
现场候凝 48 h, 钻具承压 300 kN, 强度满足侧钻要

求。

4)侧钻工艺过程。钻具组合: ª215. 9 mm3A+

ª172 mm 直螺杆+ 1. 75b弯接头+ ª158. 8 mmDc+

ª158. 8 mmDc+ ª127 mmDP; 造斜点位置 2 725 m ;

有线随钻定向。由于地层较硬嘉五段, 岩性灰岩,控

制钻时 200~ 260 m in/ m, 于井深 2 735 m 顺利侧出

新井眼。该井于 2 735 m 处出新眼后, 由于是水平

井,侧钻出去后, 采用稳斜钻具钻进, 水平井设计剖

面采用直 ) 增 ) 稳 ) 增, 目前该井已完钻, 设计造斜

点 3 450 m。

认识与体会

  截至目前, 江汉石油管理局共在海相深井侧钻 6

口井(新场 2井,建 69侧平 1井,建 63侧平 1井,建

27井侧平 1,建 41侧平 1井, 建 46侧平 1井) ,积累

了一定的海相深井定向侧钻经验, 同时取得了以下

认识与体会。

( 1)分析已钻井实钻资料,对制定合理侧钻方案

具有重要意义。

( 2)海相中、深井段侧钻, 水泥塞强度、侧钻点选

择、地层岩性、控制钻时及合适的侧钻工器具是提高

侧钻成功率的几个关键因素。

( 3)侧钻出新眼后, 划眼及修正窗口措施要得

当,侧钻时尽量简化钻具组合, 缩短定向侧钻时间,

确保井下安全。

(收稿日期  2003- 01- 09  编辑  钟水清)

作者简介:杨龙, 1992 年毕业于江汉石油学院开发系采油专业, 一直从事油气井测试和分析工作,现在中国地质大学(北

京)攻读博士学位, 发表论文多篇,参加过多项科研项目。地址: ( 100083)北京市海淀区学院路 21 号中国地质大学能源地质系

博 2000 级。电话: ( 010) 82320863, 13021087541。

垂直裂缝井产量递减曲线研究

杨 龙1  王晓冬1  韩永新2

( 1.中国地质大学#北京  2. 石油勘探开发科学研究院廊坊分院)

  杨龙等.垂直裂缝井产量递减曲线研究. 天然气工业, 2003; 23( 3) : 76~ 79

摘  要  文章利用叠加积分方法,先给出了在封闭油气藏中存在有限导流垂直裂缝的生产井井底压力分布公

式,再根据 Duhamel原理, 计算出垂直裂缝井的弹性产量数据, 用不稳态方法预测了单一的、存在有限导流垂直裂

缝的气井产量,并利用 Stehfest数值反演方法计算得出气井产量递减曲线、累计产量 ) 产量关系曲线,定量讨论了

裂缝导流能力、裂缝壁面表皮对气井产量、累计产量的影响, 随后举例说明了其应用方法。研究表明,无量纲导流

能力、裂缝壁面表皮对产量的影响主要集中在早、中期, 当达到晚期拟稳态阶段后,对产量的影响是比较小的。另

外,影响水力压裂垂直裂缝井产量的主要因素除了裂缝长度外, 还有裂缝的无量纲导流能力, 可能有这样的情形,

低导流能力的长裂缝和高导流能力的短裂缝等效, 从某种程度上说,裂缝的导流能力作用比裂缝缝长更加重要。

主题词  封闭油气藏  产量计算  产量递减  垂直裂缝  裂缝导流能力  数学模型

  近年来,在油气藏工程方面, 关于垂直裂缝井的

研究工作, 主要集中于不稳定压力分析方面, 如

Raghavan( 1978 年、1993 年)、Cinco- ley ( 1978 年、

1981年)和 Gringarten( 1973 年、1974 年、1975年)、

刘慈群等人( 1987年、1991 年) , 他们的工作主要集

中在油藏 ) 裂缝系统不稳定渗流及试井分析方法的

研究。在裂缝井产量分析及预测方面, 已有的解析

研究结果主要有 Prats( 1960 年)等人给出的稳态椭

圆流动近似解; Raymond和 Binder( 1967 年)利用等

值渗流阻力法给出了三角裂缝产量预测近似公式,

该公式很不准确; T insley 和 Williams( 1969 年)用电

模拟方法研究了部分压开情形下的机理型产量公

式; Cinco- ley ( 1976年)在数值计算有限导流裂缝井

壁压力时, 顺便给出的等效井径曲线。在压裂设计
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中,准确的垂直裂缝井产量预测方法有着重要意义,

