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OZET

Bu calismada dogal catlakli rezervuarlarda yatay kuyularin
basing davranislar: incelenmistir. bzellikle akis
rejimlerinin belirlenmesi amaciyla genis bir parametre
araligi icipn boyutsuz basin¢ denkleminin Laplace transformu,
Stehfest,[16] algoritminden yararlanilarak niimerik olarak
cozitlmiistiir. Elde edilen t, ye karsi Py, , dPy/dlnt; basing
diigiimii degerleri incelenerek akis dbnemleri belirlenmis ve
grafik olarak gbsterilmistir. Yatay kuyularin belirgin bir
davranigsi olarak literatiirde verilen kisa ddnem ve ge¢ dénem
varilog dogrularina ek olarak ara doénem de iki ayri akis
rejimi gdézlenmistir. Bu tezin amaci bu akis rejimlerinin
ortaya c¢i1kis kosullarini belirleyerek kuyu testleri iizerine
vapilacak calismalara 1saik tutmaktair.



SUMMARY

PRESSURE BEHAVIOR OF HORIZONTAL WELLS
IN NATURALLY FRACTURED RESERVOIR

Theoretical -studies and field results show that,
horizontal wells have a great performance in thin reservoir
and fractured reservoirs, and in the case of water coning and
high vertical permeability.

Several works on the pressure behavior and productivity of
horizontal wells have been published [1]-[6]. The pressure
equation for horizontal wells in homogenous reservoirs which
is used in this study to derive an c«cquation for naturally

fractured reservoirs was obtained by Clonts and Ramey,[1l] and
6zkan et al,[2].

-

_JE 1+, 1-Xp va
Pp= Y {[erf(—z\/z_) +erf(—=Dlexp( g7)
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To derive this equation, uniform-flux condition was
assumed in the wellbore .Infinite-conductivity well solution
was nbtained from the uniform-flux well solution by using the
equivalent pressure point method[1],{2]. To compute wellbore
pressures x;=0.732, y;=0 and z;=z,+ry

where
r k
r.. = (__'f) =
wD h kz

Altough the horizontal wells in homogenous reservoirs has
been investigated in several studies[7],[8], the naturally
fractured reservoir case has not been examined enough.
Carvalho and Rosa,[8] investigated transient pressure
behavior of horizontal wells in naturally fractured reservoir
by using Warren and Root,[9] double porosity model. Another
study on the transient pressure behavior of horizontal wells
in anisotropic naturally fractured reservoirs has been
published by R. Aguilera and Michael C. Ng,[7]. But both of
these studies did not discuss the existance conditions of the
flow regimes for a wide range of reservoir and fluid
parameters.

The main cobjective of this study is to investigate the
existence conditions of various flow regimes in the case of
flow toward a horizontal well in a naturally fractured
reservoir., To obtain a solution for this case, s is replaced
by sf(s) in the Laplace transform of the homogenous reservoir
solution given above and the resulting expression |is
multiplied by f(s) throughout[8]. The result is

P, = —Zl‘—fKo(\/sf(sj f,) de

o«
E cosnmz, COSNRZ,,

Ra=l
+1

[#%fsE(s) + n*n?L] £,) da
-1

where

2y = [ (xp-0)2 + y3
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For the De Swaan-0,[11] model used to idealize the fractured
reservoir in this study, f(s) is given by

. I Aw! Jw's
f(s) =1 + S tanh(\ T)

kp (3
A/=12 ( m) ( 2
keh, h}

= 9xCultn
b (Cehry

w!

Results presented in this study are obtained by using
Stehfest,[16] algorithm to numerically invert the above
solution. Asymphtotic approximations of the dimensionless
pressure solution are obtained analyticaly bv using the
asymthotic expressions for f(s) appropriate for early., late
and intermediate solutions for f(s).

As shown in [13], for early times f(s) is ~yual wo 1: for

late times it is equal to (l1+yp") and for interaediate times
/ /
F(s) =A@
3s

Using these approximations, early, interHxdiate and late
ime approximations of the dimensionless pressure solution
.re obtained for horizontal wells in natura'ly fractured
eservoirs. Thnse equations show the existence of two new
.emilog straight 1lines (and thus two new flow periods
eferred to as "early intermediate flow period" and "late
ntermediate flow period") in intermediate time as compared
o homogenous reservoir case. The asymphtotic approximations
re as follows;

Early time approximation:

2

r'-' T

P, = - 4}:‘7 (In £, - In L,f +0.80907)
D
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Farly intermediate time approximation

2

1 Ao’ Lyp
P, = AL (In £, ~ 1In . in -Z.E +1,04099)

Late intermediate 1lime approximation

PN
P, = 'ZT (ln t, - 1n (13“‘ ) +5.04099)

+ O(Xp, X)) + F

Late time approximation
P, =0.5 (1n t, + 2.80907 - ln(1+w))) +
o(x,, y,) + F

In the above expressionsg
I, | Kk,
wo h k

0 (Xp, Yp) = —';-[(x,, - 1) 1n ((x, - 1)2 + y3)
- (Xp+ 1) In ((xp+ 1)% + yf)

2y,
- 2y, arctan(— - ) .
_VU (XD + y;; - 1) ]

&

F(Xpo X oyr 2,50 L) =
+1

Y cosam (z,t1,,) COSHKZwaKO (£pLonm)
-1

nsl1
and f, = J(x-a)?

As can be seen from these approximations, for early
times the semilog graph of P, vs t; yields a straight line
which has a slope 0.576/1,. For early intermediate times, the
siwmilar praph yvields a straoight line which has a slope of
0.2878/Ly. In the same fashion the late intermediate time
straight line has a slope 0.576 and late timwe straight line
has a stope 1,151,

In this study the begining and the endlng tines of flow
regimes were investipgated for wide ranges of reservolir and
fluid parameters. The dimensionless well 1length L; was
chosen as 1,5,10,100, the dimensionless fracture transfer
coefficent e was chosen as iFE-32}1'<1E+3, and the
dimensionless matrix starativity, @' was chosen as 10=g'=100.
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The computer progam which was used to compute pressure and
derivative responses is given in EK-A. The procedures which
vere used to compute the integrals and the series in the
solution are discussed in [15]. Plots of P; and dP,/dlnt,
vs, t, are shown in EK-B and the tables of P; and dP,/dInt; in
EK-C.

The following observation were made about the flow
regimes;

Flow regime 1 (early time approximation) was evident only
for small values of 1’'@’ product. The maximum value of L'’
at which Flow regime 1 existed increased as L; increased.
This flov regime was observed only during the early radial
flow period in the reservoir.

Flow regime 2 (intermediate time approximation) was not
detected for ’'=10 and for L2100 . It was evident only
during pseudoradial flow period in the reservoir (late
intermediate time). The straight line corresponding to the
early intermediate time was evident only for large values of
A0’ product and the one corresponding to the 1late
intermediate time was observed for '21000 and 1'5104.

Flow regime 3 (late time approximation) was only evident
during pseudoradial flow period in the reservoir.

The results of this study indicate that the end of flow
regime 1 is dictated by the end of the early radial flow
period in the reservoir if Lp;z5 , A @' <L:'/1000 and Lgs1.25 ,
AMw' <0.1. In this case the time at which Flow regime 1 ends,
t;s1s is the same as that for homogenous reservoirs and is
given by

2

—_— € —

bps: =

1.2x10°2 (Lps1.25 , Aw/0.1)

If 1,25, 1'ew’'<L;’ and L;s1.25; 1°p’°>10, then Flow regime 1
ends when flow from the matrix system to the fracture systen
begins. In this case the time for the end of Flow regime 1 is
given by

£ = 2.8x10°%



Farly intermediate time straipght line becomes evident at
times, tys:, given by
A

flere 340=A=380 (A=380 for [.,25 and A=340 for 1l =1). This
corelation coaincides with that given for the begining of Flow
regime 2 for vertical wells. No correlation was found lor the
end of early intermediate flow period. Similarly, it was not
possible to obtain a correlation for the begining of the late
intermediate time straight line. The ending of the 1late
Intermedliate tlme flow period, ty,,, however, s glven by

- Bw/’
Ps2 <
A/

Here B takes values between 0.6 and 0.66 depending on the
value of o',

If 1°=10%, then Flow regime 3 begins at time

3.7w/
Crps = Y,

which is the time for the beginning of Flow Regime 3 for
vertical wells., If A72100, then the beginning of Flow regiwe
2, ty, 1is given by

tps = 4.207

When ’=10, this correlation takes the form

t = 4.6w

12025



1. Girig

Sondaj teknolojisinin son yi1llarda oldukga geligmesi,
yvapilan teorik g¢aligmalarla yararli: oldufu bilinen fakat
yakin zamana kadar genig bir uygulama alani bulamaya~ yatay
kuyular konusunu ginde : getirmigtir, Ozellikle k. 1nlij:
diglik olan rezervuarlarda dlUgey kuyulara gdre 2 - 6 kat
verimlilik saflamasinin yani sira istenmeyen akigkan
konilegmesine engel olmas:1 ve dofal catlaklara daha kolay
ulagmasiyla oldukgca ©&nemli yararlara sahip olan yatay
kuyufar. baz1 sahalarda bagariyla uygulanmaya baglanmigtair.
Yatay kuyularin homojen rezervuarlardaki verimlilifi ve
basing davraniglari {lizerine pek ¢ok aragtirma yapilmigtir
(8rnefin {11 ~ [s] ). Yatay kuyularin homojen
rezervuarlardaki basing davranig: kuyu igerisinde sonsuz
iletkenlik (infinite conductivity) varsayimi kullanilarak
incelenmigtir. Bu varsayim ve c¢dziimler hakkinda ayrintil:
bilgi [2] de verilmektedir. Yine [Z] 'de yatay
kuyular igin verilen asimtotik ¢bzlimler agafidaki gekildedir:

Erken ddnemde:

= 1 - ;r_ 2 (1.1)
P, iL, (In £, - 1n ( L”"D) + 0.80907)
gec ddnemde:
p, =1 (lnt, + 2.80907)
)] 2 D . (1.2)

+ 6(x,,¥p) + F(Xp, 2,00 Typs Lp)



Bu bafintilarda

Po(Xp, Ypr Zpe Zyps Lps Ep) =

kh (1.3)
m (Pi P(erlzrzglLl t))
0,0010588 kt
ty, = (1,4)
? ¢C.pL?
2x
=T
2
Chl
Z
2 3 (1.5)
z
w0 = R
» I = —‘r-—w. —-k—£
W h k
L= L | X (1.6)
2 2n\ k
0(xp¥p) = 2[(xp=2) 1n ((x, - 1)? + ))
- (Xp+ 1) 1n ((xp + 1)? + y3) (1.7
2y,
~ 2y, arctan
Yo ((XD+YD_1))]
F(Xps Zypr Zyps LD)IB
- +
Y cosnm (z,+r,5) cosmczwpf K, (£pLonmw) de (1.8)
n=1 -1

2, = f(xpma) T

Yukaridaki bafintilarin elde edilmesinde rezervuarda iki
boyutlu anizotropi oldufu varsayilmigtir. k, digey, k ise
yatay ydndeki gecgirgenlifi gdéstermektedir (yatay ydnde x ve
y dofrultusundaki gegirgenliklerin biribirine egit oldugu
varsayilmigtir).

Denk. 1,1'in gecgerli oldufu ddnemde diigey diizlemde gevrel
ak1g olugurken, bir gecig ddéneminden sonra, Denk. 1.2 ile

verilen d6nemde yatay dilzlemde, yalanci cevrel aki§ meydana
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eelir. Sekil 1 de bu akis ddnemleri sematik olarak
eBsterilmistir. Kiiciik zaman degerlerinde ortaya ¢ikan ¢evrel
akis, rezervuarin alt ve izt sinirlarinin etkileri
hissedilmeye basladigi veva kuvu uclarinin Otesinden akis
basladigi1 anda sona erer. Bu akis donemlerinin varolus
zamanlarini veren bagintilar asagidaki [2] esitliklerle

verilmistir. Erken d&nem icin:

(1-lx)) 2
20 1
(ZD + ZwD)z

(20L2)
[(z, + 2,5 - 2]2J
(20L2)

kmin 2 €, (1.9)

Gec donem icin

100
(mL,)?
25 [(xp, - 1)% + y2 }maxs t,

25 [(x. +1)2 + y¥]

(1.10)

Homcjen rezervuarlar iizerine 3

vapilan calismalarin oldukca

zengin olmasina ragmen. AN

dogal catlakli rezervuardaki . . @\‘9
: : : — s ,

vatay kuyvularin basing , ‘

davranislari iizerine cok az

A B

calisma vapilmigtair.
tlkemizdeki petrol

Sekil 1: Yatay kuyularda
A)Erken B)Gec¢ ddnemde olugan
bir bdliimiiniin dogal catlakli: zk15 gekilleri.

sahalarinin oldukeca  Dbiyik

olmasi bu konunun &Snemini

dahada arttirmaktadyir. Literatiirde dogal catlakl:
sistemlerde vatay kKuvu uvegulamalari iizerine yapilan
calismalar arasinda baglica veri Aguilera ve digerleri,{7]
ve Carvalln ve Rosa,[8]. tarafindan sunulan bildiriler
Almaktadir. Bu rtalismalarda vatay kKuvular icin matematiksel
Riv omodel vardimivia cifr gdzeneklilikli sistemlerde basinc

Javeanis! oo wastir o s annak kayac akiskan
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catlak

matriks

Sekil 2: Kullanilan blok modelinin sematik g&riiniimii.

parametrelerinin (A ve @) akis ddnemleri lizerindeki etkileri
detayli olarak incelenmemistir. Bu calismada dzellikle dogal
catlakli: sistemler tizerine vapilan calismalar gdzden

gecirilerek vatay kuvuelar icin akis ddnemlerinin ortaya

cikisinit belirleyen parametre araliklari arastirilmistair.

