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摘　要 :砾石充填防砂方法是应用较早 ,被认为是目前防砂效果最好的方法之一。本文建立了砾

石充填防砂水平井产能计算模型 ,利用正交实验对其主要参数进行了优化设计。采用 VB. net语

言编写了优化设计软件 ,采用优化设计软件对孤岛 13P513水平井参数进行了优化 ,并分析了参

数对产能的影响。现场应用表面该方法具有一定的应用价值。
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　　油井出砂通常是由于井底附近地带的岩层结

构遭受破坏引起的。其中 ,弱固结或中等胶结砂岩

油层的出砂现象较为严重。油井出砂还与油藏深

度、压力、流速、地层胶结情况、压缩率和渗透率、流

体种类和相态 (油、气、水的情况 )等有直接的关系。

对于胶结特别疏松的稠油油藏 ,为了具备较好的防

砂效果 ,一般应采用砾石充填完井方式。对于地质

条件不宜采用裸眼 ,而又需要防砂的疏松储层 ,应

采用套管内砾石充填防砂。套管内井下砾石充填

后 ,人工充填在套管壁与绕丝筛管之间的砾石充填

层 ,起着防砂滤器的作用 [ 1 ]。随着水平井在油田开

采中的应用 ,水平井砾石充填防砂的具体应用成为

一个重要的研究课题。本文建立了筛管内砾石充

填防砂水平井的产能计算方法 ,并对孤岛 13P513

井的产能影响因素进行了分析。

1　砾石充填防砂水平井产能计算模型

若水平井位于油层中部 ,对于砾石充填防砂井

产能的求解由以下几部分构成 :

①垂直平面内水平井单位长度上的流量为 :

q =
2πk0 LΔP

μoB o ln (
h

2 rw
)

(1)

垂直平面上的渗流阻力为 :

R fv
=
ΔP

q
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h
2πrw

(2)

②水平面内水平井的流量表达式为 :

q =
2πk0 hΔP

μoB o ln (
a + a

2 - (
L
2

) 2
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(3)

水平面内渗流阻力为 :

R fh
=

q
ΔP

=
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2πko h
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2
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L
2

) 2
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③井筒内的压降
若水平井进行管内砾石充填防砂完井 ,则流动
阻力由下列几部分组成 [ 3 ]

:

1. 1　流体通过射孔孔眼周围压实环的压降ΔP1 :

ΔP1 =
μ0

kdp
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式中Lp1—水泥环外射孔孔眼长度 ,

Lp1 =Lp - ( rw - rc ) , m;
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1. 2　流体通过射孔孔眼的压降 :
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式中 SG2 = (
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Lp -套管外射孔孔眼的长度 , m。

1. 3　流体通过筛套环形空降的压力 :

只是公式中用水平井的长度 L代替公式中的

油层射开厚度 hp。如按单向流计算时 :
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按径向流计算时 :
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而井底附近总的渗流阻力为 :

Rw =
ΔP1 +ΔP2 +ΔP3

q0

(9)

根据水电相似原理 ,从供给边缘至水平井井底

的总的阻力为 :

R = R fv + R jh + Rw (10)

则水平井的产量公式为 :
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式中 ; SG = SG1 + SG2 + SG3 ;
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(11)式条件为 ; l > h, L /2 < 0. 9 re , ( 11 )式是产量 q

的隐式函数 ,需迭代求解。

式中L -水平井的长度 , m;

h -油层的厚度 , m;

rw -水平井筒的半径 , m;

ko -束缚水下油的有效渗透率 , m2
;

μo -油的粘度 , Pa. s;

q -井的产量 , m
3

/ s;

re—油藏供油半径 ;

ρo—油的密度 , Kg/m
3。

3　产能影响因素的优化设计

在确定了油藏的产能之后 ,面临的问题就是如

何对影响采液强度的各因素进行优化设计 ,使得采

液强度在不超过临界产能的范围内达到最大值。

下面将防砂井影响产能的主要因素进行优化设计。

产能与油藏参数 (如储层厚度、各向异性的程

度、偏心距、原油粘度 )、射孔的工艺参数 (如射孔密

度、射孔深度、射孔段长度、孔径及相位角 )以及防

砂参数 (如砾石层渗透率 )等有密切关系 [ 3 ]。对于

油藏参数而言在井位确定以后这些参数就是定值 ,

需要优化的是射孔工艺参数以及防砂工艺参数。

下面利用正交试验设计对射孔工艺参数以及防砂

工艺参数进行优化设计。

对砾石充填完井的射孔密度、射孔深度、孔径、

相位角、砾石层渗透率五个因素进行正交试验设

计 ,采用 5因素 4水平的 L16 (4
5 )正交表。经过表

头设计、水平翻译 ,将每组试验数据带入到产能计

算公式中计算 ,对所得到的结果进行极差分析即可

得到最优化结果。

4　孤岛油田水平井防砂参数优化设计

利用 VB. net语言编写了筛管内砾石充填防砂

水平井产能影响因素优化设计软件 ,下面通过实例

应用来说明各因素对产能的影响。
(下转第 58页 )
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3　结论