王鸿勋等( 1998年)在设计计算方法研究中, 曾直接

引用了上述有关结果。关于垂直裂缝产量的研究总

体还缺乏系统的理论推演和应用方法研究工作。

数学模型的建立

圆形封闭地层中, 一口带有垂直裂缝的不稳态

渗流压力模型如图 1所示。

图 1 矩形裂缝模型

在Laplace 空间中, 圆形封闭地层的点汇解式

为:

p D( x D, yD, s) =
1
s K 0( s x

2
D+ y

2
D )

    +
K 1( r eD s)

I 1( r eD s )
I 0( s x

2
D+ y

2
D) ( 1)

垂直裂缝井的井底压力分布公式:

p D( x D, y D, s) =
1

2 sQ
1

- 1

q( a , s) K 0 s ( x D - a )
2
+ y

2
D

  +
K 1( r eD s )

I 1( r eD s)
I 0 s ( x D- a )

2
+ y

2
D da ( 2)

求解过程中,利用式( 3) :

p wD- p fD( x D) =
P
C fD

x D- Q
x
D

0
Q
y

0

q fD( u )du dv ( 3)

首先计算沿裂缝的流量分布, 而后得到井壁压

力,再根据 Duhamel原理, 注意到在 Laplace 空间中,

井底定产和定压解式有简洁的关系, 则对于垂直裂

缝井的弹性产量有:

QD( s ) =
1

s
2
p wD( s)

( 4)

对于累积产量有:

QpD( s) =
1

s
3
p wD( s )

( 5)

在对公式计算中,首先必须解决有关 Bessel函

数积分的计算问题, 利用变量变换有以下结果:

  Q
1

- 1

K 0[ ( x D- a)
2
En] da =

1
En
{P- [ K i 1( En

  + En x D) + K i 1( En- En xD) ] } ( 6)

  Q
1

- 1

I 0[ ( x D- a)
2 En] da =

1
En
[ Ii 1( En

  + En x D) + Ii 1( En - En x D) ] ( 7)

式中:  K i 1( z ) = Q
]

z

K 0( t )d t

Ii 1( z ) = Q
z

0

I 0( t )dt

称 K i( z )、Ii ( z )为 Bessel函数重复积分, 将它

们展成 chebyshev 多项式, 可以获得较好的计算结

果。再按照数值反演方法, 可快速获得产量递减典

型曲线,在选定某一参数,而其它参数相对给定的情

形下, 计算模型中主要参数的影响, 图中展示了给定

井底压力下,主要参数变化时,有限导流垂直裂缝井

产量递减趋势, 图 2 反应了无量纲导流能力变化对

产量的影响曲线,由图 2可以看出, 产量随无量纲导

流能力的增加而增加,达到拟稳态后,产量变化则趋

于一致,图 3是不同裂缝壁面表皮对产量的影响, 随

图 2 导流能力对垂直裂缝井产量影响曲线

图 3 裂缝壁面表皮对垂直裂缝井产量影响曲线
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着裂缝壁面表皮的增大, 产量是降低的,达到拟稳态

后,产量趋于一致, 图 4、图 5 分别是无量纲导流能

力、裂缝壁面表皮对累计产量 ) 产量关系影响曲线,

可以得出下列结论, 无量纲导流能力、裂缝壁面表皮

对产量的影响主要集中在中、早期, 当达到拟稳态

后,对产量的影响是比较小的。

图 4  导流能力对垂直裂缝井累计产量和产量影响曲线

图 5  裂缝壁面表皮对垂直裂缝井累计产量和产量影响曲线

应 用方 法

下面用一算例说明以上应用方法的正确性。

1.预测产量

首先要确定无量纲时间、无量纲边界距离、无量

纲导流能力和裂缝壁面表皮, 无量纲导流能力和裂

缝壁面表皮可以通过不稳定试井得到, 假设该气井

生产 150 d。

 tD =
3. 6K t
ULg c t L

2
f

=
3. 6 @ 0. 003 @ 150 @ 24

0. 22 @ 0. 02 @ 0. 017 @ 100
2 = 52. 0

 r eD =
r e

L f
=

10000
100

= 100

 C fD
K fW f

KL f
= 10

 S f =
PW s

2L f

K
K s

- 1 = 0. 5

采用压力平方法定义无量纲压力:

 p D =
2. 714 @ 10- 2

T scKh ( p
2
i - p

2
)