Nadal cartlabttae i Ui ervuar catlak Ve matriks

€2

-
3¢

sistonleorinden nlusur, Carlal sji<romi cob viksek cacirgenl
1thip olmasitna  rvagmen cok  ditsitk depolama  kapasitesine
sahiptir. Bunun tersi matriks sistemi icin gecerlidir, vani
diisiik zecirgeanliklere karsin vilksek depolama kapasitesi
matriks sisteminin karakteristik Ozelligidir. Catlakla
rezervuarlar {izerine vapilan arastirmalarda pek cok dé?isik
model bu tip sistemleri tanimlamakta kullanilmistar.
Literatiirde oldukca genis bir yer tutan bu calismalardan
bazilari [9-18] de gdrilmektedir. Bu modellerde kullanilan
yvaklasimlar arasindaki temel fark matriks sisteminden catlak
sistemine akis sokli izerinedir. Warren ve Root, [9]
tarafindan vapilan c¢alismada bu akis igin, yari kararli akis
varsaytmt kullanilarak analitik c¢dzimler elde edilmistir.
Warren ve Root’un bu calismalarinda rezevrvuar basing
davranisa Gzellikle iki parametreye haslq olarak
incelenmisti{r; bovutsuz matriks depolama sabiti g, ve
hovutreuz catlak vransfer katsavisit . Daha sonra bu konuda
~alroan vapan Fa-emi . [10] Fararsaz ik varsayiminl

PoadYan ool STty g nitwe r il Siamulardr Pallanarak elde
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eccigi sonuglari yari kararl: akis sonu¢lariyla
karsilastirarak orta uzunluktaki zaman degerlerinde bir fark
oldugunu gdstermistir. Daha sonra yine bu konuda calisan d-~
Swaan,[11] ve Najurieta,[12] kararsiz akis icin analitilk
¢6ziimler vayinlamistir. Bu calismalarda Sekil 2 de gdriilen
iist iiste dizilmis matriks ve catlak sistemlerinden olusan bir
model kullanilmistir. Bu ¢Oziimleri kullanan Serra ve
digerleri,[13]. gecis dbneminde, erken ve ge¢ ddnem yarilog
dogrularinin yar: eZimine sahip iliciincii bir varilog dogrunun
varligini aciklamistir. Serra ve digerleri,[13] tarafindan
vapilan bu calismada Warren ve Root,[9] tarafindan tanimlanan
A ve @ parametreleri yerine agagidaki bagintilarla verilen )’

ve @' tanimlari kullanilmistir:

k,h r2
A=12 (SEmEy (ZE)
keh, h2
A=A ‘ (1.11)
= ¢mcm'hm
¢ (Ceh,
. (1-w)
w

0.),
(0]

Burada alt indis m ve f sirasiyvla matriks ve catlak
sistemlerini gdstermektedir. hy, =nh, ve n iist liste dizilmis
matriks bloklarinin (slab) savisidair. (Sekil 2)

Serra ve digerlerinin -ddéal catlakli rezervuarlardaki
disey kuyvularin basinc davranislarini inceledigi bu calismada
da 6zellikle ara donemde gdzlenen ve ikinci akis rejimi
olarak tanimlanan yarilogaritmik dogru ve analizi detavl:
olarak verilmistir. Yine ayn1 calismada )1’ ve @’ a baZl:
nlarak bu ara rejime ve gec dbneme ait baslangic ve bitis
zamanlarini veren korelasyonlar ve akis ddonemlerini
tanimlayan asimtotik yaklasimlar asagidaki sekildedir {(zar
etkisinin varligi ihmal edilerek):

erken dinem icin:

P, =-= (ln £, + 0.80907) (1.12)

N



ara dénem icin:
fon?
P,,D=—} (In £, + 1.0409 -1n(-"-32-)) (1.13)

gec ddnem igin:

P,p = -;- (1n £, + 0.80907 - 1n (1+&”) (1.14)

Bu baZintilarda;

p, = KelielPy - Do) (1.15)
b 141.2gBp
.637x107
g, - 2537107 Kt (1.16)

¢fpr30:

Bu yaklagimlarda da gérﬁlebilecegi gibi ara zaman igin, t;
P varilog grafifi egimi 0.576 olan bir dogru verecektir.
Aynt gsekilde erken ve geg donemler 1icin elde edilecek
yarilogaritmik doZrunun egimi 1.151 otlacaktir.Bu dofrularin
baglangi¢ ve bitis zamanlari {sirasiyla ty ve ty;, ) agagida
verilmigtir [13].

Aki1sin ¢atlak sisteminden oldugu erken dodnem igin (birinci

ak1g rejimi @’'=10, 1'=10"");

tog ® 5%10*3 (1.17)

Matriks ve catlaktan birarada akigin oldufu ara doénem igin

(ikinci akig rejimi ig¢in baglangig ve bitig zamanlari);

_ 380

/
A’ (1.19)
l/

tDsZ

Son egitlikteki A deferi @' a bafli olarak 0.61 ile 0.65
arasinda degigmektedir. Matriks stnir etkilerinin
hissedildigi gec ddnem (figlncil ak1g rejimi ) igin beliren

egimi 1.151"e esgit clan vartlozaritmik dofrunun haslangic
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zamani ise su korelasvonla verilmekrtedir

. 3.7w
Epps = v (1.20)
Bu calismada da yatay Lkuvularin gdsterdigi akis

dénemlerine ait boyutsuz zaman degerleri incelenerek, Serra

ve digerleri, {13} tarafindan verilen korelasvonlarla
kargsilastirilm: tir. Gatlakla rezervuarlarda vyatay
kuyularin basi - davranisini veren bagintinin elde edilmesi

i¢in kullanilar ydntem yine yukarida anlatilan ¢alismalara
paraleldir. Jotal catlakls bivr rezervuarda idiretim vapan
vatay bir kuyun-m basin¢ davranigt homojen bir rezervuar icin
basing denklemin Taplace traansformunda s verine sf(s)
verlestirerek, ters Laplace transformunun alinmasivla elde
edilebilir (Carvalho ve Rosa,[8]). PBurada dc Swaan-0,[11]

modeli ig¢in f£(s) asagidaki bagintivla verilmektedir.

= (,l Ao Jw's (1.21)
£(s) =1 + --53— tanh(\ N",{/.)

Bu yontem doZal catlakly vecervuavlar dizovias  wopalan
baslica galismalardada kullantlmistir. Y8atemin aveintilar:
{8] de verilmistir. Elde edilten bagintinin inalitilk olarak
ters Laplace trnsformunu almak wmiankia olmadi2indan, hasing
deéerléri Stehf 3t,[16] algoritmi vardimiyla niimeril olarak
elde edilmistir. Akis dOnemlerinin analiz edilebilmesi icin
gerekli olan geg¢ (late time) erken (early time) ve ara
(intermediate time) zamaq cHziimleri , ise asimtotik
vaklagimlarla bulunmustur. Bu calismalar sonucunda, asimtotik

g riilebilen, ara zamanda homojen rezervuaardaki

&

¢cdziimlerde de
vatay kuyulard:n farkli olarak iki svarilsg dndacu olde
edilmistir. Bu c¢alismanin temel amact dogal catlakly
rezervuardaki yo'ay kuvularin basi1ag davran:islarinain analiczi
igin biyik Snem tasiyan Fakat simdive kadar ithmal odilais
olan akis rejiml rinin ortava cikis kosullirin:y aciklamak ve
kuyu testleri ‘onusunda vapilacak olan ¢ lismalaca stk

tutmaktar.



2. YATAY KUYULARIN GATLAKLI REZERVUARLARDAKI BASINg
DAVRANISI

Bu galigmada matriksden gatlafa tek boyutlu kararsiz akig
varsayimina dayanandeSwaan4inﬂ modeli kullanilmaktadir.
Rezervuar Gst ve alt sainirlari akiga kapal: » Yatay
dogrultuda 1ise sonsuz bUylk varsayilmakta ve mekanik zar
faktdrt ile kuyu ig¢i depolanmasi etkisi ihmal edilmektedir.
Rezervuarda ikl boyutlu anizotropi varsayilmigtir [digey
ydndeki gecgirgenlik (k;) yatay ydndeki gecgirgenlikten (k)
farklidir. Matriks ve gatlak ozellikleri sabit
vafsayllmaktadlr. Alt ve {ist sinirlar: akiga kapali sonsuz
bir rezervuarda yer alan yatay bir kuyunun gematik gdrinfigl
Sekil 3'de yer almaktadir.

|
—
-
" { >
e L ~4 -y

L & el etatettalats § 2 2o

{, m
'——-L—-—c [ B vt

i

i

Sekil 3:A1t ve OUst sinirlari akiga kapal: sonsuz bir
rezervuardaki yatay kuyunun gematik goriniimi.
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Gozimlerde kullanilan ©boyutsuz defigkenler agagidaki

bagintilarla verilmektedir;

k:h,

_ Kkehe o _ (2.1)
Tat.2 gog Pt ~ P

Py =

_1.055x10%k,t
? ¢ CenL?

L, = L | X (2.3)
2~ 2n\ k.

(2.2)

&
[} il
N N

X bl

S
1}

(2.4)

:,-L:N N

k (——)a

mh 2

! = o

A 12 (7—7;)(———3—4 (2.5)

= ¢mc m
b Cehe

Sonsuz varsayilan ve homojen bir rezervuardaki yatay bir

Y

kuyunun basing davranigini veren ifade agagidaki gibidir

[2};

tp
1 1-
B, = LT [te:f( %) + erf( 2/?”
(-¥2)
°xP{"ZE (2.6)

[1+2Y exp(-n?r?L3E)

n=1
cosnxn z, cosnnz,, | &
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Bu ifadede kuyudibi.bas1nglar1n1 hesaplamak i¢in y, =0 ve
Zp=Zp+ry kullanilir [2] -

.;;EZJ’ nin sonuglarina gdre bu caligmada kullanilan
boyutsﬁz kuyu wuzunluklarir ig¢in (L;z1) x;=0.732 deferinin
kullanilmas1 sonsuz iletkenlikli bir kuyunun basing
davranigini hesaplamada yeterince dofru sonuglar verir. Daha
8ncede belirtildigi gibi basing dekleminin gikartilmasinda
Denklem 2.6 nin Laplace transformundan yararlanilabilir.
Denklem 2.6 nin Laplace transformunun alinmasinda agafidaki

ifade yararlidir;

e %) e (17X) ]

[ e
W (2.7)
2
= 2 exp (-u?) du
o
35—Vt

Bu ifadede agafidaki defigken doéntigiminii uygulayarak,

Xp—0
2,/E,
@ = X,-u Zi/fp
du= - &
2/t,

Denklem 2.8 elde edilir.

Xptl
2y/tp
2 exp(-u?)du =
ﬁ xp-1
2,/Cp
-1 (2.8)
Xp-&
Lfep[‘zt) 1 [-—:_]de
T % D 2/¢t,
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Denklem 2.7 ve 2.8°1 Denklem 2.6’ da kullanirsak agagidaki
ifade elde edilmektedir;
Epe1 (X _‘a)z+y3)
PD=—J-'-ffexp[ Do =P .1da
4 4k
0 -1
[1+2 z;exp(-nznﬂz.;i)
nw

COSnRZ, COSNRZ,, ) _%{_

(2.9)

Bu bafintiy:r agafidaki gsekilde yazabiliriz;

Py=1I +F (2.10)

Burada

. - 2 2
Y L SR B

w0
F ==Y cosnnzcosnxz,,
n=0

N

+16p o) 2y (2.12)

-10

Laplace transformunu alarak, I, ve F igin agafidaki

ifadeler elde edilir;

+1
a-l (2.13)
wmz4mﬁm«
L(F) = %2 cosnnz cosnnz,,
a=1 (2.14)

+1
f K, (Js+n*u?Lp £)) da
-1



12

burada;
‘?D = (XD_a)a + yg (2.19)
Sonuc olarak
+1
Q(p) =B,=1I +F-= -élgfxolﬁ ?,) da
1
+1 ¥ cosmnz, cosnnz,, (2.16)

sl

+1
fKo( s+n®n?Ly f,) da
21

BSliim 1°'de aciklandig:r ¢ibi, dogal ¢atlakli rezervuarlar
icin vatay kuyu basing denklemini elde edebilmek amaciyla

Denklem 2.16°'da s yerine sf(s) kullanirsak

+1
B,=1I +F-= %fl{o(y’sf(si #,) da
T

&

+ cosnmz, COsSnnz,, (2.17)

Wl
:M£

t

ns=

+1

fKo (v'sf(s) + n?niLE £,) da
1

Burada;

_ A/ Jw's (2.18)
£ls) =1 ‘\J—fs- tanh{y=57)

Denklem 2.17’'deki integral ve serilerin sayisal olarak
hesaplanmasinda kullanilacak vbntemler [15] de agiklanmistir.
Pu denklemin Stehfest,[16] algoritmi kullanilarak niimerik
nlarak cdziilmesiyle, elde edilen dogal catlakli rezervuarda
yvatay bir kuvunun tipik basinc ve tiirev davranislari Sekil 4
ve 5 de gériilmektedir.

Cozimlerin elde edilmesinde kullanilan bilgisayar
program:1 FEK-A’ da, L;=1., 5,10,100 ve 10syg’=1000, 1E3=)1'=1E+3
dedorleri icir hasine ve tiirev grafikleri ERK-B'de, basinc ve

ritreyv rablolar:s FE-C’de sunalunustur.
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3.CATLAKLI REZERVUARLARDA YATAY BiR KUYUNUN
BASINC DENKLEMININ ASIMTOTIK ¢OZOMLER!.

Dogal g¢atlakl: bir rezervuarda yatay bir kuyunun basing
davranigini1 veren Denklem 2.17'nin asimtotik ¢dzimleri
agafidaki gekilde bulunabilir;

3.1. Erken Ddnem Yaklagima

Zamanin kiiglk deferleri ig¢in gecerli olan asimtotik bir
ifade Denklem 2.17'nin s sonsuza giderken limitini
deferlendirerek elde edilebilir. Zamanin kiglk deferleri

icin [13]):

lim sf(s) = s (3.1)
o

alabiliriz.

Once I, fonksiyonunu deferlendirelim:

+1

lim I, = -k [K (/5 £;) da (3.2)

S s

Denklem 3.2’nin deferlendirilmesinde agafidaki bagintilar
kullanilabilir:

Ky(x) = % fexp(—t— 2t E
[}

4t (3.4)

«1 3
fexp(-w)da
]
VB [ors1-20JU , o p (1+2)JU,
vu 2/% 2v%

1im [erfM + eIfM] = ﬂ

S+

2
B=2 (li<1) (3.5)
=1 (IxJ=1)
=0 (bJ>1)
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" Bu durumdag

+1 «

o= 1 fif,.y _Sfp, gk
Uz = 55 [3[CE -0 Fae
- Jg{exp(-z) exp (- —‘%’f’i (3.6
[erfw + er (1 XD)‘/— dE
2V% vt w/f—

Hata fonksiyonlar:i ve 8 i¢in Denklem 3.5’ le verilen ifadeyle
Denklem 3.3 ve 3.4 kullanilarak Denklem 3.6 vyeniden

diizenlenirse:

- 2
= 8Yp, d&
+ I, = ﬂ exp(-E) exp(~-—=) — (3.7)
4s { 4§ N3
elde edilir. Egitligin sag tarafindaki integral

deferlendirilirse agagidaki ifade elde edilir:
i = -m%“: = axp (v vs) <3.8)

Simdi ¥ fonksiyonunu deferlendirelim.

lim F =
g

wl

o
Y cosnnzcosmz,,
as1 (3.9)

f K, (ys+n?n3L] £,) da
1

Yukaridaki ?, fonksiyonu i;in uyguladifimirz yonteni

kullanirsak

lim F‘S ﬂg COSI]TCZDCOBDEZWD
"s...nznaLg (3-10)
exp ( -lyJ\}smzn’Lg
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Kaynak 15°de verilen agafidaki bafint:i yardimiyla;

cosnwz, cosntz :
2 e exp (-yp/s+n?niL] =
n= ¢s+n‘ﬂ‘Lp

1 (z-2,-2n)%
Z‘ELDE (K‘J[J L2 +y2:/e ]

—, £ (3.11)
z+z, -2n)*
+K°[\[( X ) +yi/gl)
D
_ exp(-»/s)
2/5

Denklem 3.10'u Denklem 3.12 de verilen gekliyle yazabiliriz.

