3100273973		0.3616986301		0.413369863

		0.2200547945		0.2750684932		0.3300821918		0.3850958904		0.440109589

		0.2334246575		0.2917808219		0.3501369863		0.4084931507		0.4668493151

		0.2470136986		0.3087671233		0.3705205479		0.4322739726		0.4940273973

		0.2599452055		0.3249315068		0.3899178082		0.4549041096		0.519890411

		0.2733150685		0.3416438356		0.4099726027		0.4783013699		0.546630137

		0.2866849315		0.3583561644		0.4300273973		0.5016986301		0.573369863

		0.3000547945		0.3750684932		0.4500821918		0.5250958904		0.600109589

		0.3134246575		0.3917808219		0.4701369863		0.5484931507		0.6268493151

		0.3331506849		0.4164383562		0.4997260274		0.5830136986		0.6663013699

		0.3533150685		0.4416438356		0.5299726027		0.6183013699		0.706630137

		0.3734794521		0.4668493151		0.5602191781		0.6535890411		0.7469589041

		0.3934246575		0.4917808219		0.5901369863		0.6884931507		0.7868493151

		0.4002191781		0.5002739726		0.6003287671		0.7003835616

		0.4199452055		0.5249315068		0.6299178082		0.7349041096

		0.439890411		0.5498630137		0.6598356164		0.7698082192

		0.4600547945		0.5750684932		0.6900821918

		0.4802191781		0.6002739726		0.7203287671

		0.5001643836		0.6252054795		0.7502465753

		0.520109589		0.6501369863		0.7801643836

		0.5402739726		0.6753424658

		0.5604383562		0.7005479452

		0.5801643836		0.7252054795

		0.600109589		0.7501369863

		0.6202739726		0.7753424658

		0.6404383562

		0.6601643836

		0.680109589

		0.7002739726

		0.7204383562

		0.7401643836

		0.760109589

		0.7936438356
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层间1

		0		0		0		0		0

		0.0004383562		0.0005479452		0.0006575342		0.0007671233		0.0008767123

		0.0019726027		0.0024657534		0.0029589041		0.0034520548		0.0039452055

		0.0067945205		0.0084931507		0.0101917808		0.011890411		0.0135890411

		0.0197260274		0.0246575342		0.0295890411		0.0345205479		0.0394520548

		0.0330958904		0.041369863		0.0496438356		0.0579178082		0.0661917808

		0.0464657534		0.0580821918		0.0696986301		0.0813150685		0.0929315068

		0.0598356164		0.0747945205		0.0897534247		0.1047123288		0.1196712329

		0.0732054795		0.0915068493		0.1098082192		0.128109589		0.1464109589

		0.0867945205		0.1084931507		0.1301917808		0.151890411		0.1735890411

		0.0929315068		0.1161643836		0.1393972603		0.162630137		0.1858630137

		0.0997260274		0.1246575342		0.1495890411		0.1745205479		0.1994520548

		0.1196712329		0.1495890411		0.1795068493		0.2094246575		0.2393424658

		0.1398356164		0.1747945205		0.2097534247		0.2447123288		0.2796712329

		0.1532054795		0.1915068493		0.2298082192		0.268109589		0.3064109589

		0.1667945205		0.2084931507		0.2501917808		0.291890411		0.3335890411

		0.1799452055		0.2249315068		0.2699178082		0.3149041096		0.359890411

		0.1933150685		0.2416438356		0.2899726027		0.3383013699		0.386630137

		0.2066849315		0.2583561644		0.3100273973		0.3616986301		0.413369863

		0.2200547945		0.2750684932		0.3300821918		0.3850958904		0.440109589

		0.2334246575		0.2917808219		0.3501369863		0.4084931507		0.4668493151

		0.2470136986		0.3087671233		0.3705205479		0.4322739726		0.4940273973

		0.2599452055		0.3249315068		0.3899178082		0.4549041096		0.519890411

		0.2733150685		0.3416438356		0.4099726027		0.4783013699		0.546630137

		0.2866849315		0.3583561644		0.4300273973		0.5016986301		0.573369863

		0.3000547945		0.3750684932		0.4500821918		0.5250958904		0.600109589

		0.3134246575		0.3917808219		0.4701369863		0.5484931507		0.6268493151