(1)选取高钢级或高强度套管能有效提高射孔

套管的抗挤压强度。

(2)增加壁厚能有效提高套管射孔套管的抗挤

强度。

(3)射孔参数对套管抗挤强度的影响 :射孔孔

密和相位角一定时 ,随着孔径的增加 ,套管抗挤强

度降低 ,但降低幅度不大 ;孔径和相位角一定时候 ,

随着射孔孔密的增加 ,套管抗挤强度降低 ,但降低

幅度很小 ;射孔孔密和孔径一定时候 ,射孔套管的

抗挤强度在不同的变化区间变化趋势有所不同 ,相

位角在 180度时 ,套管的抗挤强度最低 ,强度降低

最大。

(4)在保证射孔套管抗挤强度的前提下 ,为使

射孔完井井眼能获得尽可能高的油气产能比 ,推荐

采用大孔径、高密度射孔。同时采用 60度或 120

度相位角。

参考文献 :

[ 1 ]王志信 ,蔡景瑞.射孔对套管的损害及改进措施 [ J ].测

井技术 , 1984, 8 (5) ; 33 - 37.

[ 2 ]张兆银 ,刘坤芳.油层部位套管抗挤强度设计问题 [ J ].

石油钻探技术 , 1989, 17 (4) ; 38 - 41.

(上接第 55页 )

井 13P513为孤岛油田的一口水平井 ,其基础

参数如下 [ 4 ]
:水平向渗透率为 1500mD,垂向渗透率

为 900mD,地层条件下原油粘度为 892. 4mPa. s,泄

油半径 75m,原油体积系数 B o = 1. 01,储层厚度 h

为 11. 3m,井眼半径 rw 为 0. 1079m,原油密度 0.

9954g /mL,水平井长度 L = 250m ,偏心距为 0,生产

压差为 2. 0MPa,钻井污染带渗透率为 1200mD,污

染带半径 0. 3m,筛管半径为 0. 0635m,套管内径为

0. 0889m,砾石充填防砂。优化参数见表 1。

表 1　13P513井正交设计优化参数

孔密 (孔 /m) 孔深 (m) 孔径 (mm) 相位角 (度 ) 砾石层的渗透率 ( um2 )

16 0. 659 13 60 60

18 0. 712 12 180 15

24 0. 686 15 90 7

22 0. 642 9 30 80

　　通过正交实验优化计算得最优参数为孔密 16

孔 /m ,孔深 0. 712m,孔径 15mm,相位角 180°,砾石

层的渗透率为 80mD。最优产能为 48. 04m
3

/ d.

MPa。对产能大小影响因素由强到弱依次为相位

角、砾石层渗透率、射孔孔径、射孔深度、射孔密度。

5　结论

本文建立了筛管内砾石充填防砂水平井产能

的计算方法 ,并采用 VB. net语言实现了软件化。

采用正交试验设计方法对产能的影响因素进行了

分析 ,并对孤岛油田 13P513井的产能影响参数进

行了优化设计 ,计算得到了该井的最优产能。

参考文献 :

[ 1 ]何生厚 ,张琪.油气井防砂理论及其应用 [M ].北京 :中

国石化出版社 , 2003. .

[ 2 ]董长银 ,李志芬 ,张琪.筛管砾石充填井筒附近压降计算

方法 [ J ].西安石油学院学报 (自然科学版 ) , 2002, 17

(2) : 33 - 36.

[ 3 ]熊友明 ,潘迎德.各种射孔系列完井方式下水平井产能

预测研究 [ J ]. 西安石油学院学报 (自然科学版 ) , 1996

(2) : 34 - 37.

[ 4 ]史宝光 .孤岛油田中一区 Ng5单元 Ng53正韵律厚层顶

部水平井整体调整方案 [ R ].中石化胜利油田有限公司

2004年综合调整方案 , 2003.