R R~ (zp-2z5-2n)2
limt F = =3, [%( 17 +¥p V8)

gae 5° pe-w D

(3.12)

_ 2
. mJ ‘zﬂ*“; 200, y2yE) ]
D

- I’;‘-?,—;exp(—bful VE)

Denklem 3.12 ve 3.8’in toplanmasiyla

2
a=-= Lp (3.13)

- 2
+ K, (J ‘z”*zzg 20 sy2 v

- i {2,-2,,~2n)2
lig\ Pp =—4_SD;E [X, (J 22 +yp V5)

D

Bessel fonksiyonlarinin 6zelliklerinden yararlanarak
agafidaki ifadeyi yazabiliriz

lim K, (J (zpizwp-Zn-)-;wyg vs)
o= Lp (3.14)
2

D
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Bu durumda

lim P, = 7%5 Ky ({2p-2,0) 2/ La+ys 3) (3.15)

Ters Laplace transformu alinarak erken dénem igin agagidaki
ifade elde edilir;

2 2
p, = - b g - (%% Iotys,

4L, 1tp (3.16)

IPERY
,,_%_ [In ¢, - ln((zLL-“:ﬁ-ryf,) + 0.80907]
D

Burada B8 Denk. 3.5'le verilir.
3.2. Geg Dbnem Yaklagim:

Geg ddnem i¢in yaklagik ¢odziim Denklem 2.17 nin s sifira
giderken limitini degerlendirerek bulunabilir Bu durumda
£(s) agagidaki ifade ile verilir [13] .

lim f(s) =1 + w'/ (3.17)
g-f

Ky i¢in s’in kiigiik degerlerinde agafidaki yaklagim kabul
edilebilir;

lim K (a/X) = - In (Lgx/_:‘_‘__) (3.18)

Denklem 3.17 ve 3.18°1 kullanarak.?l fonksiyonu (Denk. 2.13)
agafidaki gibi yazilabilir;

+1
LimT; =2 (K, (/5(1+0") £;) de
8-0 284

" (3.19)
= - _le_ f(y+lnfp+lm/s(1+w’) -1n2) de
-1
Denklem 3.19’un integralini alarak
= 1 1
I =-2lns+-—1n4a-X
: 2s 2s s (3.20)

1n 1+w' ' 1+0(x,, ¥p)
28 8
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elde edililir. Burada

0 (x5, ¥, = 0.25 [(x,-1) ln(yg+(x,-1)2
= (xp+1) 1n (yp+ (xp+1)? (3.21)
2yy )

- 2y, axrctan(
2 (x3+y5-1)

Denklem 3.20’'nin ters Laplace transformu alindifinda I,

igin agagidaki ifade bulunur;

I, = 0.5 [ln t, + 2,80907 - 1ln (1+w') 1] (3.22)
* O(XD,YD)

——

F fonksiyonunu deferlendirmek igin s’in kigik oldugu

durumlarda agsafidaki yaklagim kabul edilebilir

lim(sf(s) + n? w2 L2) = n? =? L} (3.23)
8-0

bu durumda
+1

limF = = Y cosnmz, cosnnz,, f K,(nuL, £,) da (3-24)
8-0 s =l -1

ters Laplace transformu alinarak

- +1
F = E cosn z, cOosnnz,, f Ko(n‘“Lpf'p) do (3.25)
~1

n=1

Sonu¢ olaruak ge¢ ddnem icgin agagidaki ifadeyi vazabilirizy

P, =0.5 (1n t, + 2.80907 - ln(1+w/)) + (3.26)
o(x, ¥y, + F
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3.3 Ara Dénem Yaklagimlari

Ara ddnem analizi 1ig¢in iki yaklagim kullanilabilir.
Bunlardan birincisi s’in bayiik (erken ddnem), ikincisi ise
kiicik (ge¢ ddnem) oldupu fakat her iki durumda da f(s) igin
Serra ve digerlergﬂﬂtaraflndan verilen agafidaki 1ifadenin

gecerli oldufu varsayimidir.

M e (3.27)
f(s) = 3sg

3.3.1. Erken Ara Ddnem Yaklagima
Yukarida agiklandifi1 gibi bu ddénem igin;

_ I M/ (3.28)
Sf(S) = g —3—3—-

yaklagimint kullanarak Yl. fonksiyonunu agafidaki gibi
yazabiliriz;

+1
T =1 fx (4 sh'e’ £.) da (3.29)
1 28 A (¢] 3 D

Denklem 3.3 ve 3.4 kullanilarak Denklem 3.29 yeniden
ditzenlenirse;

—
F_.1 17 \A‘;,s £p & g 3-30
1"2"5‘!1‘5{9@(“5'——'25——)6 o

veya

o L [oxp(-E) —YEE__
= 4Sfexp( &) 4 77
0 si'w
3
4 len!
(1425) o ‘9"3"’ (3.31)
[erf 2E
(1 )‘ SAI(D,
-X
+ erf *N 3 p 4t
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Erken ddnem 1{¢in s sonsuza giderken Denklemn

yararlanarak Denklem 3.31 yeniden dilzenlenirse;

i

limf, - ﬂfs [exp (<€)
[}

Y w/ Yg
emﬂ-\ 25 ) Adi’/
shw
Jr 3

Denklem 3.32' deki integrali deferlendirerek;

4
limi = __._E.g_____ exp(-lyy _SM.)
L

4‘ sAw! 3
3

s

L

elde edilir. Benzer gekilde

o
o—— 1
F= = COSNRZ,COSNRZ

t1

I
[ & (\, 5*3‘*’ + n*n?L} £, )da
b6

Denklem 3.3 ve 3.4 kullanilarak;

L]
1im 1-;_.-8 1;'} COBNNZ,CO8NRZ ,

V- g 4 2S nel / I
\IQI 5"3“’ + n*x:L?

Ton?
exp (-IyDI\J -‘?%‘—"- + n*w2Ll)

ve Denklem 3.11’ in yardimiyla;

3.5'den

(3.32)

(3.33)

(3.34)

(3.35)

(3.36)
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Denklem 3.32 ve 3.36 toplanarak;

Po = AL,8

ol - -2n)2 4 N
)2 A L Zvo 2,y \I o, (3.37)
ns=1 V LD 3
2n)2 4 N
+ K, (J (Z”+z£‘;+ 27,y \l AWy}

D

elde edilir. Daha 6nce'gasterildigi gibi (Denklem 3.14);

z - 2 é {os/
lim KO(J (2p2Zp-20)" | ygﬁ’ shw )
ge l@ 3
(3.38)

(z,~2 2 4 I
D awD) + y§ SA® )
Zd 3

‘<1imx°(\’
g«

Bu durumda

po= B (z5-2,5) 2 2 sA/w’ (3.39)

Ko igin Denk. 3.18"'de verilen logaritmik yaklagim:

kullanarak;

p,=-B_
. “‘n‘: Ve (3.40)
~«y-lnr,-=1lns-=1n 22 ;1
(-y nz,---1in i n 2)
yazabiliriz. Bu ifadede
(zp-z,,) 2
D= DzwD +yg
LD

Sonuc¢ olarak;

len?
Py = & (in t, - 1n Ao _a 3 +1.04099) (3.41)
16L, 3
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3.3.2. Geg Ara Ddnem Yaklagimi
Bu dénem igin TT. fonksiyonunu agagidaki gibi yazabiliriz.

+1
T o= 1 fK (‘ sh/w! ) da (3.42)
1 25 J (4 3 D

Ky igin Denklem 3.18 1ile verilen logaritmik yaklagim
kullanilirsa, ge¢ dénem icging

4

leo!
orr, sA'w

3 ) da

(3.43)

2

8-0

+1
1im1'-;=--,}§f1n(
-1

elde edilir. Bu ifadedeki integral deferlendirilirse

s ln ———
lim [1 ® o ’:3; = ‘zwmjgcwém # me‘l':gnsén (3.44)

3]
lng , 1+0(x, ¥p)
4s s

Burada o(x3,yYy) Denk. 3.21 ile verilir. Bu ifadenin ters

Laplace transformu alinarak;

lon/
I‘“% (In t, - 1n (";’) + 5.04099) (3.45)
+ O(XD,YD)

bulunur. Daha 6nce ge¢ ddnem i¢in kullandifimiz yaklagimla

(Denk 3.22)'F fonksiyonunu degerlendirirsek

+1

limF = + Y cosnxz, cosn'n‘.zwp_f Ky(nnLy £;) da (3.46)
8-0 g ne=l Y

ve ters Laplace transformunu alirsak

- *1
F= Y cosanz, cosniz,, f Ky (nuLpfp) da (3.47)

el -1



elde ederiz.

Sonug¢ olarak;

1 Aw!
P, = = (In t; - 1n (S5=) + 5.04099) (3.48)

+ o(Xp, Yy,) + F

bulunur.



4. KARAKTERISTIK AKIS DAVRANISLARI

Dogal catlakl: bir rezervuardaki yatay kuyularin basing
davraniglarinin incelendifi bu galigmada literatiirde homojen
rezervuarlardaki yatay kuyular i¢in verilen erken ve geg
ddnem akig rejimlerine ilave olarak, ara dénenmnde or}aya ¢i1kan
ve iki ayri1 yarilogaritmik dofru ile karakterize edilen yeni
aki1y ddnemleri gdzlenmigtir. Bunlar erken ara ve geg ara
dénemler olarak adlandirilmiglardir. Bu akig dénemlerinin
karakteristikleri ve varolug kosullar: agafgida

tartigilmigtir.

4.1 Dofal gatlakl:r Rezervuarlardaki Yatay Kuyularin Akig
Rejimleri.

Ek-B de verilen gsekillerde t, ye kargilik dPy/dint, nin
degigik L1',w’ ve L, deferleri igin logaritmik grafikleri
g6rilmektedir. Bu grafiklerde =zar faktéri sifir kabul
edilerek L', @’ ve L, ‘nin basing flizerindeki etkileri
incelenmigtir. Inceleme aralij 1e-35islé3 , 10=24"=1000 ve
Lyi=1,5,10 ve 100 geklinde secilmigtir. Biitin gsekillerde
Tg=1E-3 ve z,=0.5 alinmigtar.

Tablo 1: L, =1 igin akig rejimleri.
(- -}

Erken ddnewn Geg doénem
A'Ve’ 10 100 1000 10 100 1000
1E-3 R1 R1 R1 R3 R2,R3 R2,R3
1E~2 R1 R1 R1 R3 R2,R3 R2,R3
1E-1 R1 R1 R1 R3 R3 R3
1IE O R1 R1 R3 R3 R3
1E 1 R1 R2 R2 R3 R3 R3
1E 2 R2 R2 R3 R3 R3
1B 3 R2 R2 R3 R3 R3

Ociincti  bdliimde gbsterildifi gibi dopgal ¢atlakl:1 bir
rezervuardaki yatay bir kuyunun basing davranigi 0O¢ akig

rejimi gbstermektedir.
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Tablo 2: L; =5 icin akig rejimleri.

Erken ddnem Geg ddnemn
A'\e’ 10 100 1000 10 100 1000
1E-3 R1 R1 R1 R3 R2,R3 R2,R3
1E-2 R1 R1 R1 R3 R2,R3 R2,R3
1E-1 R1 R1 R1 R3 R3 R3
1E ¢ R1 R1 R1 R3 R3 R3
1E 1 R1 R1 R1 R3 R3 R3
1E 2 R1 R2 R3 R3 R3
1E 3 R2 R2 R3 R3 R3

Tablo 3: L; =10 icin akig rejimleri.

Erken donem Geg donem
A Ve 7 10 100 1000 10 100 1000
1E-3 R1 R1 R1 R3 R2,R3 R2,R3
1E-2 R1 R1 R1 R3 R2 ,R3 R2,R3
1E~1 R1* R1 R1 R3 R3 R3
1E 0 R1 R1 R1 R3 R3 R3
1E 1 R1 R1 R1 R3 R3 R3
1E 2 R1 R2 R3 R3 R3
1E 3 R1 R2 R3 R3 R3

Tablo 4: L, =100 icin akig rejimleri

Erken ddénem Geg dénen
A’V o 10 100 1000 10 100 1000
1E-3 R1 R1 R1 R3 R2,R3 R2,R3
1E~-2 R1 R1 R1 R3 R2,R3 R2,R3
1E-1 R1 R1 R1 R3 R3 R3
1E 0 R1 R1 R1 R3 R3 R3
1E 1 R1 R1 R1 R3 R3 R3
1E 2 R1 R1 R1 R3 R3 R3
1E 3 R1 R1 R3 R3 R3

i) Birinci Akig Rejimi (R1)

Bu akis rejimi rezervuarda digey dizlemde gevrel akigin
varoldufu ve akigin sadece cgatlak sisteminde oldufu kiigik
zaman deferlerinde gdzlenir. Denklem 3.16 ile tanimlanan bu
aki1g rejimi Py-t, yarilog grafifinde efimi 0.25/L; olan bir

dogruyla karakterize edilir.
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ii) Ikinci Akig Rejimi (R2)

Bu akiy rejiuni marriks sisteminden gatlak sistemine akigin
bagladiga ara  doncwmi temsil eder., 'ger bu doénende
rezervuarda diigey diizlemde gevrel akiy varsa bu dinem erken
ara divnen olarak adlandtrebar ve Denklem 3,410 Ple tamimbanir,
Bu dénemde Py~-t, yari1log grafigi ¢giml 0.125/L¢ olan bir dogru
verir. FEger matriksden g¢atlafa akisin bagladifi: donemde
rezervuarda yalanc: ¢evrel akig olugursa bu akig donemi geg
ara dénem olarak adlandirtilir ve Denklem 3.48 ile tantmlanir.
Geg¢ ara donemde Py-t, yvartlog grafifgi egimi 0.25 olan birs

dofru verir.

iii) Ucinct Akig Rejimi (R3)

Bu akls‘rejimi cgatlak sisteminde depolanmig olan akigkanin
timiiyle {iretilmesinden sonra baglar. Bu doénemde {iretilen
btdn akigkan matriks sisteminde depolanmig olan akigkandir,
Bu akig rejiminin ortaya ¢irktig:r donemde rezervuarda yalanca
cevrel akiy varsa bu donem Denklem 3.26 ile tanimlanir ve Py~
ty yartlog grafipgi efimi 0.5 olan bir dofru verir.,

Yukarida tanimlanan akiy dénemlerinin ortaya ¢iktif
parametre araliklar: Tablo 1-4’de verilmigtir. Bu tablolarda
bir akig rejiminin varligr igin o rejlme ait karakteristik
yarilog dofZrunun en az bLir logaritmik devir gdzlenumesi
(efimde * %5°1ik hata ile) gerektifi varsayilmigtir. Akiy
donemlerini pgésteren yarilog dofrularin varoluy kogullar:
A, ve Liy’ye baflr olarak aragtirilmigtir. RBivinei akig
rejiml (R1) A'@’ garprminin kiglk deferlerinde gdézlenmigtir.
Bu akig doneminin gdriilebilecefi en biiyiik A'e’ deferi 1,
arttikca artmaktadir., Tablo 1~4°de rezervuarda ditgey diizlemnde
cevrel akigin olustufu zaman aralifi "Erken dénem", yatay
diizlende yalanci gevrel akigin olugtugu zaman arali1fida "Geg
ddnem” olarak tanimlanmigtir. Bu galigmada dikkate alinan
batiin A’ ,0’ ve L, degerleri icin yalnizca cgatlak
sistemlerinde akigin oldugu birinci akiyg rejimi geg donende

gdrGlmemigtir. Buna kargilik erken ddnemde 1,210 ve °'=10
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icin bitin )’ degerlerinde gdrilmiy ve @' arttikca buyidk A’
deferlerinde kaybolmugtur. Matriks sisteminden c¢atlak
sistemine aki1gin bagladig: ikinci akig rejimi (R2) hem erken
dénemde (Erken ara ddnem) hemde ge¢ ddnemde (Geg ara ddnem)
gorllmigtdr. fxinct ak1g rejimini karakterize eden yarilog
doru '=10 igin erken ve geg¢ dbnemde higbir A’ve L,
degerinde gdrilmemig, Ly2100 igin ise sadece ge¢ ddnemde
gdrilmigtir. Erken ara donem yarilog doffrusu 1’@’ ¢arpiminin
bilylik defferlerinde gézlenmig ve bu dogrunﬁn gdrilebildigi en
kiigik A1'w’ deferi L, arttikga artmigtir. Geg ara donem
vyarilog dogrusu ise bitiin L, deferleri igin "2100 ve A’=10t
deferlerinde gdrdlmigtiir. Bfitlin iretimin matriks sisteminden
yapildig1r dclncii akig  rejimi (R3) sadece geg¢ donemde
gozlenmigtir.

