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ABSTRACT

Thefuzzy comprehensive eval uation method and the genetic algorithmfor
predicting the yield of oil field gas have been introduced in the present
article. Two new methodsfor forecasting theyield of oil field gasin China
have al so pointed out based on the fuzzy comprehensive eval uation method
and the genetic algorithm. The experimental results show that both models
can predict theyield of oil field gasin Chinaand the experimental dataare
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in agreement with the quantitatively analytical conclusions drawn from
the calculated data. This proves that two types of new models can be used
to predict the yield of oil field gas. It resultsin good economic and social

benefitsin China.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Oil fidld gas(natura gas) hasalot of advantages
such as clean, highly efficient, abundant and easily
stored. Theglobal ail field gasyield and consumption
in 2005 reached 2.763x10%? m?® and 2.749x 102 m?,
respectively. The demand for oil field gas had gradu-
aly increased to 3.3% of theglobal oil fieldgasyield
every year and was 25% of total energy. Chinese oil
field gas consumption was only 1.7% of total world
natura gasconsumption; however Chineseincrement
inoil field gas consumption got 20.8%. Oil field gas
asacleanenergy iswidely usedin different areassuch
aselectricity power, car market and residential fuel,
etcly,

Inthe present paper, thefuzzy comprehensiveeva u-
ation method and the genetic algorithm havebeen dis-
cussed. Two new methodsfor forecasting oil field gas
yieldin Chinahave d so explained based on thefuzzy

comprehensive evaluation method and thegenetic al -
gorithm.

RESULTSAND DISCUSSION

Thefuzzy comprehensive evaluation method@

It was supposed that an actual valuewas y(t) at
thetime (t) by using m types of forecasting methods. Its
forecasting valuewas y, (t) wheni typeof forecasting
method was used. Furthermore, itsforecasting abso-
lute error valuewaswritten asfollows.
e(t)=xy()-y.(t)

Wherei=1,2,L,mandt=1,2,L,m

It was supposed that weight average (W) for fore-
casting model wasdescribed asfollows.
W= (D). w,(1).L.w, (1))

Where > w;() =1.
i=1
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Thefind forecasting modd waslisted asfollows.
50 = X (0)x3,(0)
=1

Theabsoluteerror value (g (t) ) and therdativeerror
value(n (t) ) werewritten asfollows.
e ) =y®-y0)

n(t) = ]e(_;)) x 100%

Itisvery important to set up the membership function
during checking thefuzzy comprehensiveevaluation
method. Wang Hongmingintroduced the principle of
thefuzzy comprehens veeva uation method and thelan-
guage constant. He al so explained the concept about

fuzzy setswhichinduded S, g ey » Syood @ S, - TheEIr
functionswerewritten asfollows.

(x—0.15)

2
) — »2x00106°
’l"sﬂccﬂmz (A) €
(x—0.5)°
N ,2x0.01062
Hs . (x)=e
(x-0.85°

‘usm (x) = 200106

Where u- themembership function x  x - thelan-
guagefunction

Thefuzzy comprehensive eva uation method was
onetypeof the basi ¢ gpplication method. It wastota ly
evaluated based on thefuzzy set transformation prin-
cipleand thetheory of membership degree. It wassup-
posed that afactor set (y) and acomment set (v ) were
written asfollows, respectively.

= {ul, uz,us,L.um}
= {"’1- V,,V, .L,v”}
Rwas afuzzy relation from the factor set (u) to the

comment set (v ). Thefuzzy rdation (r) wasdescribed
asfollows.

‘Rl \
R n o h L on,
R= 1; =1 Ty L n,
M M M
% Rm P, % & .
?ml ?ml L ]mn 3

Wherer, =y (u,.u,).0< 7, <1.
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Different factorshad adifferent effect on an affair,
so ratio of afactor to thewholeaffair must be consid-
ered. A fuzzy vector (a) waswritten asfollows.
A=(a;.a,.L.a,)

Where- having an effect onthesinglefactor y.

Whenthefuzzy vector ( 4) and thefuzzy relation
(r) was solved, the comprehensive eval uation vector
(8) wasdescribed asfollows.

B=A40 R=(b.b,,L.b)
Wherewas eval uated based on thesinglefactor .

There are three methods to solve b, such as
M (A,v), M(e,®)and m (*,A). Results got from
threemethodswere B, Band B, respectively. It was
supposed that acompound vector (g ) waswritten as
follows.

B =(B,,B,.B,)

It was supposed that theweight average (1 ) of three
methodswaslisted asfollows.

A =14 dL)

5
Where 4 >0and D 4 =1.
i=1

Comprehensive evaluation vector (p ) at the sec-
ond timewaseva uated asfollows.

P:/l B:(pl’pl‘l"pn)
It was supposed that advantages of thefuzzy set Sfor

thefuzzy set S,was 9,(S.S)).

0.
q5(S,.S,) = v <s,(x)Ap < s (x)) x 1113};::;"J
s;(x)

Where x « x

M <5, (x) =max(u, ) HLK

Ed

p<s(x)=p, LEx

X*- XOf max(,ug(x)) '
The optimum fuzzy set () was described asfollows.

qs(L) g5(2.1) L g,(Lk)
05 =|4,(21) ¢5,(2,2) L q5(2,k)

M M M

q;(k.1) qs;(k.l) L q(k.k)

Thefuzzy vector w waswritten asfollows.
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W = (w (1), w,(2). L,w,(¢))
Where“}(f);_\f.is (7. J)

Thefina weight average (w) waslisted asfollows.

w, (1) w, (1) I w (1)
i w;(7) i w;(?) rz w;(f)
i=1 i=1 i=1

TABLE 1 showed the rel ationship between different
prediction model sand predicting theyield of oil field
gasfor smal piecesof ailfield. Experimentd resultspre-
sented that theyield of oil field gascal culated by the
fuzzy comprehensve eval uation method was closeto
theactua vaue.