Tp scLgZQ

=
78. 55Kh( p 2

i - p
2
)

T LgZQ
从图 3可以直接读到无量纲产量为 0. 40, 则

 Q =
78. 55KhQD( p

2
i - p

2
)

LgZT

=
78. 55 @ 0. 003 @ 20 @ 0. 4 @ ( 302- 252)

0. 02 @ 1 @ ( 273. 15 + 80)

= 73. 8 @ 104m3/ d

2.计算封闭油藏井的最终采收量

给定废弃产量为 0. 1 @ 104m3/ d, 有:

 p D =
QLgZT

78. 55Kh( p
2
i - p

2
)
= 5. 45 @ 10

- 5

由直接计算可知, 无量纲累计产量 Q SD = 8 @ 103,

则:

QSD = Q
t
D

0
Q DdtD =

0. 04583QSZT

hUc tL
2
f ( p

2
i - p

2
)

QD =
QSDhUc tL

2
f ( p

2
i - p

2
w )

0. 04583ZT
= 10167. 5 @ 108m3/ d

以上针对圆形封闭油气藏和无穷大油气藏展开

讨论, 但方法不失一般性,可以采用拟压力方法代替

压力平方方法, 建立和求解矩形气藏,有平行断层等

多种形式的气藏模型,可按上述步骤预测气井产量。

结   论

1)给出了在封闭油气藏中, 用不稳态方法预测

单一的、存在有限导流垂直裂缝的气井产量的数学

模型、计算方法和应用。研穷表明, 影响水力压裂垂

直裂缝井的增产效果不只有裂缝长度, 还有裂缝的

无量纲导流能力,会有这样的情形, 低导流能力的长

裂缝和高导流能力的短裂缝可能等效, 从某种程度

上说, 裂缝的导流能力比缝长更加重要。

2)由分析可以得出,无量纲导流能力、裂缝壁面

表皮对产量的影响主要集中在中、早期,当达到拟稳

态后, 它们对产量的影响是比较小的。

3)用 VB6. 0结合 VC+ + 6. 0研制了垂直裂缝井

产量分析软件, 软件中包括稳态和不稳态两种产量

计算方法, 可以单独计算裂缝壁面表皮对产量的定

量影响。
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天然气井零液流量气提流动的水动力学模型*

刘 磊  周芳德
(西安交通大学动力工程多相流国家重点实验室)