4.2. Aki1g Ddnemlerinin Ortaya ¢Ciktifi1 Zaman Araliklari

Incelenen parametrelere bagl1 olarak akig dbnemlerinin
ortaya c¢iktigi zaman araliklari ve bu akig donemlerine ait
baglangi¢ ve bitig zamani korelasyonlari her d&nem ig¢in
agafida verilmigtir.

4.2.1. Birinci Akig Rejimi (R1)

Denklem 3.15’ le tanimlanan bu akig ddénemi P, , t, yarilog
grafiginde efimi 0.576/Ly, olan bir dofruyla karakterize
edilmektedir. Erken ddnemi (birinci ak1g rejimi) gdsteren bu
yarilog dofru digey kuyularda A'e’ garpimi biiyiirken
kisalmaktadir (Serra ve digerleri,'[lsl) Yatay kuyularda ise bu
durum Ly’ye bafli olarak farkli O6zellikler gdstermektedir.
Bunun nedeni bu aki1§ rejiminin sona ermesine farkli olaylarin
yol agmasidir. Esas olarak birinci akig rejimi ya digey
diizlemde c¢evrel akig sona erdifinden ya da matriks
sisteminden gatlak sistemine ak1g bagladifindan (hangisi 6nce
olugursa) sona erecektir. Bu galigymada elde edilen sonuglara
gdére Ly25 , 1'w’'<L,’/1000 ve L;=1.25, 1'@°<0.1 olmasi halinde
birinci akig rejimi diigey diizlemde gcevrel akigin son bulmas:
nedeniyle sona erer. Bu durumda bu akig rejiminin sona erme
zamani, tp;; homojen rezervuarlarla aynidir ve denklem 1.9 ile

verilir. Ancak unutulmamalidirki denklem 1.9° dan hesaplanan



zaman degerleri yaklagibtir. Bizim hesaplarimiza gbdre;

) LA
L.z 1400 (4.1)
CDSJ =
1.2x1077 (Lps1.25 , Mw/<0.1)

jeklindedir,

P . 1
Yine bu c¢alisgmanin sonuclarina gore 1,25 , Y e'<ly ve
Ly51.25, A27@">10 igin birvrinci akig rejimi matriks sisteminden
¢catlak sistemine akigin baglamasi nedeniyle sona erer. Bu
durumda bu aki1g rejiminin sona erme zamani

2.8 x 1072

= )
L] Cstb-v-—-——i-/—(:)—/-———— (4~,«)

seklinde verilir.,

1 LD=1, w'=1000.
Q
=
=
Q.
©
ms=1/(8LD)
10-;3" 10 = 10 107t 10! 1
D

Sekil 6: I, =1 ve @'=1000 igin ki1sa ara ddnem dofrusu.
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4.2.2 fxinci Aki§ Rejimi (R2)
txinci akig rejiminde Denklem 3.40 ve 3.47 ile belirlenen ve
Py, ty grafifinde efimleri 0.289/L; (erken ara dénem) ve
0.576 (ge¢ ara dodnem) olan yarilogaritmik dogrularla
karakterize edilen 1ki ayr:i akig dénemi g8zlenmigtir.
i) Erken Ara Doénem

Bu akig donemini gOsteren tipik ttrev zaman pgrafikleri
Sekil 6 ve 7 de gérQilmektedir. Baglang1g zamaninin daha énce
diigey kuyular i¢in verilen ara d8nem korelasyonuna uyan,
asafi1daki ifadeyle verildigi gdrilmigtiir;

cm:-i-/% (4.3)

Burada 340s5A=380' dir. L;z5 igin A=380 ve Lpsl icin A=340
degeri bulunmugtur. Genel olarak A=360 kullanilabilir.

Bu aki§ rejiminin sona erig zamanina ait herhangibir
korelasyon kurulamamigtir. A’ 1n blytimesi bu akig rejimini
gésteren yarilog dofruyu kisaltirken @' 1n artmasi bu dofruyu
uzatmaktadir.Yine L, nin blyilmesi bu rejini gdsteren yarilog
dogruyu gittik¢e kisaltmakta ve L;=100 deferinde bu dofru

tamamen yok olmaktadair.

D=8, w'w1000.

-
A

dPD/dIntD

2:16‘ Ly
10 10 10~ 10 10 10" 1

td
Sekil 7: Ly =5 ve @'=1000 icin kisa ara dénem dofrusu.
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wy LD=1 &'=1000.

[

[T

dPD/dintD !

MN=1e-1

-t
10 T Vv VO oerery T v vorrig T v vty T ot T v vtrrg T v ittt

10 10° 10° 10! 10° 10!

10

Sekil 8: L, =1 ve ¢’'=1000 icin geg ara ve uzun ddnenm
dofrulari.

ii) Gec Ara Doénem Bu akig ddneminin tipik davranigi L, nin
10 ve 1 degerlerinde, @'=1000 durumu icgin Sekil 8 ve 9 da
verilen grafiklerde gésterilmigtir. Baglangi¢ zamani igin bir
korelasyon kurulamamakla birlikte @' = 1000 icgin JA’'dan.
etkilenmedifi, sadece o’ = 100 i¢in L’ kiicildikce yarilog
doZrunun baglangi¢ zamaninin bUylUdGft gorilmigtir. Bitig
zamani tpg, 1¢in yapilan 1incelemede digey kuyularda ara
ddnemin sona ermesi icin verilen korelasyona [li] uyan

agagidaki sonu¢ bulunmugtur.

/
B o (4.4)

B sabiti ¢’ a bafli olarak 0.6 1ile 0.66 arasinda
defigmektedir A° 1n bu sabit fOzerindaki etkisi ihmal
edilebilecek kadar azdir.
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w LD=10 @'=1000.

/dintD

<D

10 -t Do I e a2t G s a g A S S D) S B e g ) S M 2 L 1) SN e S R 2L R R RN A L))

Sekil 9: L; =10 ve ’'=1000 icin geg¢ ara ve ge¢ ddnem
dofrular:.

4.2.3. Uclincti Aki1§ Rejimi (R3)

Uc¢lincii akig rejiminin baglangi¢ zamani (tys) i¢in bir
iligki aragtirildifinda }2’sle-2 igin diigey kuyularla [13]v'
uyum saflayan agafidaki korelasyon elde edilmistirx

tpps = _3%3' (4.5)
A’ 1n daha biyik deferlerinde bu egitlik gegerliligini
kaybetmigtir. Bunun sebebi gatlak igerisindeki akigkanin
tamamen fUretilmesi ve akigin matriks sisteminden olmasi
sebebiyle )’ etkisinin kaybolmasidir. Bunu dofrulamak igin
yapilan aragtirmada 1’ 1n 100 ve daha bilylik oldufu durumlarda
homojen rezervuarlarda elde edilen deffere benzer bir

korelasyon bulunmugtur:

tops = 4.2 @ (4.6)
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w'= 10 igin bu egitlik
topy = 4.6 wf

halini almaktadir.
3. akig dbnemi lzerinde L, nin

gzlenmemigtir,

herhangibir

(4.7)

etkisi



.

5. DASING AZALTM OZOMLIETRI

Basing azaliw testi icin akig doénemlerini belirleyen
asimptotik yaklagimlar normal logaritua v Louyutlu
degigkenterle yeniden ditzvenleverelh elde edilen denklemler,
civilecek Ly ye karys Py oyvarr logaritwih grafiklerinin, baza
kavag  ve akiykan pavrawetrelerinin bulunmasinda  yararla
olabilecegini gdstermigtiv., Bu tip bir aragtirmada en dnewmli
sarun aky doneminin tanitmlanmasidir. Du honuda
uygulanabilecer bir ok degigil ydntem meveuttur, REgri
cgakigtirma yontemi veya tirev efrilerinin genel
karalteristiginden vararlanilarak akg rejimi
tanimlanabilir (Gozlemler penel olarak erken ara doncme tilrey

cgrisinin alttan, pec ddneme ise fistten yaklagtipgi, peg ara

dénemde  ise Ll icin ustten falat bliviik @', A°
degerlerinde alttan yaklagsma efgilimin de oldugunu

ghstermigtivr.),

5.1 Brken Douem Ve Prleon Ara Dounewm Coziimloenri

Prien dten fcin veerilen NDend Ten 3.14 4 K icin
logaritmik yaklagim kullanilarak elde edilen ters laplace

transfarmu Denklem 5.1°1e verilmigtirv.,

or N
Py = in (n £, - 1a(#)" + 0.80907) (5.1)

normal logaritma ve boyutlu defZiskenler cinsinden yeniden
diizenlersek;

Kk,
P, - P, =m (log t + log ——5— - 2.6253) (5.2)
4’:‘7:!11’:«

burada 1t;°ye kargar Py varitlog grafiginin efimi "mn" Denklen

5.371e tantwmlitdrr,

m= 102.698) (5.3)

L yKeke,
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Erken ara dénem icin bulunan Denklem 3.40°1inormal logaritma

ve boyutlu defiskenlerle yeniden dizenlersek;

kZh?
P; - P,=m(log t + log < £t - 2.5245) (5.4)
BEwn ke ,Cpl?
Burada t,’ye karg:i P, yari1log grafiginin efimi "m" Denklem
5.5’1le tanimlaidar.
m = 813958 (5.5)

L JKekes

Denklem 5.3 veya §5.5° le verilen bu efimlerden
yararlanarak k;k¢; deferi bulunabilir. Efer herhangi bir
yé6ntemle L, (efgri c¢akistirma vs.) belirlenebilirse ki ve ki,
parametreleri bulunabilir.

Erken ddnem ve erken ara ddnem yarilog dogrularinin
kesigme noktasi olan t, deferi Denklem 5.1 ve Denklem 3.40’
1 normal logaritmaya cevrilip birbirlerine egitlenmesiyle

bulunabilir;

1.6845 (5.6)

fo = Alw!

Bu denklemi boyutlu defigskenlerle yeniden diizenlersek;

532.2278(¢£th1)3p (5.7)
n*k.$,.Cn
Bu durumda matriks gecirgenligi,porozitesi ve

sikigtirilabilirlik katsayisinin bilindifgi varsayilirsa,
Denklem 5.6’ kullanilarak ¢C¢h; deferi bulunabilir. (n=h/h,

varsayi1larak)

5.2. Geg Ara Ve Geg Dbnem Godzlumleri
Gec ara dbnem icin verilen Denklem 3.47 adi logaritma ve

boyutlu defigskenler kullanilarak yeniden diizenlenirse;

(P;~-Pwg) =m (log t + log a»(kfhf)a‘ +1.177) (5.8)
0% ok,
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Burada t,’ye karsi P, yari1log grafifinin egimi "m" Denklem
5.91a tanimlaidir.
m = 81.27 gﬁg (5.9)
k.he
Geg d8nem i¢in Denklem 3.25’ le verilen {ifade logaritma

ve boyutlu defgigkenler kullanarak yeniden dlzenlenirse

P;-P,, =m (log t+

k
log £ $ 0k -~ 1.1547) (5.10)
uLz (¢fo+“_m'I'1'—‘E)
4
Burada efim "m"
m= 162.598 (5.11)
¢ keh,

seklindedir. Denklem 5.9 veya 5.11 kullanilarak k(hy deferi
bulunabilir. Yine ge¢ ara donem ve ge¢ dénem dofrularinin
kesigme noktasi kullanilarak bazi1 matriks parametreleri igin
baz1 yaklagimlar saglanabilir, Bu ama¢la Denklem 3.25 ve
3.47 adi logaritmaya cevrilip egitlenirse Denklem 5.12 elde
edilir.
{
Ep = Lﬂﬁé_“-’- (5.12)
1+ s

Boyutlu defigskenlerle yeniden diizenleyerek sonu¢ olarak;

2
.. 532.22718%0”1%# (5.13)

elde edilir.
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SONUGLAR

Yatay kuyularin catlakl: rezervuarlardaki basing
davraniginin incelendigi bu ¢aligmada elde edilen bajslica
sonuglar asafidaki gsekilde dzetlenebilir:

1. Dogal c¢atlakli rezervuardaki yatay bir kuvu, homojen

rezervuardaki yatay kuyular i¢in literatiirde verilen erken
(diigey diizlemde gevrel akig) ve ge¢ (yatay dilizlemde yalanci
gevrel akig) donemler olarak verilen akig rejimlerine ilave
olarakh ara ddnemde erken ara ve gec ara olarak adlandairitan
iki akrg donewi gdstermigtir.
2) Erken dénem olarak tanimlanan birinci akig rejiminde akig
dilgey dﬁzlemdy cevrel olarak ve tamamen gatlak sisteminden
olwahtadir. D akyyg dinewt Py~In bty graflginde egimi 1/41,
olan bir dopruyla karakterize edilir. Matriksten catlaga
akigin bagladigr ara doénemde (fkinci akiy rejinmi) ise eger
rezervuarda diigey diizlemde cevrel akiyg varsa bu dénem erlen
ara donem olarak adlandirilir ve Py~1n t, grafiginde egimi
1/8L; olan bir dofruyla Larakterize edilir. FPFger bu doncumde
rezervuarda diigey diizlewnde yvalanct ¢evrel akiy varsa bu aky
donewi gec¢ ara donem olarak adlandirilir ve Pp-In ty grafipi
efimi 1/4 olan bir dofru verir. Gatlak sisteminde depolanan
akigkanin  téwil QOretilip, akigin matriks sisteminden ve
valanci ¢evrel akiy olarak meydana geldifi ge¢ donemde
(Gglincll akig rejimiy) ise aynt grafik egfimi 1/2 olan bir dogru
verecektir.,

3. Birinci akiy rejimi ditisey diizlemde cevrel akigin sona
ermesiyle yada matriks sisteminden ¢atlak sistewmine akigin
baglamasiyla sonag ever, a o galigmanin sonuglarina gdire Lyx5,
Ao'<ly' ve 1,81.25 , A'w’20.1 olmast halinde birinci akiy
rejiml digey dOzlemde ¢evreel akigin son bulmasi nedeniyle
biter. Bu durumda  boyutlsuyz sona erme zamani homwnjen
rezervuarlarla aynidir., Birinci aki1g rejimi Lyz5, A'w'<Lf ve
Ly=1.25, A'@’'>10 icin wmwatriks sisteminden c¢atlak sistewmine

akigin baglamast nedeniyle sona erer.