W=

TABLE 1: Therelationship between different prediction
models and predicting the yield of oil field gas for small
piecesof ailfield.

Different prediction models fTellfil%:f(r%)
Declining model 16.12
Water drive characteristic model 16.32
Logic model 18.51
Differential Model 17.24
Neurd networkmodel 17.21
fuzzy comprehensive eva uation model 17.35
Actual value 17.30

Thegeneticagorithm for forecagting theyield of oil
field gas.

The generalized Wengshi model wasamodel for
predicting ail field gas production®. ChenYuangian ex-
plained more detail s about the generalized Wengshi
model. Itsmoded waswritten asfollows.

[ 4

Q=ate " t=y~¥,

Where a- constant; a - o ;b - COnstant; ¢ - constant;
y - the prediction of theyear; y,- the beginning of the
year.
Yang Shuzi®™introduced an exponential smoothing
model which could forecast ail field gas production.
Theexponentid smoothing modd meant that apredicted
value at thetime (t+1) weighted average with an ex-
perimentd vaue. Theexponentid smoothingmodd was
listed asfollows.

CHEMICAL TECHNOLOGY

Xe1 = agX, +(1—ay)x:,0<a, <1.

When g,equals 1, x.1 = X, . It means the predicted
vaueegua stheexperimentd vaueat thetime(t). When

% equals 0, the predicted val ue does not change.
Shua X unbo poi nted out the opti mum group modd
about predictingtheyield of ail fieldgas. Theoptimum
group modd meant that thegeneraized Wengshi model
connected with the exponential smoothing model to-
gether. It waswritten asfollows.
{

Q:ﬂm‘beizﬂ 1= agx+(1—ag );f 1:0=ap=<l:0<p8<1
Where g,- constant; - weight average; Q- theopti-
mum group model.

The optimum group model was cal culated based

on the genetic algorithm. There were four steps de-
scribed asfollows. (1) It madesurepopulationsize(s),

crossover probability ( p,),mutationprobability ( p,, )
and iteration condition. N types of beginning popula
tionsweredetermined. (2) Eachfitnessfunctionvalue

was computed. (3) Its reproduction probability was
cal culated based on the abovefitnessfunction vaue. It

was supposed that crossover probability ( p.)

andmutati onprobability ( p,, ) wereknown duringthe

genetic process. Finally N types of new popul ations
weregotten. (4) Steps(2) and (3) did not redo until its
result wasconvergence. Thefina optimumgroup model
waslisted asfollows.

13
Ocalculation (a:b.¢.aq B)=Fai’e e+(1-p)ap-+(1-ag)xr 1
a>0:;5=0;c>0:0=ap<1:0<p<1
Small piecesof oil field gasin Liaohe oilfield were
forecasted. It was supposed that populationsize(s),
crossover probability ( p.),mutationprobability ( p,,)
and iteration number were 80, 0.60, 0.001 and 1600,
respectively. Parameters of the optimum group model
were listed in TABLE 2. Using above parameters
forecasted theyield of oil field gasshownin TABLE
3. Experimental results showed that relative errors
of the optimum group model werelower than these
of the generalized Wengshi model, so the optimum
group model was better than the generalized Wengshi
model.
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TABLE 2: Parameter sof theoptimum group model

Par ameter a b c 3 5
\(,)aﬁ)ﬂ;n um 82.60569 0.65824 7.39091 1.26201 0.24167

TABLE 3: Comparison between the optimum group model
and thegener alized wengshi model

The generalized The optimum group

Wengshi model model
Yields Forecasting Relative Forecasting Relative

yields errors yields errors

(10'm?) (%) (10'm?) (%)
99.60 81.55 18.12 93.01 6.62
14991 120.34 19.73 141.89 5.35
193.23  160.97 16.70 180.73 6.47
20520 197.26 3.87 210.25 2.46
255.64  250.46 2.03 255.31 0.13
304.83  280.54 7.97 300.08 1.56
33362 352.73 5.73 347.82 4.26
23165  310.57 34.07 288.92 24.72
163.28  260.31 59.43 205.36 25.77
141.63  200.72 41.72 138.26 2.38
CONCLUSION

Inthispaper, theauthor hasintroduced that thefuzzy
comprehensive eval uation method and the genetic al -
gorithmlead to and are closely in accordance with pre-
dicting the practica experimental vaues. Oil field gas
yieldin Chinacan beaccurately estimated. Thefuzzy
comprehensive eval uation method and the genetic al -
gorithm point out that predicting oil field gasyield not
only hasavery important significance, but also pro-
videsatheoretical referencefor chemica plantsor oil
companies. Itisimportant for Chinese government to
designand utilizerightly and optimize natural resources
and may increase Chinese government’s benefits. This
mathematica method iseffective, economic, smpleand
convenient and thusit issuitablefor chemica plantsor
oil companiesinChina
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