85



Vol. 4 No. 1
Mar. 2008

Xinjiang O il & Gas
( Edition of Natural Science)

subdivided into three m icrofacies as braided channel, p lain areas between braided channel and front edge of
braided channel. The sand bodies of braided channel and front edge of braided channel of turbidite fan have
superior condition of form ing oil reservoir, which can form lithologic oil reservoir or structural - lithologic oil
reservoir easily and these have important value for oil and gas exp loration.
Key W ords: the third member of Shahejie formation; turbidite fan; sublacustrine fan; slump fan; lithologic oil
reservoir; the south of Huanxiling

M A IN INFL UENCE FACTO R O N W ATER BEAR ING ANALY S IS O F FRACTURE - KARST CAVED
CARBO NATE RESERVO IR O F TAHE O IL F IELD / L iu L ili, Chen X iaofan, CuiL igong. S ta te Key
L abora tory of R eservoir Geology and Exploita tion, Sou thw est Petroleum U niversity, Chengdu 610500 /X in jiang
S h iYou TianR an Q i, 2008, 4 (1) : 43～44
Abstract: The 4 th area O rdovician system reservoir of Tahe oil field is a special type of reservoir, which is of ultra
dep th, high temperature and high p ressure, and the reservoir also has a diverse space, a comp lex distribution of
the perquisite and bad oil material. It belongs to strongly heterogeneous fracture - karst caved carbonate
composite reservoir, and characterized by multi fracture - karst cave, three - dimensional overlapp ing. This oil
field is taken as an examp le in the paper. According to the changes of single well water content ratio, the
affecting factors of the changes of water cut are analyzed, which deep ly affects our understanding of this kind of
reservoir. It also p rovides important theoetical basis for us to develop this kind of reservoir reasonably.
Key W ords: Tahe oil field; fracture - karst caved reservoir; water bearing change; influence factor

APPL ICAT IO N O F NEW TECHN IQUE O F GEO PHY S ICAL INTERPRETAT IO N IN SUBTL E O IL /
GAS RESERVO IR EXPLO RAT IO N / Gong Hong - lin, CA I Gang, YAO Q ing - zhou. N orthw est Subsid iary of
R esearch Institu te of Explora tion and D evelopm ent, CN PC, L anzhou GanSu 730020 /X in jiang Sh iYou TianR an Q i,
2008, 4 (1) : 45～49
Abstract: This paper mainly introduces that using the spectra decomposition technique , full 3 - D visualization
and full 3 - D data volume interp retation technique studies idea and method of subtle oil /gas reservoir and uses
these three techniques in many 3D seism ic surveys in Junngar Basin to identify channels effectively, the boundary
of lithologic trap s , faults and stratigraphic denudation. A large scale of lithologic oil / gas reservoir in SN31 well
was discovered after successful app lication of these three techniques, which widened a new idea and method for
exp loration of subtle oil /gas reservoir in Junggar Basin . Good results which have been yielded in its p ractical
app lication indicate: it is essential that app rop riate interp retation techniques and methods should be selected
during the exp loration of subtle oil /gas reservoir in order to get good results. .
Key W ords: subtle oil / gas reservoir, Junggar Basin, frequency spectrum, decomposition, full 3 - D
visualization, full 3 - D data volume interp retation

EVAL UAT IO N O F ECO NOM IC RECO VERABL E RESERVES AND ANALY S IS O F VENTURE IN
GAS - CAP RESERVO IR O F LAM AD IAN O IL F IELD / L iu Zhen - jun, Zhang W u, Q in Guo - w ei.
Econom ic M anagem ent D eparm ent, D aqing Petroleum College, D aQ ing HaL ongJ iang 163318 /X in jiang Sh iYou
TianR an Q i, 2008, 4 (1) : 50～53
Abstract: Planned economy has been carried out in China for a long time, the econom ic performance of gas
reservoir development has been always neglected and the econom ic recovery is mainly dependent on technological
conditions of p roduction. Therefore, through the studies of characteristics and tectonic of Gas - cap Reservoir of
Lamadian oilfield, this O ilfield econom ic recoverable reserves and econom ic recovery rate have been forecast by
using the cash flow method; at the same time, p robability distribution method to estimate risk for Gas - cap
Reservoir of p roven reserves, p robable reserves and possible reserves and to analyze the uncertainties of econom ic
recoverable reserves in this paper, which p rovides important theoretical bases for the recovery of the Gas - cap
reservoir.
Key W ords: Econom ic recoverable reserves; Econom ic recovery; Reserves evaluation; p robability distribution

THE O PT IM UM O F THE PARAM ETERS EFFECT O N THE PROD UCT IV ITY O F THE
HO R IZO NTAL GRAVEL - PACK PERFO RATED W ELL S / L i Yong, Hu Yong - le, L i B ao - zhu, et a l.
R esearch Institu te of Petroleum Explora tion and D evelopm ent, PetroChinas, B eiJ ing 100083 /X in jiang Sh iYou
TianR an Q i, 2008, 4 (1) : 54～55
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Abstract: Gravel - pack sand - control method is an early app lied sand - control method. It is considered as one
of the best sand - control method. In this article, a model to calculate the p roductivity of the horizontal gravel -
pack perforated wells is established, and VB. net p rogramm ing language is used to develop an op timum software.
By using the software, the parameters of Gudao 13P513 horizontal well are op tim ized, and the effect of the
parameters are analysed.
Key W ords: horizontal well; gravel - pack; p roductivity; op timum