4) Ikinci akig rejimi matriks sisteminden catlak sistemine
abigin bhagladifr ara dénemi tewmsil eder. Eger bu dénemde
rezervuarda digey dizlewmde cevrel akig varsa bu ddnewm erken
ara donem olarak adlandirilar Bu doénemde Pp-t;, varilog
grafifi egimi 0.125/L,; olan bir doEru verir. Efer matriksden
catlafa akigin bagladtfg:1 dénemde rezervuarda yalanci cgevrel
akig olugsursa bu akiy dénemi geg ara dénemn olarak
adlandirailar Geg ara donemde Py-ty yarilopg grafigi eBimi
0.25 olan bir dofru verir.Brken ara d&nemin boyutsuz
baglangi1¢ zamani ile pge¢ ara dénewin boyutsuz bitig zamanlar:

diigey huyularla aynidir,

5) Diijey diizlegde yvalanct cevrel akigin oldugu pgeg dénemde
Ise akigin tamamen matrikes sisteminden olmasi sebelbiyle A7 n
etkisi kaybolmug, 6zellikle A’'>1x10"? icin howo jen
rezervuarlarla ayni bovutsus 2amanda geg dbnem bagylumaktoda e,
Dahia kiiclik A' degerlerinde Tse Lu ddnew dlyey huyularla aynd

zamanda baglamaktadir.
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SIMGELER

8 = Denklem (3.5) ile taniml

Cy = Sikigtavrilabilirlik

M1 (x) = Pxponausiyel Integral

Prr(x) = Hata fonksiyonu

F = Yatay kuyu yalaner zar faktorQ

h e Urethen von kalinlig

K. = Defigtirituwiy Bessel fonksivonu (0.derece)
k = Gecirgenltibh, wd

I. = Yatay kuyu urunlugu, I

P = Pastug, paia

q = Uretim debisi, RD

r = Yartr cap, 1

S . = Laplace sabiti

t = zuaman, saal

X = x dofrultusundaki konum, f1

Y =y dofrultusundaki konum, [t

2 = y dagrultunondaki honum, ft

¥ = [uler sabiti, 0.557722....

¢ = (Gdzeneklilik, orvan

A = Boyutsuz ¢atlak transfer Latsavisi
A’ 2 Pepllew ¢1.11) 1le tantwly

n = Akmazlih, op

™ = Boyutsuz matriks depolama sabiti
@' = Denklew (1.11) ile tantmla

n = Pi sayist, 3.14159....

a = Ditgey catlatirtmty kuyu yvalancr zar faktori

Alt indisler

D = Poyutsuw

f = catlak

i = t1k

m = Matriks

W = Kuyu

wi = Kuyuya akity

2. = Diigey
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FILE HWLAP1.FTN 04/22/1988

PROGRAM COMPUTES THE DIMENSIONLESS
PRESSURE DROP DUE TO PRODUCTION
FROM A HORIZONTAL WFLL IN A NATURALLY
FRACTURED RESERVOIR.
SOLUTTON IS OBTAINED BY NUMERICALLY
INVERTING THE LAPLACE SPACE SOLUTON.
IMPLICIT DOUBLE PRECTSTON(A=H,0-7)
DIMENSION TP(30),TI(14),V(50),G(50),H(25)
DIMENSION FA1(8),FBI1(8)
REAL LD,LAMBDA
EXTERNAL P
COMMON /DATA1/XD,ZD,ZWD, LD, LAMBDA , MPAR
COMMON /DATA 2/ TOL, TDW , W
DATA TI/1.0,1.5,2.0,2.5,3.0,3.5,4.0,4.5
*,5.0,6.0,7.0,8.0,9.0,10.0/
REFAD(5,*) XD,RWD,ZWD, W, AMBDA, MPAR
ZD=ZWD+RWD
READ(5,*) ILC,NCT,TOL
READ(S5,*) N
999 READ(5,*,END=9999) LD
WRITE(8,1000)
1000 FORMATC/////,17X, "HORIZONTAL  WEL1  DIMUNSTONLESS
PRESSURE )
WRITE(8,1009) XD,RWD,ZD,ZWD,LD, W, LAMBDA
L 0 0 9 F ORMAT C / , 27X , ' XD
=',1PE12.4,/,27X, 'R¥D=",1PF12.4,/,27X, 7D =,
& 1PE12.4,/,27X,°7ZWD=',1PE12.4,/,27X, LD =’,1PE12.4,
& /,27X,'W =’ 1PE12.4,/,27X, 'LAM=",1PF12. 1)
WRITF(8,1001)
1001 FORMAT(//,7X,’TD’,9X, ‘PWD’,8X, 'DPWD/DT’, X,
& ‘DPWD/DLNT’, 2X, ‘NORMPRES ")
IND=14
DO 1 I=1,IND
TP(I)=TI(I)*10.DO**ILC
TP(1)=TP(I)*W
1 CONTINUE
M=0
11C=0
NCC=0
100 IIC=TIC+1
TD=TP(I1C)>*10.D0**NCC
TDW=TD /W
C ARG=((RWD/LD)**2)*W/4.D0/TD
¢ PDS=EI (ARG)/4.D0/LD
CALL LINV(P,TD,FA,FR,N,M,V,G,H)
M=N
PD=FA
DPD=FRB
DLNPD=TD*DPD
PNORM=PD/2.D0 /DLNPD
C TD=TD /W
WRITE(8,1002) TD,PD,DPD,DLNPD, PNORM

QoOoonnOoO0OO0

]
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WRITE(9,*) TD,PD,DLNFPD
1002 FORMAT(3X,1PE10.3,4C1PE12.4))
IF(IIC.EQ.IND) THEN
IIC=1
NCC=NCC+1
ENDIF
IF(NCC.NE.NCT) GO TO 100
GO TO 999
9999 STOP
FND

FUNCTION P(S)

IMPLICIT DOUBLE PRECISTON(A-H,0-Z)

REAL LD, LAMBDA

COMMON /DATA1 /XD, ZD, 7WD, LD, LAMBDA, MPAR

COMMON /DATA2 /TOL, TDW, W

PIad,DO*DATANCL.DO)

IF(W.EQ.1. OR ., LAMODA.IQ.0.) THEN
FS=1,D0

ELSE

IF(MPAR.EQ.1.) THEN

FS=DSQRT(W*I.AMBDA/3.D0/S)*DTANH(DSQRT(3.DO*W*S/LAMBDAYY+1.D
0
ELSE
FST=W*(1.D0~-W)*S+LAMBDA
FSB=(1.D0-W)*S+LAMEDA
FS=FST/FSB
ENDIF
ENDIF
U=S*FS§

COMPUTE LAPLACE TRANSFORM OF FRACTURE SOLUTION

noon

ARG1=DSQRT (U)*(1.D0~-XD)
ARG2=DSQRT(U)Y* (1.D0+XD)
PF=(0. 5D0/S/DSQRT(U))*(BINTKO(ARGI)+BINTKO(ARGZ))

COMPUTE LAPLACE TRANSFORM OF PSEUDOSKIN FUNCTION

(o N R

IF(TDW.GE.1.D+02) THEN

SUM=0.D0

SUMC1=-100.

DO 10 [=1,120000
DI=DBLE(I)
CN=DI*PI*LD
CN=DSQRT (U+CN*CN)>
CC=DCOS(DI*PI*ZD)*DCOS(DI*PI*ZWD)
ARG1=CN* (1.D0-XD)
ARG2=CN* (1.D0+XD)
BT=BINTKO(ARG1)+BINTKO (ARG2)
BT=CC*BT/CN
SUM=SUM+BT
CHECK=1/8.0
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TRNK=INT(I1/8.,0)
IF(CHFCK.NE.TRNK) GO TO 15
DELTA=DARS (SUMC1-SUM) ! SUM
DELTA=DELTA*100.D0
IF(DELTA.LT.TOL) GO TO 20
SUMC1=SUM

CONT I NUIE

10 CONTINUE
20 F=SUM'S

50
60

70
80

ELSE
F1=0.5D0*PI/S/DSQRT i)
ARG1=(ZD-ZWD) *DSQRT () /LD
ARG1=DABS (ARG1)
F2=(0.5D0/LD/S)Y*BK(ARG1)
ARG2=(ZD+7ZWD) *NSQRT () /LD
ARG2=DADBS(ARG2)
F3=¢0.5D0/LD/!S)*BK(ARG2)
SUM=0.D0
SUMC1e==100.
DO 50 T1«1,120000
DI1=DBLE(I)
ARG1=(ZD-ZWD+2.D0O*DI)Y*DSQRT(U) /LD
ARG2=(ZD+ZWD+2.DO*DIY*DSQRT(UY /LD
ARG1=DABS(ARG1)
ARG2=DABS (ARG?2)
SUM=SUM+BK (ARG1)+BK (ARG2)
CHECK=DABS (SUM-SUMC1)
IF(CHECK.LT.1.D-07) (O TO 60
SUMC1=SUM
CONTINUE
Fa4=(0.,5DO/L.D/8)*SUM
SUM=0.DO0
SUMC1=-100.
DO 70 I1=1,120000
DI=DBLECI)
ARG1=(ZD-ZWD-2.DO*DIY*DSQRT (U /LD
ARG 2= (ZD+ZWN=2,DO*DIHI*DSQRT (U /LD
ARG1=DABS (ARG1)
ARG2=DANS ARG?2)
SUM=SUM+BE (ARG1)+DBEK (ARG2)
CHFECK=DABS (SUM-SUMC1)
IF(CHECK.LT.1.D-07) GO TO 80
SUMC1=SUM
CONTINULE
F5=(0.5D0/LD/S)»*SUM
SUM=0.D0
SUMC1=-100.
pO 90 I=1,120000
DI=DRLECD)
CN=DI*PI*LD
CN=DSQRT (LT+CN*CN)
CC=DCOS(DI*PTI*ZIMN*DCOS(DI*PI*ZWIN
ARG1=CN*(1.D0~-XD)
ARG2=CN*(1.DO0+XI
BT1=0.5*P{-T1INTKOCARG1)
BT2=0.5*PI-BINTKOCARG?2)
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BT (CC/CNY*(BT1+BTH
SUM=SUM+DET
CHECK=1/8.0
TRNK=INT(1/8.0)
IF(CCHECK .NEL.TRNK)Y GO TO 100
DELTA=DABS (SUMC1-SUIM)
IF(DEITA.IT.1.D=-07) GO TO 110
SUMC1=SUM
100 CONTINULE
90 CONTINUE
110 F6=SUM/S
F=~F1+F2+F3+F{1+F5~F¢
INDIF
P=PF+F
RIXTURN
END

FILE BINTKO
ROUTINE CALCULATES TIHL YNTEGRAL
OF DLESSEL FUNCTION K0 FROM 0 TO
X BY USING THE INFINITE SERIES
FORM GIVEN BY ABRAMOWITZ AND
STEGUN (P. 480, EQ. 11.1.9)
FUNCTION BINTKO(X)
IMPLICIT DOURLE PRECISION(A-1,0-7)
DATA GAMMA/0.5772156G19D0/
DATA TOL1/1.D-7/
PT=4.DO*DATAN(1.DO)
PIO2=PI/2.D0
TF(X.GT.14.) THEN
SUMK=PTO?2
GO TO 50
ENDIF
X02=X;2.D0
CON=DLOG(X02)+GAMMA
SUMK=~X> (COMN-1.D0)
SUMO=SUME
DO 10 K=1,90000
DR=DBLI (K)
FR=FACTRL (K)
DK1=2.DO0*DK+1.D0
KPOV=2*K
TOP=XO2**KPOV
ROT=FK*FE*DK1
TCOM=TOP /BOT
T1l=-CON*TCOM
T2=TCOM/DK1
SUMT=0,D0
no .11 I=1,K
DI=DBLE(I)
RI=1.D0/DI
SUMI=SUMI+RI
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11 CONTINUE
T3=SUMI*TCOM
SUMN=X*(T1+T2+T3)
SUMK=SUMK+SUMN
DIF=DARS (SUMN-SUMO)
IF(DIF.LE.TOL1)Y GO TO 50
SUMO=SUMN

10 CONTINUE

50 DINTKO=SUMK

RETURN
END

FUNCTTON GAMMIN(XX)
IMPLICLET DOUBLE PRECISIONCA-IT,0-2)
DIMENSTON COF(6)
D A T A
COF,STP/76.18009173D0,-86.50532033D0,24.01409822D0,
&
-1.231739516D0,.120858003D-2,-.536382D~5,2.5066282746¢5007
DATA HALF,ONI, FPE/O5DO, 1.0D0,5.5D0/
L=XX-ONI
TMP=X+FPF
TMP= ( X+HALF) *LOG(TMP > -TMP
SER=0ONI
DO 11 1=1,6
X=X+ONTI:
SER=SER+COF (1) /X
11 CONTINUE
GAMMLN=TMP+DILOG(STP*SI'R)

RETURN
END
¢
C
~
(= e e e e e o e e e e e e
FUNCTION FACTRL (N)
R T T

IMPLICIT DOURLE PRECISTONCA-H,0-2)
DIMENSION A(33)
DATA NTOP,AC1)/0,1.D0¢
TF(N.LT.0) THEN
PAUSE 'NEGATIVE FACTORTALS
ELSETF(N.LE.NTOP) THEN
FACTRL=A(N+1)
ELSEIF(N.LE.32) THEN
DO 11 1=NTOP+1,N
ACT+1)=T*ACD)

11 CONTINUE
NTOP=N
FACTRL=A(N+1)
ELSE
FACTRI =DEXP (GAMMLN(N+1.D0 )
PNDIF
RETURN
END
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SUBROUTINE LINV(P,T,FA,FB,N,M,V,G,H)
IMPLICIT DOUBLE PRECISION(A-H,0-Z7)
DIMENSION G(50),V(50),H(25)
DLOGTW=,69314718055090453
IF(M.EQ.N) GO TO 100
G(1)=1.D0
NlI=N/2
DO 5 1I=2,N
G(I)=G(I-1)*I
5 CONTINUE
H(1)=2.DO/G(NH-1)
DO 10 I=2,NH
Fl=1
IF(I.EQ.NH) GO TO 8
H(I)=FI**NH*G(2*I)/ (G(NH-I)*G(I)*G(I-1))
GO TO 10
8 HOID)=FI**NH*G(2*1) /(G(IHIY*G(I-1))
10 CONTINUE
SN=2* (MH-NH/2*2)-1
DO 50 1I=1,N
V(I)=0.D0
Kl=(I+1)/2
K2=1
ITF(KZ.GT.NII) K2=NH
DO 40 K=K1,K2
IF(2*K-1.EQ.0) GO TO 37
IFCI.EQ.K) GO TO 38
VD=V +HEY 1 (Q(T=-RIYG(2*"K=-1))