		0.3331506849		0.4164383562		0.4997260274		0.5830136986		0.6663013699

		0.3533150685		0.4416438356		0.5299726027		0.6183013699		0.706630137

		0.3734794521		0.4668493151		0.5602191781		0.6535890411		0.7469589041

		0.3934246575		0.4917808219		0.5901369863		0.6884931507		0.7868493151

		0.4002191781		0.5002739726		0.6003287671		0.7003835616

		0.4199452055		0.5249315068		0.6299178082		0.7349041096

		0.439890411		0.5498630137		0.6598356164		0.7698082192

		0.4600547945		0.5750684932		0.6900821918

		0.4802191781		0.6002739726		0.7203287671

		0.5001643836		0.6252054795		0.7502465753

		0.520109589		0.6501369863		0.7801643836

		0.5402739726		0.6753424658

		0.5604383562		0.7005479452

		0.5801643836		0.7252054795

		0.600109589		0.7501369863

		0.6202739726		0.7753424658

		0.6404383562

		0.6601643836

		0.680109589

		0.7002739726

		0.7204383562

		0.7401643836

		0.760109589

		0.7936438356



0.08PV/a

0.10PV/a

0.12PV/a

0.14PV/a

0.16PV/a

注入PV数

相对吸水量（％）

Vk0.65时不同注入速度时的相对吸水量曲线（中渗透层）

21.72

21.72

21.72

21.72

21.72

21.6

21.7029449424

21.7066666667

21.7142857143

21.72

21.76

21.895006402

22.2933333333

22.4

22.44

22.88

23.1113956466

23.4133333333

23.4971428571

23.72

22.88

23.9436619718

24.32

24.6857142857

25

23.52

24.1997439181

24.5866666667

24.9142857143

25.64

24

24.2637644046

25.2266666667

25.6914285714

26.16

23.84

24.9679897567

25.4933333333

25.8285714286

21.96

23.84

25.1600512164

25.44

25.92

25.76

24.48

25.0960307298

25.6533333333

26.1028571429

26.4

24.64

25.1600512164

25.76

26.1942857143

26.4

24.72

25.2880921895

25.8133333333

26.4228571429

20.36

24.64

25.3521126761

25.9733333333

26.6057142857

26.16

24.72

25.4161331626

26.1866666667

26.7885714286

27.12

24.72

25.5441741357

26.3466666667

26.9257142857

26.96

24.8

25.7362355954

26.4533333333

27.0171428571

25.24

24.88

25.8642765685

26.56

27.0628571429

22.28

24.88

25.9923175416

26.6666666667

27.0628571429

20.48

25.04

26.0563380282

26.72

27.0628571429

26

25.12

26.1843790013

26.72

27.0628571429

24.04

25.2

26.2483994878

26.72

27.0171428571

24.32

25.36

26.2483994878

26.72

27.0171428571

20.96

25.44

26.3124199744

26.72

26.8342857143

20.44

25.52

26.3124199744

26.72

26.1942857143

20.2

25.6

26.3124199744

26.72

25.6914285714

20.96

25.6

26.3124199744

26.72

25.1885714286

23.52

25.68

26.3124199744

26.72

24.64

19.76

25.68

26.3124199744

26.72

23.7257142857

18.52

25.76

26.3124199744

26.72

22.9485714286

17.48

25.76

26.3124199744

26.72

22.2171428571

16.96

25.76

26.3124199744

26.6666666667

21.4857142857

16.4

25.76

26.3124199744

26.6133333333

21.2571428571

25.76

26.3124199744

26.1866666667

20.6628571429

25.76

26.3124199744

25.3333333333

20.0685714286

25.76

26.3124199744

24.5333333333

25.76

26.3124199744

23.7866666667

25.76

26.3124199744

23.1466666667

25.76

26.2483994878

22.56

25.76

26.2483994878

25.76

26.2483994878

25.76

26.2483994878

25.76

26.1843790013

25.76

26.1843790013

25.76

25.76

25.68

25.68

25.68

25.68

25.68

25.68



层间

		0.65vk		0.14pv/a		kz=0.01kx										kz=0.008kx

				1		2		3		相对1		2		3				1		2		3		相对1		2		3

		0		1.76		5.43		17.81		7.04		21.72		71.24				1.76		5.41		17.83		7.04		21.72		71.24

		0.0007671233		1.54		4.75		15.585		7.04		21.71		71.25				1.53		4.73		15.245		6.99		21.62		69.69