EFFECT O F HEL IX D ISTR IBUT ING PERFO RAT IO N O N CAS ING COLLAPS ING STRENGTH / Gao
Juan, Fan W ei, J iang X iang - zu, et a l. Geophysica l and O il R esou rce College, Yang tze U n iversity, J ingzhou HuB ei
434023 /X in jiang Sh iYou TianR an Q i, 2008, 4 (1) : 56～58
Abstract:One of important cause of casing damage is casing perforation. Finite elementmechanical model of
perforatedcasing is established, and effect of perforating on casing strength, especially influence of perforation
diameter, perforation density and perforation phase angle on casing strength is studied by using elastic and p lastic
finite element numerical modeling method. Under outer p ressure condition, finite element analysis of stress
concentration coefficient in perforated casing is studied with different steel grade, wall thickness, perforation
diameter, perforation density and phase angle. Analysis result p rovides reasonable model for op tim ization design
of perforating well comp letion and reliable foundation of sustainability computation for reasonable design for
perforating sections of casing.
Key W ords: helix distributin perforation; perforating casing; collap sing strength; elastic and p lastic finite
elementmethod

TECHNOLO GY D EVELO PM ENT O F HEAVY O IL TEST ING IN UL TRA - D EEP W ELL AND ITS
APPL ICAT IO N / W ang Kuojun, Sun fu, Sh i M ing - jiang et a l. Yang tze U niversity, J ingzhou HuB ei 434023 /
X in jiang Sh iYou TianR an Q i, 2008, 4 (1) : 59～63
Abstract: The tectonic belt of Tarim O ilfield and the Tahe O ilfield in the exp loration p rocess have been found in
the burial dep th of 5700m in heavy oil layer in recent years. A s reservoir type is comp lex and testing techniques
and technologies supporting are lim ited; exp loration work has been large by restriced, so exp loration for ultra -
deep reservoir of heavy oil exp loration has not been broken through . According to ultra - deep heavy oil reservoir
characteristics and the nature of Tahe and Tarim O ilfield, By combining with the deep and heavy oil testing
technology in the development of TUha LuKeqin heavy oil Testing Process, Development and its app lication of
ultra - deep show heavy oil p roduction testing technology were accomp lished after study of the reservior
characteristics, crude oil p roperty and p rocess techniques, the successful comp letion of the Lungu15, TK612,
Lungu41 show good results.
Key W ords:U ltra - deep; heavy oil layer; Testing Technology.

APPL ICAT IO N O F CYCL IC W ATERFLOOD ING IN D EVELO PM ENT O F BLOCK W ENX I6 / Yuan
Zhao, Yang Shu - ping. Research Institu te of Explora tion and D evelopm ent, TuHa O ilf ield Com pany, CN PC, HaM i
X in jiang 838202 /X in jiang Sh iYou TianR an Q i, 2008, 4 (1) : 64～66
Abstract: In light of the singularity of main layer, severe flooding and p roduction reduction occurred after well
pattern thickening, a new way must be used to solve these p roblem s. Based on experiences of cyclic
waterflooding in sandstone oilfield at home and abroad, study on feasibility of cyclic waterflooding in block
W enxi6 was conducted by use of numerical reservoir simulation, then water injection cycle was op tim ized and
opportunity of cyclic waterflooding was demonstrated, in the end a detailed p lan was put forward. Field
app lication of the p lan has obtained some good results.
Key W ords: W enxi6; cyclic waterflooding; reservoir numerical simulation; parameter; opportunity; effect

THE RESEARCH O N THE W ATER - FLOOD ING PERFO RM ANCE O F THE HO R IZO NTAL W ELL
IN SAND STO NE RESERVO IR / W ang Tao, L i Yu - cheng, L ei Yu, et a l. D evelopm en t departm en t, Tarim

O ilf ield Com pany, Petroch ina, Korla, X in jiang 841000 /X in jiang Sh iYou TianR an Q i, 2008, 4 (1) : 67～70
Abstract: Super - deep sandstone reservoir of HD oilfield in Tarim basin was developed by the horizontal wells.
Now it is atm iddle - water - cut stage, and in some locations there are high water contentwells. In this paper we
use waterflooding feature p lot, combining with the development dynam ic data of the oilfield, pool and wells and
them analyze the water up rising law and causes for change in the horizontal well, at the same time we evaluate
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