GO TO 40

317 VD) =V{I)+II(K) /GCI-K)
GO TO 40

38 VD) =V(I)+H(X) /G(2*K-1)

40 CONTINUE
V(I)=SN*V(I)
SN=-8N
50 CONTINUE
100 FA=0.DO
FRB=0.D0
A=DLOGTW/T
DO 110 I=1,N
ARG=A*1
PA=P (ARG)
PB=PA*ARG
FA=FA+V(I)*PA
FR=FR+V(T)Y*PN
110 CONTINUE
FA=A*FA
FB=A*FB
IF(DABS(FA) . LE.1.FE-38) FA=0.DO
IF(DARS(FD).LE.1.LE-38) FB=0.DO
RETURN
END
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SUBROUTINEG PSM(F1,PS)
IMPLICIT DOUBLE PRECISION(A-H,0-2)
DIMENSION F1(8),DI(8)
DO 1 Isi,6 |
DICI)=DARS(F1(J)=F1(J+1))
1 CONTINUR
AMIN=DI (1)
NX=2
DO 2 1X=1,5
TF(AMIN.GT.DI(IX+1)) TIEN
AMIN=DI(IX+1)
NX=IX+2
ENDIF
CONTINUE
PS=F1(NX)
RETURN
END

i

FUNCTION EI(2Z)
IMPLICIT DOUBLLE PRECISION(A-H,0-2Z)
Al=8.523287401
A2=18.059016973
A3=8.634708925
A4=0.2677737
B1=9.5733223454
B2=25.6329611486
B3=21,0996530827
B4=3.9584
CO=-0.57721566
C1=0.99999193
C2=-0.24991055
C3=0.05519968
C4=-0.00976004
C5=0.00107857
IF(Z.LE.1)THEN
RHS=CO+C1*Z+C2*Z**2  DO+C3*Z**3 . DO+C4*Z**4 . DO+C5*Z**5.D0
EI=RHS-DLOG(Z)
ELSE
UP=Z**4  DO+AL1*Z**3 . DO+A2*Z**2 . DO+A3*Z+A4
DOWN=Z**4 . DO+DB1*Z**3 . DO+R2*¥Z**2 . DO+DB3*Z+B4
HS=UP /DOWN
IF(Z.GT.400) THEN
DEP=0.D0
GO TO 10
FNDIF
G=Z7/80
DEP=1.D0
pDO1 1I=1,80
DEP=DEXP(-G)*DEP
1 CONTINUE

10 EI=(HUS!/Z)*DLP
ENDIF
RETURN
END
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FUNCTION BK(X)

IMPLICIT DOUBLE PRIECISION(A-H,0-7)

I=1

K=0

IF(X.LT.0.D0) THEN
PRINTY, "ERROR IN BESK1 : ARGUMENT LESS THAN 0'

RETURN

ENDIF

IF(X.LT.2.) THEN

A=X/12.

A2=A%A
IF(K.EQ.0) THEN
GK=((7.4D-6*A2+1.075D-4)%A2+2.62698D-3)*A2
GR=( (GK+3.48859D-2Y*A2+2.3069756D-1)*A2+4.227842D~1
GK=GK*A2-5.7721566D-1
GI=BESI1(X,0,1)

GK=-DLOG(A)*GI+GK
IF(I.LEQ.2) GO TO 55

ELSE

GK=(54.686D-5*A2-1.10404D-3)*A2-1.919402D-2
GK=(CGK*A2-1.8156897D-1)%A2-6.7278579D~-1
GK=(GK*A2+1.5443144D~-1)*A2+1.D0O
GI=BESI1¢(X,1,1)
GK=X*DLOG (A)*GI+GK
IF(I.EQ.2) GO TO 55
GK=GK /X

LENDIF

ELSE

4\“2- /x
TF(K.EQ.0) THEN
GK=(5.3208D-4*A-2.5154D-3)*A+5.87872D-3
GK=(GK*A-1.062446D-2)*A+2.189568D-2
GK=(GK*A-7.832358D-2)"A+1.25331414D0
IF(I.EQ.2) GO TO 55
GK=GK /DSQRT(X)

ELSE
GK=(~6.8245D-4%A+3.25614D~-3)%A~-7.80353D~3
GK=(GK*A+1.504268D~2)"A-3.65562D-2
GK=(GK*A+2.3498619D-1)%A+1.25331414D0
IF(T.EQ.2) GO TO 55
GK=GK/DSQRT(X)

ENDIF

XC=ABS(X/8.D1)

IC=INT(XC)+1

X1=DEXP(X/IC)

DO 44 1II=1,1IC

44 GK=GK/X1

ENDIF
55 IF(GK.LT.1.E=38) (K=0,
BK=GK
RETURN
END
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IMPLICIT DOUBLE PRECISION(A-H,0-2)
IF(X.LT.~3.75) THEN
PRINT*, 'ERROR IN BESI : ARGUMENT LESS THAN -3.75’
RETURN
ENDIF
IF(X.LT.3.75) THEN
A=X/3.75
A2=A*A
IF(K.EQ.0) THEN
GI=(4.5813D-3%A2+3.60768D-2)*A242,650732D~-1
GI=(GI*A2+1.2067492D0)*A2+3.0899424D0
Gl=(GI*A2+3,5156229D0)*A2+1.D0
IF(I.FQ.2) GO TO 55
CLSE
Gl=(3.2411D-1%A2+3.01532D-3)%A2+2.658733D-2
GI=(GI*A2+1.5084934D-1)*A2+5.1498869D~1
GI=(GI*A2+8.7890594D-1)*A2+0.5
IF(I,EQ.2) GO TO 55
GI=GI*X
ENDIF
ELSE
A=3.75/X
IF(K.EQ.0) THEN
GI=(3.92377D-3%A-1.647633D-2)*A+2.635537D-2
GI=((GI*A-2.057706D-2)*A+9.16281D-3)*A~1.57565D-3
GI=((GI*A+2.25319D-3)*A+1.328592D-2)%A+3.98914228D~1
IF(I.EQ.2) GO TO 55
CLSE ,
Gl=(-4.20059D-3*A+1.787654D=2)*A-2.895312D-2
Gl=((GI*A+2.282967D-2)*A-1.031555D-2)*A+1.163801D-3
GI=((GI*A-3.62018D-3)*A~3.988024D-2)*A+3.9694228D-1
IF(I.FQ.2) GO TO 55
DNDIF
GI=GI/DSQRT(X)
XC=ADS(X/80.)
IC=INT(XC)+1
X1=DREXP(X/IC)
DO 44 11=1,IC
GI=GI*X1
IF(GI.GT.7.2D75) THEN
GI=7.2D75
GO TO 55
ENDIF
44 CONTINUE
ENDIF
55 IF(GI.LT.1.E~38) GI=0
BESI1=GI
RETURN
END
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EK~C: BASING VE TOREV TABLOLARI



4

TABLO 1: L,=1 =10 icin basing ve titev degerlerd

A’ L 1OF=02 L10fi=01 O+ 00
t P’ Py | P, | Py

.35E~-07 .000 .00 .000 .00 .000 .00
.10E-06 021 .01 .021 .01 .021 .01
L35E-06 .122 .09 122 .09 122 .09
.10I:-05 .19%5 .20 .195 .26 .199 .26
.35~-05 .232 .53 .232 .53 .232 .5

.10E~-04 243 .78 .243 .78 L2453 .18
.35E-04 .248 1.09 .248 1.09 .248 1.09
L10FE-03 .249 1.35 .249 1.35 L2419 1.35
.35E-03 .250 1.67 .249 1.67 .248 1.66
.10E-02 .250 1.03 .2419 1.93 L 247 1.02
.35E-02 . 249 2.24 .218 2.21 L2495 2.23
L106E-01 L2242 2.50 .240 2.50 L2236 2.49
.35E-01 .210 2.79 .208 2.178 .202 2.76
10E+00 ., .20¢ 3.00 .204 2.99 101 2.96
L35E+00 .310 3.32 . 204 3.30 .25 3.24
.105+01 396 3.69 .366 3.65 . 290 3.53
L35EB+01 L4410 4,22 .392  4.13 307 3,91
L100+02 I N 4.69 .379 1.53% .293 4.23
L3SE+D2 422 5.23 .345 4.99 .276 4.59
.103+03 .393 5.00 315 5.33 . 302 41.88
L35F+032 351 6.13 .288 5.71 Ld04 5.26
L 105E+0 4 L3318 o044 312 6.01 LA00 0 5,87
350404 LAgo 7,09 R B SRR | L4198 60713
.10E+05 .313 7.40 .501 7.26 .500 7.20
.35E+09 472 7.89 .499 7.88 .500 7.88
.10E+0606 .502 8.1 .500 8.41 .500 8.11
.35E+06 .499 9.04 .500 9.04 .500 9.04
.10E+07 .500 9.56 .500 9.56 .500 9.596
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TABLO 2: L,=1 ’'=10 i¢in basin¢ ve tlrev defgerleri.

A’ .10E+01 .10E+03 .10E+04
ty P’ Py Py’ Py Py’ Py
.358-07 .000 .00 .000 .00 .000 .00
. 10E-06 .021 .01 020 .01 .020 .01
.35E-06 .122 .09 121 .09 .118 .09
.10E-05 195 .26 .193 .26 .187 .25
.35E-05 .232 .53 .227 .52 L2117 .51
.10E-04 .243 .78 .235 .77 .220 74
.35E-04 .247 1.09 .234 1.06 .211 1.01
.100°-03 .247  1.35 L227  1.31 .196  1.23
.35E-03 .245 1.66 .213 1.58 L1750 1.46
.10E-02 .242  1.91 .197 1.80 .159  1.63
.35E-02 .236 2.21 .176  2.03 .145 1.82
100=01 » 323 2.446 L1990 2,21 13960 1,98
L 35E-01 186 2.71 L1400 2,39 235 2.22
L1011+ 00 L0164 2,890 L1460 2,54 L2440 2.48
.35E+00 .186 3.11 .208 2.77 L2214 2.77
.10E+01 207 3.32 215 2.99 .208 2.98
.35E+01 .221 3.3 .304 3.30 .308 3.30
.10E+02 .255 3.83 .405 3.68 .406 3.67
.35E+02 422 4,25 .468 4.23 .468 1.23
.10E+03 .487 4,73 .188 4.73 .488 4.73
.35E+03 .495  5.35 .496  5.35 .496  5.35
.10E+04 .499  5.87 .499 5.87 .499  5.87
.35E+04 .500 6.73 .500 6.73 .500 6.73
.10E+05 .500 7.26 .500 7.26 .500 7.26
.35E+05 .500 7.88 .500 7.88 .500 7.88
. 10F+06 .500 8.41 .500 8.41 .500 8.41
.35E+06 .500 9.01 .500 9.04 .500 9.04
.10E+07 .500  9.5%6 .500 9.56 .500 9.56
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TABLO 3: L;=1 @'=100 igin basing ve tlirev degerleri.

A’ .10E~-02 .10E-01 .10E+00
ty P’ Py Py Py Py’ Py
.10E-06 021 .01 021 .01 021 01
.351-06 122 .00 122 .09 122 .09
. 10E~Q5 .195 .26 .195 .26 195 .26
J35E~-05 .232 .53 . 232 .53 .232 .53
.10E~-04 .243 .18 .243 .78 .243 .78
L358-04 .248 1,009 .248 1.09 .247 1.09
-1QF=03 1349 1135 e 249 1035 -;’47 1.35
» 23L-03 249 1,07 o488 1,60 vadd 1,06
.10E-02 249 1.93 L3247 1,92 L2420 1.1
.35E-02 .248 2.24 .245 2,23 L2366 2.21
.10E-01 .240 2.50 .236  2.49 .222 2,46
.35E-01 .208 2.78 L2022 2.76 186 2.71
.10E+Q0 .204 2.99 .191 2.96 164 2.89
L35E+00 s 294 3.30 .254 3.24 .186 3.11
L100+01 .366  3.65 .299 3.53 L2067 3.32
.35E+01 .392  1.13 .307 3.91 ABLRE 3.58
.10E+02 379 4.53 .293 4.23 .227 3.82
.35E+02 .345 4.99 276 4.59 L2314 4.11
.10E+03 315 5.33 .265 4.87 .238 1.306
.35E+03 .288 5.71 258 5.20 .242 4,660
L10E+04 .273  6.00 254 5.47 .289 4,93
.35E+04 262 6.34 252 5.78 .465  5.40
.10E+05 .257  6.61 299 6.06 .500 5.91
.35E+05 254 7.171 471 6.178 .498 6.78
«10E+06 .300 7.45 501 7.30 .500 7.30
L35E+006 L4722 7.93 .499 7.93 500 7.93
.10E+07 .501 8.45 .500 8.45 .500 8.45
.350+07 .499  0.08 .500 9.08 .500 9,08
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TABLO 4: L,=1 '=100 i¢in basing ve tilirev deferleri.

A’ .10E+01 .10E+03 .10E+04
ty Py’ P, Py’ Py ' Py
.35E-07 .000 .00 .000 .00 .000 .00
.10F-06 .021 .01 .020 .01 .019 .01
.35E-06 122 .00 .118 .09 .109 .08
. 10E-05 .195 .26 . 187 .23 . 170 .23
.35E~05 .231 .53 217 .51 .192 .46
.10E-04 . 241 .78 .220 .74 . 187 .66
.35E-04 .243 1.08 .211 1.01 .172 .89
.10E-03 242 1.314 .196 1.23 .157 1.06
.35E-03 .236 1.64 .175 1.46 .144  1.25
.10E-02 .228 1.88 .159 1.63 .136 1.40
.35E-02 .213  2.16 .145 1.82 .131 1.56
.10E-01 .194  2.37 L1371 1.97 .120 1.70
.35E-01 .160 2.60 .131 2.14 127 1.86
.10E+00 0 , .136 2.75 L1270 2,27 .150 2.00
.35F+00 L1300  2.91 122 2.43 .235  2.24
.10+01 .139 3.05 .140  2.56 .243  2.50
.35E+01 .158 3.24 L2077 2.78 L2120 2,79
.10E+02 175 3.41 .218 3.00 .211 3.00
L35E+02 199  3.465 .313 3.33 .317 3.32
. 106+03 245 3.87 L4110 3071 L4120 3.7
.35E+03 <4240 4029 .470 4.27 470 1,27
.10E+04 .488 4.77 .489  4.77 .489  4.77
.35E+04 .495 5.39 .196 5.39 .496 5.39
.10E+05 .499 5.91 .499  5.91 .499 5,01
.35E+05 .500 6.78 .500 6.78 .500 6.78
L101+06 500 7,30 L5000 7.30 <500  7.30
«35L+00 500 7.93 500 7,93 500 7,93
L10E+07 500 8.45 ,500  B.45 .500 B8.45
.35E+07 .500 9.08 .500 9.08 .500 9.08



TABLO 5: L;,=1 ’'=1000 i¢in basing ve tirev degerleri.