  刘磊等.天然气井零液流量气提流动的水动力学模型.天然气工业, 2003; 23( 3) : 79~ 82

摘 要  文章分别以水、轻油和重油为液相, 研究了天然气井中零液流量气提流动这一特殊气液两相流动现

象。提出了零液流量气提流动的两相流水动力学模型, 应用该模型计算了零液流量气提流动的持液率和压力降。

模型计算结果与试验结果都表明,零液流量气提流的持液率随表观气速的增大而单调减小, 而摩擦阻力压力降则

不随表观气速的变化呈单调性的变化。尽管零液流量气提流的水动力学特性不同于液体流量不为零的常规气液

两相流,零液流量气提流仍遵循常规气液两相流的水动力学基本关系式。

主题词  气井  流动特性  两相流动  压力降  数学模型

  零液流量气提流动是天然气井中一类独特的持

液流动现象, 该现象是井筒中由于微量液体长时间

连续不断地积存形成了液柱, 而气体流速又不足以

将液体带出井筒所致, 表现为井筒中存在两相流气

提区, 而井口处的液体流量则近似为零。零液流量

气提流动现象使天然气井的底部井段存在持液现

象,重位压降因此而增大,该现象会严重影响天然气

的产出率甚至导致液体填死气井112。

鉴于/零液流量0这一特殊条件, 针对液体流量

不为零的常规气液两相流所提出的持液率和压力降

计算关联式不适用于零液流量气提流动。只有针对

/零液流量0这一特殊条件建立相应的流动模型, 才

能预测零液流量气提流的流动参数。本文对零液流

量气提流建立两相流水动力学模型, 计算结果与不

同液体为液相的试验结果比较, 以预测天然气井中

零液流量气提流动区的持液率和压力降。

试验研究

试验在内径 75 mm、高 10 m 的垂直管中进行

(图 1)。10 m管长代表天然气井的一段。气体进口

处安装止回阀, 先将试验段灌满液体,而后关闭液体

侧阀门,打开气体侧调节阀,试验段中即形成零液流

量气提流动。流体压力由压力表测量, 总压力降由

差压传感器测量。待流动稳定后(不再有液体被气

体携带出垂直管试验段) , 关闭气体侧阀门, 液体滞

留于试验段中。根据液位高度可确定持液率。分别

以水、轻油和重油模拟天然气井中的液体。轻油粘

度为 5 mPa#s,重油粘度为 20 mPa#s。气体为空气,
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fect of the bit dip. So , they can contr ol deviation and improve

t he bit speed. But they haven. t the abilit y to resist the deviation

force caused by the formation because of the inside mechanics

properties of t he drilling tools assemble. A iming to the steep

structures and the formations w ith strong deviating force, t hey

can. t guarantee to control deviation. To solve the problem of de-

viation control and fast drilling , besides effectiv e controlling the

side force of the drilling tools and the bit dip, enough ability

should be obtained to resist the dev iating fo rce of the forma-

tions. The 3 factors must be considered at the same time and co-

ordinated each other , then the problems of deviation control and

fast drilling can be solved practically in the steep structures and

t he formations with strong deviating force.

SUBJECT HEADINGS: Straight w ell, Dr illing technique,

Deviation control, Theoritical model, Bottom hole assembly

Sun Kui ( engineer ) , born in 1967, and is the v ice general

g eologist of Shallow Sea Petroleum Development Com.  Add:
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MODEL OF TEMPERATURE DROP MECHANISM

WHEN GAS FLOWING THROUGH CHOKES
*

Li Yingchuan and Hu Shunqu ( Southwest

Pet roleum Inst itute) ; and Guo Chunqiu ( Research

Inst itute of Explorat ion and Development, PCL ) .

NA T UR . GAS IND . v. 23, no . 3, pp. 70~ 72, 5/ 25/

2003. ( ISSN1000- 0976; In Chinese)
ABSTRACT:Based on energy conserv ation theor y and Van

Der Waals. s mixed rule, a mathematical model is derived. The

model descr ibes the phase equilibrium process w ith Peng-Robin-

son equation when gas flowing through chokes. Data acquired

from the Brow n enthalpy-entropy diagram was used to calculate

t he real cases, compar ing the r esults come from t he model with

t he data from the enthalpy-entropy diagram. Under the cond-i

tions of gas. s density from 0. 6 to 1. 0, temperatur e fr om 93. 3

to 371. 1 e and pressure from 0. 034 4 to 68. 95 MPa, the re-

sults acquired from the model matched w ell w ith the values from

t he Brown enthalpy-entropy diag ram. The average erro r was

- 0. 21% and the absolute average er ror of them was 0. 55% .

T herefore, it pr oved that the model is correct and has w ide ap-

plicable scope. Compar ing w ith t he Brown enthalpy-entropy dia-

gr am, the computer progr am of the model has the advantages

such as quick calculation, convenient application and good adapt-

ability , and provides an important tool for the eng ineering design

of the gas recovery and tr anspor tat ion and the production dy-

namic analysis such as prediction and prevention of the gas hy-

drate.

SUBJECT HEADINGS: Natur al gas, T hrottle, T empera-

ture drop w hen gas flow ing thr ough chokes, Phase equilibrium,

Mathematical model

Li Yingchuan ( p r of essor ) , born in 1951.  Add: Nan-

chong, Sichuan ( 637001) , China  Tel: ( 0817) 2642091  E-

mail: liy c@ sw pi. edu. cn

DIRECTIONAL SIDETRACKING TECHNIQUES

OF MARINE DEEP WELLS IN YUDONG AREA

OF WEST HUBEI PROVINCE
*

He Kaiping ( Jianghan Oil F ield Branch,

Sinopec) . N AT UR . GAS IN D. v. 23, no . 3, pp. 73~

76, 5/ 25/ 2003. ( ISSN1000- 0976; In Chinese)
ABSTRACT: The geo logical structures are complicated in

Yudong ar ea of w est Hubei prov ince. The sidetr acking is diff-i

cult. It is very important how to rehabilitated the productiv ity of

the old w ells wit h the new sidetracking techniques. Based on the

geolog ical and structural features in Yudong area of West Hubei

pro vince, the art icle analyzed the characteristics and the def-i

ciencies of the sidetracking techniques of mar ine deep wells. U s-

ing t he real cases o f 2 w ells, t he ar ticle described the practical

application of 2 sidetr acking types both open hole sidetracking

and casing well sidetracking in t he fields, and provided some

ideas.