		0.0034520548		1.7		4.9		15.275		7.77		22.40		69.83				1.9		5.03		15.035		7.00		22.99		68.73

		0.011890411		1.7		5.14		15.035		7.77		23.50		68.73				1.81		5.14		15.175		7.00		23.50		69.37

		0.0345205479		1.69		5.4		14.785		7.73		24.69		67.59				1.56		5.3		14.895		8.20		24.23		68.09

		0.0579178082		1.84		5.45		14.585		8.41		24.91		66.67				1.68		5.34		15.385		8.10		24.41		70.33

		0.0813150685		1.91		5.62		14.345		8.73		25.69		65.58				1.15		4.33		16.465		7.60		24.00		75.27

		0.1047123288		1.91		5.65		14.315		8.73		25.83		65.44				1.08		4.86		16.075		5.94		24.00		73.49

		0.128109589		1.85		5.67		14.355		8.46		25.92		65.62				0.94		4.66		16.285		5.30		23.50		74.45

		0.151890411		1.82		5.71		14.345		8.32		26.10		65.58				0.93		4.74		16.325		5.00		22.90		74.63

		0.162630137		1.78		5.73		14.365		8.14		26.19		65.67				0.81		4.71		16.405		4.70		22.60		74.99

		0.1745205479		1.77		5.78		14.325		8.09		26.42		65.49				0.76		4.65		16.445		4.50		22.50		75.18

		0.2094246575		1.77		5.82		14.285		8.09		26.61		65.30				0.78		3.77		17.485		4.57		22.60		79.93

		0.2447123288		1.77		5.86		14.245		8.09		26.79		65.12				0.62		4.91		16.305		4.30		22.45		74.54

		0.268109589		1.77		5.89		14.215		8.09		26.93		64.98				0.66		4.48		16.765		4.00		22.30		76.64

		0.291890411		1.78		5.91		14.185		8.14		27.02		64.85				0.63		4.99		16.145		3.98		21.50		73.81

		0.3149041096		1.8		5.92		14.155		8.23		27.06		64.71				0.74		4.79		16.475		3.88		21.90		75.31

		0.3383013699		1.81		5.92		14.145		8.27		27.06		64.66				0.61		3.92		17.345		3.79		20.00		79.29

		0.3616986301		1.81		5.92		14.145		8.27		27.06		64.66				0.61		3.92		17.415		3.79		19.00		79.61

		0.3850958904		1.82		5.92		14.135		8.32		27.06		64.62				0.54		4.21		17.045		3.47		19.25		77.92

		0.4084931507		1.82		5.91		14.145		8.32		27.02		64.66				0.62		4.08		17.175		3.83		18.65		78.51

		0.4322739726		1.82		5.91		14.145		8.32		27.02		64.66				0.62		4.55		16.685		3.83		19.50		76.27

		0.4549041096		1.81		5.87		14.195		8.27		26.83		64.89				0.64		4		17.155		3.93		18.29		78.42

		0.4783013699		1.76		5.73		14.385		8.05		26.19		65.76				0.72		4.85		16.475		3.89		20.00		75.31

		0.5016986301		1.72		5.62		14.535		7.86		25.69		66.45				0.55		3.93		17.325		3.51		19.00		79.20

		0.5250958904		1.68		5.51		14.685		7.68		25.19		67.13				0.62		4.23		16.965		3.83		19.34		77.55

		0.5484931507		1.63		5.39		14.855		7.45		24.64		67.91				0.68		4.46		16.695		4.11		19.80		76.32

		0.5830136986		1.55		5.19		15.135		7.09		23.73		69.19				0.72		3.99		17.195		4.29		18.24		78.61

		0.6183013699		1.49		5.02		15.365		6.81		22.95		70.24				0.69		3.67		17.525		4.15		16.78		80.11

		0.6535890411		1.42		4.86		15.595		6.49		22.22		71.29				0.68		3.35		17.885		4.11		15.31		81.76

		0.6884931507		1.36		4.7		15.815		6.22		21.49		72.30				0.64		3.2		18.045		3.93		14.63		82.49

		0.7003835616		1.34		4.65		15.885		6.13		21.26		72.62				0.63		3.15		18.125		3.88		14.40		82.86

		0.7349041096		1.29		4.52		16.065		5.90		20.66		73.44				0.6		3.06		18.235		3.74		13.99		83.36