A’ L10FE~-02 . 10E~-01 . 10F+00
ty Py’ P, P’ Py Py’ Py
L10E-06 021 .01 021 .01 L0211 .01
.35E~-06 .122 .09 .122 .09 . 122 .09
. L0E-05 .195 .26 .195 .26 .1905 .26
+350=03 232 53 . 332 33 231 53
.10E-04 343 .78 243 .78 <341 .18
L350=-04 248 1.09 L3247 1,00 243 1.08
.10E-03 .249  1.35 .247  1.35 L2420 1034
.35~03 .248 1.66 245 1.66 .236  1.64
.10E-02 247 1.92 .242 1.91 .228 1.88
.35E-02 .245 2.23 .236  2.21 .213 2,16
.10E-01 L2360 2,49 L2220 2,46 194 2.37
.35E-01 L202 2,76 .186 2.71 160 2.60
.10E+00 .191 2.96 .164 2,89 136 2.75
.35E+00 , .254 3.2 .186 3.11 .130 2.91
L10LE+01 L2909 3,53 .207 3.32 .139 3.05
.35C+01 .307 3.91 .221 3,58 .158 3.24
.10E+02 .203  4.23 .227  3.82 175 3.41
.35+02 .276 4.59 .234  4.11 .196 3.65
.10E+03 J265  4.87 .238 4.36 L210  3.86
.35E+03 .258 5.20 L2422 4.66 .223  4.13
.10E+01 L2540 5.47 L2440 4.91 L2310 1.3
L350+04 L2522 5.8 L2460 5.22 . 238 1.066
.10E+05 .251  6.05 L2147 5.48 .288 4.93
L350405 .250 6.36 249 5.79 L4655 5.41
.106E+00 250 6.62 L2007 6.07 .500 5.9
.350+06 L2500 7.17 .471 6.79 .198 06.78
.10E+07 299 7.45 .501 7.31 .500 7.31
VAS0+0Q7 AT2T 10904 409 7,93 V500 TL03%
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TABLO 6: L;,=1 @’=1000 icin basing ve tirev deferleri.

A’ .10E+01 .10E+03 .10E+04
ty P[)' P, r.’ Py P,’ P,
.10E-0¢ .020 .01 .019 .01 .015 .00
.35E-06 .121 .09 .109 .08 .087 .07
.10E-05 .193 .26 . 170 .23 .134 .18
.35E-05 L2217 .32 .102 .46 .147 .36
.10E-04 . 235 .17 .187 .66 .143 .52
.35E-04 .234 1.0606 . 172 .89 .136 .69
.10E-03 L2227 1.31 .157 1.06 .132 .83
.35E-03 .213 1.58 . 144 1.25 .128 .99
+10E-02 .197 1,80 136 1.40 127 1.13
.35E~02 L1776 2,03 131 1.356 L1260 1,29
.10E-01 .159 2.2 129 1.70 125 1.42
.35FE-01 .140  2.39 .127 1.86 L1235 1.58
. 10FE+00 127 2.51 .126 1.99 125 1.71
.35E+00 .116 2.69 .125 2.15 .125 1.86
.10E+01 , -112 2.81 .123 2.28 .149 2.00
.35E+01 .118 2.95 .120 2.43 .235  2.25
.10E+02 .131 3.08 .139 2.56 .243  2.50
.35E+02 .152 3.26 .207 2.78 L2120 2,79
.10E+03 L1171 3.43 .218 3.01 .212 3.00
.350+03 L1063 3.65 314 3.33 .318  3.33
.10E+04 L2444 3.87 h12 3.71 413 3.71
.35+04 .424 4.29 .4171 4.27 471 4.27
. 10E+05 .488 4.78 .89 4.78 .480  4.78
.35E+05 .496 5,40 .497 5.40 .497 5.40
.10E+06 .498 5.92 .499 5.92 .499  5.92
.35E+06 .500 6.78 .500 6.78 .500 6.78
s 10E+07 L5300 7.31 500 7.31 .500 7.31
.35E+07 .500 7.93 .500 7.93 .500 7.93
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TABLO 7: L;=5 @'=10 igin basing ve tilrev degerleri.

A’ .10E-02 .10E-01 .10E+00
ty Py’ P, | L Py Py’ Py
.10E-07 .018 .01 .018 .01 .018 .01
.S50E-07 041 .06 .041 .06 .041 .06
.10E-06 .045 .09 .045 .09 .045 .09
.50E-06 .049 .17 .049 .17 049 .17
.10E-05 .049 .20 .049 .20 .049 .20
.50~-05 .050 .28 .050 .28 .Q50 .28
.10E~04 .050 .32 .050 .32 .050 .32
.50E-04 .050 .40 .050 .40 .050 .40
.10E-03 .050 .43 .050 .43 .050 .43
.50E~-03 .050 .51 L0050 .51 .050 .51
.10E-02 .050 .55 .050 .55 .049 .55
.50E~-02 .063 .63 .063 .63 .0061 .63
.10E~-01 .08% .08 .085 68 .082 .68
.50E~-01 .157 .87 .154 .81 .144 . 86
.10E+00 , -=200 1.00 .194 .99 .177 .97
.50E+00 .343 1.3 .322 1.40 .271  1.33
.10E+Q1 .396 1.69 .365 1.64 .298 1.53
. 500+01 NE R 2.38 390 2.26 .303 2.02
LA00+02 +A43 2,68 378 2.93 203 2,23
L50F+02 .413  3.38 L334 3.10 L2740 2,68
L101+03 L3030 3.66 315 3.33 .302 2.88
.50E+03 L339 4.23 .284 3.81 .489  3.53
.10E+04 L3188  4.47 .312 1.01 .500 3.87
.50E+04 .286 5.00 .494  4.72 .499  4.72
.10E+05 .313  5.21 .501 5.07 .500 5.07
.50FE+05 . 494 5.87 .499 5.8 .500 5.87
.10E+0¢0 .502 6.22 .500 6.22 .500 o6.22
.50E+06G .499  7.02 .500 7.02 .500 7.02
. 10E+07 .500 7.37 .500 7.37 .500 7.37
.S50E+07 .500 8.17 .500 8.17 .500 8.17



TABLO 8: L,=3 @’=10 igin basing ve tlirev degerleri.,
A’ .10E+01 .10E+03 .10E+04
tp Py’ P, P’ Py Py’ Py
.10E-07 .018 .01 .018 .01 .018 .01
.50E-07 .041 .06 .04 .06 .041 .06
.10E-06 045 .00 .045 .09 .045 .00
.50FE-06 .049 .17 .049 .17 .048 .17
.10E~05 .049 .20 .019 .20 .048 .20
.50~-05 .050 .28 .049 .28 .047 .28
.10E-04 .050 .32 .048 .31 .046 .31
.50E-04 .050 .40 .047 .39 .042 .38
.10E-03 .049 .43 .046 .42 .039 .41
.50E~-03 .049 .51 .042 .49 .034 .46
.10E-~02 .048 .54 .039 .52 .032 .49
LS0E~02 .048 L62 .036 .58 029 .54
.10E-01 .075 .67 .039 .61 .032 .56
.50E~01 .120 .83 .050 .68 .062 .63
.10E+00 . 141 .92 .061 .72 .081 .68
L5000+ 00 .188 1.18 . 145 .87 .153 .86
.10F+01 L2040 1.32 L1902 .99 .19¢6 .98
30+ 01 223 1,100 42 1,41 <344 1,41
JJ0E+02 254 1,83 404 1,67 405 1.07
L500+02 457  2.40 LA77T 2,39 L4717 230
.10E+03 .487 2.73 .488 2.73 488 2.73
LS0T+03 .497  3.52 .498 3.52 .498 3.52
.10E+01 L4909 3,87 .199  3.87 .499 3.87
L50E+04 .500 4.72 .500 4.72 .500 4.72
.10E+05 .500 5.07 .500 5.07 .500 5.07
.501+405 .500 5.87 .500  5.87 .500 5.87
.10E+06 .500 6.22 .500 6,22 .500 6.22
.50C+006 .500 7.02 .500 7.02 .500 7.02
.10E+07 .500 7.37 .500  7.37 .500 7.37
L500+07 .500 8.17 .500  8.17 L5500 8.17
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TABLO 9: L;=5 '=10 igin basing ve tilrev deferleri.

A’ .10E-02 .10E-01 .10E+00

te Py’ Py P’ Py Py’ P,

.10E-07 .018 .01 .018 .01 .018 .01
.50kE-07 .041 .00 041 .06 .041 .06
«10E-06 045 <00 . 045 » 09 0435 .09
»30E-00 049 .17 049 17 049 .17
.10L-05 049 .20 .049 .20 L0419 .20
.506-05 .050 .28 050 .28 050 .24
.10E-04 L0050 .32 .050 .32 .050 .32
.50E~04 .050 .0 .050 .40 .050 .40
.10E-03 .050 .43 .050 .43 .049 .13
.50E-03 .050 .51 .050 .51 L0419 .51
.10E~02 .050 .55 .049 .55 .048 .54
.50E~-02 .063 .63 .061 .63 .058 .62
L10E-01 .085 .68 LU82 .68 075 .6
.50E-01 .154 L 87 144 .86 .120 .83
.10E+00 , .194 .99 177 .97 . 141 .92
.S50E+00 L322 1.40 .271 1.33 .188 1.18
.10E+01 .365 1.64 .298 1.53 .204 1.32
.500E+01 .390 2.26 .303  2.02 222 1.66
.10E+02 .378 2.53 0398 4, BE 226 1.82
.500+02 <334 3.10 .272  2.68 235 2,19
«10FE+03 <315 3.33 265 2.87 + 237 2,35
.50E+03 .282 3.81 257 3.28 246 .74
.10E+04 273 4.00 .255  3.46 .289 2,092
.50FE+04 .260  1.413 255  3.87 .489  3.57
.10E+05 .257  4.61 .299 4.06 .500 3.91
.50E+05 L2557 5.06 494 4,76 .499  1.76
.10T+006 L300 5,245 L9011 49.11 L5000 9011
L 500+00 491 5.91 499 5,91 <300 5.91
. 10FE+07 501 6.260 .500 6.26 .500  6.26
.50E+07 .499  7.06 .500 7.06 .500 7.06
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TABLO 10: L;=5 '=100 i¢in basing ve tiirev deferleri.

A 10E+01 .10E+03 .10E+04
by Pyt Py P’ Py Py’ P,
L106=-07 018 01 018 .01 ,018 01
L506-07 L0411 .06 . 041 .06 .040 .06
.10E-06 .045 .09 .045 .09 .044 .00
.50E-06 .049 .17 .048 .17 .046 .16
.10E-05 .049 .20 .048 .20 .045 .19
.50E-05 .050 .28 .047 .28 .041 .26
.10F-04 L0419 .32 .046 .31 L0309 .20
.S0-04 L0490 .39 .042 .38 .03 4 .35
.1065-03 .048 L 43 L0309 .41 .032 .37
.50FE-03 .047 .51 L0349 .46 .028 L2
.10E-02 .046 .54 .032 .49 L0227 RER
.50E-02 .049 .61 .029 .54 .026 .48
.10EB-01 .059 .65 .028 .56 .026 .50
.500-01 .083 .16 .032 .60 .026 .54
L100400 .+ 092 .82 .035 .63 .031 .56
.50E+00 L115 .90 .047 .69 .063 .64
.10E+01 .128 1.07 .060 .13 .083 .69
.50E+01 .159 1.30 .149 .89 .158 .88
.10E+02 L1720 1.42 .198 1.01 .202 1.00
500402 L2010 1,72 L35 1.44 L3920 1.1
.10E+03 .244  1.87 L1100 1.71 111 171
L50k403 459 2,44 L4790 2,43 L4100 2013
10T 4 JABE 2,17 489 2,77 LA 2,77
CS50E404 A97 3.5 L4088 3,57 L4088 3.57
L100+05 L4009 3,91 .100 3,01 L4009 3,01
L50l+05 .500 4.76 .500 4.76 500 4.76
L100+06 L5000 5.11 L5000 5.11 L5000 5,11
L5001406 L5000 5,91 .500  5.91 500 5,91
L108E+07 L5000 6.26 .500  6.26 L5000 6.206
.50:+07 .500  7.06 .500  7.06 .500  7.06
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TARLO 11: Ly=5 ’=1000 i¢in basing ve tilUrev degerleri.

A’ L10E~-02 .10E-01 .10E+00
ty P’ P, | P, Py’ P,
.10E-07 018 .01 .018 .01 018 .01
.50F-07 .041 .06 .041 .06 041 006
.10E-06 .045 .09 .045 .09 .045 .09
.50FE~-06 .049 .17 .049 .17 .049 17
.10E-05 .049 .20 .049 .20 049 .20
.30E-05 .050 .28 .050 .28 050 .28
.10E-04 .050 .32 .050 .32 .049 .32
. 30E-04 .050 .40 .050 .40 L0409 .39
.10E-02 050 .43 L0409 .43 .048 43
.30L-03 .050 .51 L0409 .51 a7 a9l
.10E-02 .049 .55 .048 .54 .046 .54
.30E~-02 .061 .63 058 .62 .049 .G
.10E-01 .082 .68 .075 .67 .059 .65
.50E-01 144 .86 . 120 .83 .083 .76
. 10E+Q0 177 .97 141 .92 092 .82
306400 271 1,33 L1868 1.18 118 .00
L10K+01 .298  1.53 204 1.32 128 1.07
.50E+01 .303  2.02 .222  1.66 .159  1.30
.10E+02 2905 I 4 .226 1.82 L1720 1042
.30E+02 272 2.68 .235  2.19 L1099 1,72
.10E+03 L265  2.87 .237  2.35 .209  1.86
.506+03 .257 3.28 L2430 2074 L2260 2021
L10E+04 .255  3.4¢0 L2t 20901 L2310 2057
.500+04 .252  3.87 247  3.30 L243 2075
.10E+05 .251 4.04 .248  3.48 .288 2.93
.506+05 L2500 4,45 . 252 3.88 400 3,57
. 10E+0G .250  4.62 .297  4.06 .500  3.9:2
.30E+00 .254  5.07 494 4077 L4994 T7
. 10E+07 L2900 5,26 301 5.11 .500  5.11
.506E+07 L4940 5092 .499  5.92 L5500 5,92
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TABLO 12: Ly=5 u’'=1000 igin basing ve tilrev deferleri.

i .10E+01 .10E+03 L100+04
ty Py’ Py P’ Py P’ P,
.10E-07 .018 .01 .018 .01 017 .01
. 50E~-07 041 .06 040 L 06 VICN 06
.10E-06 L0435 .09 044 .09 040 .08
.50E~06 .049 17 .046 .16 L040 ]
.10E-05 .049 .20 045 .19 .039 .18
.50E-05 .049 .28 041 .26 .034 .23
.10E~-04 .048 .31 039 .29 .032 .26
,G0T=04 047 » 39 034 39 2R 31
A0E=03 046 A2 032 37 027 .32
LA0E=-03 042 A9 L0248 A2 26 37
.10E~02 .039 .92 .027 .44 L0206 .39
.50F-02 .036 .58 026 .48 25 .13
.10E-01 .039 .61 026 .50 025 .44
.50E-01 .050 .68 .026 .54 025 .48
. 10E+00 . -05%6 11 .026 .56 .025 .50
.90E+00 L0072 .82 031 .61 L0206 .54
.10E+01 .081 .87 L0341 .63 .031 .56
.9506E+01 .107 1.02 L0406 .69 . 064 LG4
.10E+02 .120  1.10 .060 .73 .084 .69
.50F+02 L1532 1,32 .149 .89 . 158 .88
.10E+03 168 1,43 .199  1.01 .203  1.00
.506+03 L1099 1.72 . 351 1.45 353 1.44
L10E+04 L2430 1,87 411 1.71 LA12 1071
50FE+04 459 2,45 LAT9 0 2,44 L4790 2044
.10FE+05 .488 .78 489 2.77 .489 2,77
L500+05 497 3.47 .498 3,57 ~498 3.57
.10E+06 .499 3.92 .499 3.92 .499  3.92
LS0R+06 L9000 4.77 L5000 4,77 .500  4.77
L101E+07 .500  5.11 .500  5.11 L5000 5011
.500+07 .500 5,92 L5000 5,92 L5000 5,92
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TABLO 13: Li;=10 ’=10 i¢in basing ve tirev deferleri.