SUBJECT HEADINGS: Deep well, Sidetracking, Tech-

nique, Old well, Yudong area of w est Hubei prov ince

He Kaiping ( Doctor , senior engineer ) , born in 1956, and is

the v ice gener al engineer of Jianghan O il Field Branch, Sinopec.

 Add: Qianjiang, Hubei ( 433124 ) , China  Tel: ( 0728 )
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STUDY OF PRODUCTION DECLINE CURVE FOR

WELLSWITH VERTICAL FRACTURES
*

Yanglong and Wang Xiaodong( China University

of Geosciences, Beijing) , and Han Yongxin ( Langfang

Branch of Research Inst itute of Petroleum Explo-

rat ion and Development ) . N AT UR . GAS IND . v.

23, no. 3, pp. 76 ~ 79, 5/ 25/ 2003. ( ISSN1000 -

0976; In Chinese)

ABSTRACT: Using stacking integration, the article derived

the equation of buttonhole pressure distribution of producing

wells limited diverting vertical fractures in closed oil and gas

reservoirs, calculated the elast ic production date of wells w ith

vertical fractures according to Duhamel pr inciple, estimated the

production of each well with limited diverting ver tical fractur es

by means of tr ansient testing method, made the pr oduction de-

cline curve and the cumulative production versus production

curve by means of Stehfest numer ical inversion method, and dis-

cussed the influence of fracture conductivity and fracture skin on

the product ion and the cumulative production of a gas well

quantitatively t hen explained the application w ith examples. The

study shows the influence of t he dimensionless conductivity and

the fracture skin on the product ion mainly happens in the early

and medium period, and the influence is a little in t he late period

w hen the pseudosteady state appears. O therw ise, the major fac-

tors to influence the pr oduction o f the fractured w ell with vert-i

cal fractures are the fractures dimensionless conductivity as well

as the fracture lengths. Maybe it happens that the low conduc-

tivity with long fractures is equal to the high conductivity w ith

short fractures. In a sense, the effect of fr acture conductivity is

more important than that of fracture leng ths.
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SUBJECT HEADINGS:Closed reser voir, Production calcu-

lation, Production decline, Vertical fracture, F racture conductiv-i

ty , Mathematical model

Yanglong is studying for doctor deg ree.  Add: 21
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A HYDRODYNAMIC MODEL FOR GAS-LIFTING

FLOW IN A GAS WELL WITH LIQUID FLOW

RATE BEINGZERO
*

Liu Lei, Zhou Fangde ( Nat ional Laboratory of

M ult iphase Flow in Pow er Engineering, Xi. an Jiao-

tong University ) . NA T UR . GAS IND . v. 23, no. 3,

pp. 79~ 82, 5/ 25/ 2003. ( ISSN1000- 0976; In Ch-i

nese)
Abstract:Taking w ater , lig ht oil, and heavy oil as the liquid

phase, the article studied t he special phenomenon of gas-liquid

t wo-phase flow in a gas w ell w ith liquid flow rate being zer o,

and developed a hydrodynamic model of gas- lifting 2 phases flow

w ith liquid flow rate being zero. U sing the model, the liquid

holding efficiency and pressure drop of gas- lifting flow with liq-

uid flow rate being zero was calculated. Both the r esults calculat-

ed from the model and the results fr om the experience indicate

t he liquid holding efficiency of gas- lifting flow with liquid flow

rate being zero decreases consistently as t he incr ease of superf-i

cial gas velocity, w hile the frictional pr essure dr op does not

change as the change of superficial gas v elo city . Although the

hydrodynamic featur es of gas- lifting flow w ith liquid flow rate

being zero are different from the general gas- liquid two-phase

flow, the gas- lifting flow with liquid flow rate being zero also

follows the basic hydrodynamic principles of the gener al gas- liq-

uid two-phase flow .