		0.7698082192		1.25		4.39		16.235		5.71		20.07		74.22				0.58		2.98		18.895		3.65		13.62		86.38
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注入PV数

相对吸水量（%）

变异系数0.65时层间与层内相对吸水量对比曲线（低渗透层）
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层间

层内

注入PV数

相对吸水量（%）

变异系数0.65时层间与层内相对吸水量对比曲线（中渗透层）
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		kz=0.01kx										kz=0.008kx

		2		3		相对1		2		3				1		2		3		相对1		2		3

		5.43		17.81		7.04		21.72		71.24				1.76		5.41		17.83		7.04		21.72		71.24

		4.75		15.585		7.04		21.71		71.25				1.53		4.73		15.245		6.99		21.62		69.69

		4.9		15.275		7.77		22.40		69.83				1.9		5.03		15.035		8.69		22.99		68.73

		5.14		15.035		7.77		23.50		68.73				1.81		5.14		15.175		8.27		23.50		69.37

		5.4		14.785		7.73		24.69		67.59				1.56		5.3		14.895		7.13		24.23		68.09

		5.45		14.585		8.41		24.91		66.67				1.68		5.34		15.385		7.68		24.41		70.33

		5.62		14.345		8.73		25.69		65.58				1.15		4.33		16.465		5.26		19.79		75.27

		5.65		14.315		8.73		25.83		65.44				1.08		4.86		16.075		4.94		22.22		73.49

		5.67		14.355		8.46		25.92		65.62				0.94		4.66		16.285		4.30		21.30		74.45

		5.71		14.345		8.32		26.10		65.58				0.93		4.74		16.325		4.25		21.67		74.63

		5.73		14.365		8.14		26.19		65.67				0.81		4.71		16.405		3.70		21.53		74.99

		5.78		14.325		8.09		26.42		65.49				0.76		4.65		16.445		3.47		21.26		75.18

		5.82		14.285		8.09		26.61		65.30				0.78		3.77		17.485		3.57		17.23		79.93

		5.86		14.245		8.09		26.79		65.12				0.62		4.91		16.305		2.83		22.45		74.54

		5.89		14.215		8.09		26.93		64.98				0.66		4.48		16.765		3.02		20.48		76.64

		5.91		14.185		8.14		27.02		64.85				0.63		4.99		16.145		2.88		22.81		73.81

		5.92		14.155		8.23		27.06		64.71				0.74		4.79		16.475		3.38		21.90		75.31

		5.92		14.145		8.27		27.06		64.66				0.61		3.92		17.345		2.79		17.92		79.29

		5.92		14.145		8.27		27.06		64.66				0.61		3.92		17.415		2.79		17.92		79.61

		5.92		14.135		8.32		27.06		64.62				0.54		4.21		17.045		2.47		19.25		77.92

		5.91		14.145		8.32		27.02		64.66				0.62		4.08		17.175		2.83		18.65		78.51

		5.91		14.145		8.32		27.02		64.66				0.62		4.55		16.685		2.83		20.80		76.27

		5.87		14.195		8.27		26.83		64.89				0.64		4		17.155		2.93		18.29		78.42

		5.73		14.385		8.05		26.19		65.76				0.72		4.85		16.475		3.29		22.17		75.31

		5.62		14.535		7.86		25.69		66.45				0.55		3.93		17.325		2.51		17.97		79.20

		5.51		14.685		7.68		25.19		67.13				0.62		4.23		16.965		2.83		19.34		77.55

		5.39		14.855		7.45		24.64		67.91				0.68		4.46		16.695		3.11		20.39		76.32

		5.19		15.135		7.09		23.73		69.19				0.72		3.99		17.195		3.29		18.24		78.61

		5.02		15.365		6.81		22.95		70.24				0.69		3.67		17.525		3.15		16.78		80.11

		4.86		15.595		6.49		22.22		71.29				0.68		3.35		17.885		3.11		15.31		81.76

		4.7		15.815		6.22		21.49		72.30				0.64		3.2		18.045		2.93		14.63		82.49

		4.65		15.885		6.13		21.26		72.62				0.63		3.15		18.125		2.88		14.40		82.86

		4.52		16.065		5.90		20.66		73.44				0.6		3.06		18.235		2.74		13.99		83.36

		4.39		16.235		5.71		20.07		74.22				0.58		2.98		18.895		2.65		13.62		86.38