SUBJECT HEADINGS: Gas well, Flow proper try, Two-

phase flow , Pr essure drop, Mathematical model

Liu Lei ( assistant p rof essor , Doctor ) , born in 1967.  Add
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MODEL STUDY OF MULTI-COMPONENT GAS

ADSORPTION THEORY IN RESERVOIR POROUS

MEDIA
*

Ou Chenghua ( Southw est Pet roleum Inst itute) .

NA T UR . GA S IND . v. 23, no. 3, pp. 82~ 84, 5/ 25/

2003. ( ISSN1000- 0976; In Chinese)
ABSTRACT: Almost all gases ar e mult-i component in

r eserv oir por ous media. So the question o f g as adsorpt ion in

r eserv oir porous media can be solved only w ith the mult-i compo-

nent model. Based on the 10 mult-i component gas adsorption

model of por ous media w hich are used widely in the chemical in-

dustry, the applicability study of gas adsorption of r eserv oir

porous model has conducted integ rating the parameter values of

t he fitted single component model and the experiment data of

mult-i component gas iso thermal adsorption in the relat ive r eser-

voir porous media. The results indicate: ¹ Wilson VSM model

can be used to corr elate the mixed gas adsorption of reservoir

porous media w hen the number o f the gas components is small.

But to facilitate the calculation, the DSL model w ill be the opt-i

mal cho ice; º The adsorption data calculated by FHVSM model

have t he least differ ence wit h the data from the reservoir porous

media when the number of the gas components is big ; » Since

the number of gas components of gas reser voir is usually above

3, better r esults w ill be obtained when FHVSM model is used

for the adsorption calculation of real gas r eservo ir.

SUBJECT HEADINGS; Reservoir , Core, Mult-i component

mix ture, Adsorption, Mathematical model, Calculation

Ou Chenghua ( Doctor , instructor ) born in 1971.  Add:

Nanchong, Sichuan ( 637001) , China  Tel: ( 0817) 2642942  
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GAS-SOLID-HEAT COUPLING MATHEMATICAL

MODELOFGAS PERCOLATION FLOW IN ELAS-

TIC GAS RESERVOIR

  Wang Ziming , Jiang Tongw en and Song Wenjie

( Talimu Oil Field Branch, PCL ) and Du Zhim in

( Southw est Pet roleum Inst itute ) . NA T UR . GA S

IND. v. 23, no. 3, pp. 85 ~ 87, 5/ 25/ 2003.

( ISSN1000-0976; In Chinese)
  ABSTRACT: A new gas- solid-heat coupling mathematical

model taking the gas pr essure, r ock solid particle displacement

and absolute temperatur e as the basic varibles was set up by ap-

ply ing comprehensively the theor ies of percolat ion mechanics

rock mechanics and thermodynamics. L et it be supposed in the

model t hat the rock matr ixes in gas reservoir may be deformed

and the heat can be freely transferred according to thermody-

namic laws and the model includes the fully coupling gas perco-

lation, temperature field and rock deformation equations. The

model established by the authors, which realizes the r eal couply-

ing among percolation flow , rock deformation and temperature

change in gas reser voir and can more objectively reflect the gas

reservoir reality by contrast to the ex istent gas reservoir percola-

tion models, has developed the conventional gas reservo ir perco-

lation theor y and fluid-solid couplying mechanical theor y and can

be w idely applied to many realms of gas reservoir engineering .

  SUBJECT HEADINGS: Gas reser voir, Elastic media, Rock

deformation, Per colation model, Thermal simulation, Coupling,

Mathematical model

  Wang Ziming, born in 1973, is a postdoctoral researcher.

 Add: Ku. erlei, X injiang ( 841000) , China  Tel: ( 0996)
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DERIVATION AND CALCULATION OF A MUL-

TIPARAMETER MODEL OF FRACTURING FLU-

ID FILTRATION IN DUAL POROSITY MEDIA

  Fu Yongqiang, Guo Jianchun and Zhao Jinzhou

( Southwest Pet roleum Inst itute ) and Min Hang

( Northw est Bureau of Pet roleum Geology ) .

N AT UR . GAS IN D. v. 23, no. 3, pp. 88~ 91, 5/ 25/
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