. A’ .10E~02 . 10E~-01 . 10E+00
Ty Py’ Py P’ Py Py’ Py
.10E-Q7 .020 .03 .020 .03 .020 .03
.50E-07 L.024 .06 .024 .06 .021 06
.10E-06 .024 .08 .024 .08 .024 .08
.50E~06 .025 .12 .025 .12 .025 .12
.10E-05 L0245 .14 .025 .14 .025 .14
50E-035 .025 .18 .025 .18 025 .18
.10E-014 .025 .19 .025 .19 .025 .19
.50E-04 .025 .23 .025 .23 .025 .23
.10E~-03 .025 .25 025 .25 L0235 $ 29
. 30E~-03 025 .29 025 0 29 L0255 .20
.10E-02 L029 .31 .029 .31 029 31
.50E-02 L0062 .38 Ta0a2 .38 060 .38
.10-01 L0806 .43 085 43 082 13
.50I:-01 . 157 .62 154 .62 144 .61
.10E+00 s 200 .74 194 .74 177 J12
«20E+00 L343 1,18 V322 1.15 271 1.08
10L+01 L3096 1.43 365 1,39 L2088 1,27
L500+01 L4459 2012 L300 0 2,01 303 1.7
L10E+02 LAdS 203 o DULW 2o 3L L2930 1.97
L0402 L4130 3,12 .334  2.85 274 2045
. 10E+03 L3923 3.40 .315 3.08 .302 .62
.30L+03 .339 3.49 284 3.55 .489  3.27
.10L+04 .318 4.22 .312 3.76 .500 3.061
.50E+04 .286  4.73 L4094 4044 L4999 4.44
.10E+05 L3130 4.93 .501  4.79 .500 1.79
50010405 L0100 5,059 .499 5,59 500 5.59
- 10LE+006 L5302 5,94 L5000 5.94 500 .94
.30F+06 499 6,74 L5006 6.74 .500  6.74
.10LE+07 .500 7.009 .500 7.09 .500 7.09
. 50E+07 .5300 7.90 .500  7.90 .500 7,90
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TABLO 14: Ly=10 '=10 ig¢in basing ve flrev degerleri.

A’ .10E+01 .10E+03 .10E+04
ty Py’ P, | P, P’ P,
.10LE-07 .020 .03 .020 .03 019 .03
.50E-07 .024 .06 .024 .06 .024 .06
.10E-06 .024 .08 .024 .08 .024 .08
LA00-00 025 .12 .025 12 .024 R
L106E-05 .025 .1 025 .13 L0024 .13
.500-05 .025 .18 .024 .17 .023 .17
.10E-04 .025 .19 .024 .19 .023 19
L300=-04 025 .23 023 .22 021 22
.10E-03 .025 25 .023 .25 .020 L2
.50E-03 025 .29 021 .28 .017 .27
.10E-0Q2 .028 .31 .021 .30 .016 .28
.506-02 .056 .37 L030 .34 .018 .31
.10E-01 L.074 .42 .036 .36 .023 2
s 500=01 <120 57 049 A3 L0506 .38
10E+00 . 140 GG » 060 .40 . 080 .43
.30E+00 .188 .03 114 .62 .153 .61
.10E+01 L2040 1.07 .192 .74 .196 .13
CH00E+01 L2223 1.1 <342 10146 I D I N ¢
<10F+0Q2 254 1.57 .404  1.42 L4035 1.42
LH0F+02 457 2.15 477 2.14 SATT 2014
.10E+03 .487 2.48 .488 2,47 .488 2.47
.500+03 L4907 3.27 .498 3,27 .498 3.7
.10E+04 L4990 3,61 .499  3.61 .499 3.61
.506+04 500 .44 L5000 4044 L.500  4.414
.10E+05 L5300 4079 L5000 4.79 .500 4.79
L500+04 L5000 5.59 L5000 5,59 L300 5.59
. 10E+06 L5000 5,94 .500  5.94 .500  5.94
.50E+06 .500  6.74 L5000 6.74 .500  6.74
.10E+07 L300 7.00 .500  7.09 .500  7.009
L501+07 L5300 7.90 L5900 7.90 .500  7.90



TABLO 15:

ty
.10E-07
.500~-07
.10E-006
.500-06
10E=09
J0E~-035
10i3~04
.5051-04
.10E-03
.50F~03
L10E-02
.50F-02
.10E-01
L500-01
10E+00
500400
.10E+01
.50L+01
.10E+02
.500+02
.10E+03
S0I+03
L106+04
50E+04
L1LO0BE+05
L30F+05
L100E+06
L505%06
Lap+07
L5004 07

.

.

A,'

Ly=100 g’=10

.10E-02
P,

Py’
.020
024
.024

Wwin == D CCOoOOoCOo O
wn

WY L oL Anoua

SV 1D 12101 B0 83 10

Ko B e )
O LTI & & 10 Y

[FERN V%)
W OO Lo
— &

(¥
—
Lh

L 282
. 273
.260
257
L2517
L300
L4094
501
499

-

-

03
06
08
12

14

18
19

.23

25

.29
.31
.38

W Wit 1o m =
. .

igin basing

.10E-01
Py’ Py
.020 .03
.024 .06
.024 .08
L0225 .12
025 s 14
, 025 .18
L0258 .19
L0235 .23
.025 <25
.025 .29
.029 .31
.060 .38
.082 .43

144 .61
177 .12
271 1.08
208 1.27
303 1.77
203 1.07
272 2.43
265 2.01
. 257 3.03%
L2594 Do A

255 3.62
L2090 3.80
194 4.49
.01 4.83
499 5.064
. 200 .98
L5000 6.709

ve tiirev degerleri.
.10E+00
Py’ Py
.020 .03
.024 06
.024 .08
.025 12
025 1
029 .18
L0235 .19
025 .23
025 .25
025 .20
028 .31
.056 .37
074 .42
120 .57
140 .66
.188 .93
.204 1.07
L2220 1,41
L2260 1,57
L2350 1.04
.237  2.10
L2460 2,49
289 2.467
.490  3.31
500 3.66
499 4,48
500  1.83
500 5.64
. 300 5,98
00 6,179



TABLO 16: L;,=100 @ =10 i¢in basing ve tiirev deferleri.

A’ .10E+01 .10E+03 L0040 4
ty Py’ Py Py’ P, P’ P,

J100-07 020 03 D10 <03 0D1a 02
+30E~07 024 06 024 .00 L0232 046
.10E-06 .024 .08 .024 .08 .024 .08
.50E-06 .025 .12 .024 .12 .023 .11
.106-05 .025 .14 L0249 .13 L0253 .13
L50r-095 .025 .18 L0223 .17 .02 .17
L100-04 .025 .19 .023 .19 020 18
.50E~04 L0241 .23 L0021 .22 L0017 .2

.10F-073 .024 .25 020 .24 016 .22
.90E-03 L0241 .29 L017 .27 .01 .24
.100-02 026 .30 LOLG .28 .01 4 .25
.508-02 L0406 .36 .018 .31 .013 .28
100001 .058 A0 L0020 .32 L0149 .20
L500-01 , 082 .51 .028 .36 L0017 .31
L10BE+00 .001 .57 032 .38 .022 .32
.306+00 115 .74 .045 .44 .058 .38
C10E+01 .128 .82 .59 .48 L0B3 A3
LS0E+01 .150 1.05 .18 .63 .158 LG22
L100+02 172 1.16¢ L1ug .75 L2002 15
L500+02 . 201 1.46 L350 1.1090 352 1.19
L10+03 L2110 1,61 L1000 1,45 411 1,45
.50F+03 L4459 2,109 A9 2,18 L4799 2,18
J10E+04 .188 2.52 .:189 2.52 .189 2.52
LS500404 L1907 3.31 .108 3.31 .498 3.31
. L0F+05 LA99 0 3,66 L4980 3,606 A0 3,60
S300405 L5000 4,48 L5000 4.48 500 1,48
.106E+06 . 500 4.83 .500 4.83 . 500 4.83
L500+406 .500 5.64 . 500 5.6 .500 5.641
.101F+07 500 5.98 L5000 5.98 .500 5.98

. 30E+07 L5000 6,79 L5000 6,79 .000 .00
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TABLO 17;

Ly

.10E-07
.50E-07
.10E-06
.50E~06
10FE~-05
50E~05
10E-04
L50E-04
.10~03
.50E~-03
10E~02
.50E~-02
.10E-01
S0E~01
1QE+00
L501+00
.10E+01
.500+01
.100+02
L5006+ 0 2
L10E+03
.501i+03
L10F+04
.50E+04
.10E+05
L501E+05
L1060+00
LS0H+06
.10E+07
L500+07
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Li=10 »"=1000
degerleri.

.10F-02

Py

.03
.06
.08
.12

14

.18

19

.23

Rt

> o)

29

.31

38
43
61

.12
.08
.27
.1
.07
.43
L61
.03
.21
.62
.19
.14
3T
YA
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o000
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faws
LI L L e b O

DoCcCoCco
Lo 12 12 10 1D 12 19 19 1o

o
~
oo

.
s

3
<

&

sp—
-
<

.
-

—
o
=

to
o
[N

.

[ R S S P T S )

WY LWl [ = e

e e s s e v . v e
1o (o i i3t to t2 o0

o
IO O N i b Y O Lo

.
-—

.

f el
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igin basing ve

.03
.06
.08
.12
.14
.18
.19

23
23

.29
.31

37
42
57
66
03
07

.41
.57
.04
.10
.49
.66

~

o
S

e e}

Ly

N
.81
.49
.84
.64

ftldrev
.10E+00

020 .03
L0241 .00
.024 .08
.025 .12
.025 .14
.025 .18
L0235 .19
.024 .23
.024 25
.024 29
.026 30
046 .36
058 .40
L0862 51
VS 51
1145 .14
.128 82
L1509 1.0%
172 1.16
L1499 1.46
.209 1.60
L226 1.96
.231 2011
243 2.49
L2888  2.07
00 3.32
500 3.66
199  4.49
.500 4.84
.500  5.064



TABLO 18:

ty

L10L6-07
.500~07
.10E-06
.50E~-0a

10E~-05

L50E-05
.10E-04
.50E-01
.10E-03
.500E-03

10E~-02

L30l-02
.10RE-01
L50E-01

»

10IE+00

L.50FE+00
.10+01
a0+ 01
10 +02
500402

10Ti+Q3
S0G+03

L10E+04
LS06E+04
.10I:+05
L 500G+05
.10E+06

. 50E+06

10E+07
CS0E+07

x’

.
—~
-

o Cco

oo

CcCoOCOo

Lb=10

0 =1000

degerleri,

10E+01

I

>l 12 1o 1o ol 1ty

to
—

L e U e D

(=
o
—

L0320
L0306
L0490

055

.072
.081
106
.120
.153

-

168
199

L2243

.159

188

.497
.199
.500
.5300
.300

Lo 3 2 1D 1D e v e

wh La

Py

.03
.06
.08
.12

.23

e s s e e s
— Lt o
MRS o S

-
Lo
[N o)

.62
L1
.81
.06

n"?
L062
.10
.52

.66
.49
.84
.64

igin

basing

10E+03

P,

.019
.023
.024
.023
.023
.021
.020
.017
.016
.01 4
RID ]
LA
.014
.017
.019
.027
L0332
L015

.0D59

L1490
. 199
» 331
411
479
. 489
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R SO S FURN SR SO I g
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Py’
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017
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.014
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L0013
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TABLO 19:

tp
10-07
506-07

. 10E-06
.50E-06
. 10LE-05
.50E-05
.10E-04
, 300-04
.10E-03
.50E~-03
.10E-02
.506-02
.10E-Q1

-

G0Ti~01
10E+00
500+00
10E+01

L500+01
.10E+02
.50E+02

.

10E+03
50E+03

.10E+04
L300+04
.10E+Q5

.

50F+05

.10E+06
.50E+06
. 10E+07
LS50E+07

A"

L,=100 ’'=10

degerleri.

L100-02

P’

.002
.002
.002
.002
.002
.003
.003
.006
.009
.020
.028
062
.086
187
. 200
343
.396
cA45
. 443
413
.393
339
.318
. 286
.313
.4904
.502
499
.500
.500

Py
.01
.02
.02
.02
.03
.03
.03
.04
.04
.06
.08
.15
.20
39
952
.05
1.21
.89
.20
.90
.18
.76
.99
.48
.68
.33
.69
.50
.84

.65

Che LY o ol W WYty =

-~ o

icin basing ve

96

.10E-01
P[, ! Pu
.002 .01
.002 .02
.002 .02
.002 .02
.002 .03
.003 .03
.003 .03
.006 .04
.009 .04
.020 .06
.028 .08
.062 .15
.0835 .20
154 ' 29
<194 51
5 & .92
365 1.1¢6
.390 1.78
.378  2.05
L2340 2,62
.315  2.85
.284 3.33
312 3.53
LA494 4,19
.501 4.54
.199  5.34
.500 5.69
.500 6.50
.500 6.84
L5000 7.65

tliirev

. 107

Py’
.002
.002
.002
.002
.002
.003
.003
.006
.009
.020
.028
.060
.082
11‘1"‘
177
L 271
.298
.303
.203
.274
.302
. 489
.500
.4169
.500
.500
.500
. 500
. 500
.500

00

Py
.01
.02
.02
.02
.03
.03
.03
.04
.04
.06
.08
.15

....
-Gt}
D 0

B O T A I R et
. . o e s e
I L = Wty
ol D0 v o
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TABLO 20: L;=100 ’=10 i¢in basing ve tirev
degerleri.

A’ .10E+01 .10E+03 .100+04
ty Ph ’ l’u PL ! Py Pu ‘ Pb
.10E-07 .002 .01 .00z2 .01 .002 .01
. 50E~-07 .002 .02 L0022 .02 .002 .02
.10E~06 .002 .02 .002 .02 .002 .02
.50E~-06 .002 .02 002 .02 .002 .02
.10E~05 .002 .03 .002 .02 .002 .02
. 50L~05 .003 .03 .002 .03 002 .03
.10LE-04 .003 .03 003 .03 .003 .03
.501-04 .0006 .04 L0006 .04 .005 .04
.10E~-03 .009 .04 .008 .04 .006 .04
.50F-03 .019 .06 015 .06 L.009 .05
L10E-02 027 .08 019 .07 011 .06
.50E~02 .056 14 .030 .11 .016 .08
.10E-01 ..074 .19 .035 .13 .021 .09
La0lk-01 120 .35 REVINRY .20 L0506 .14
. 10F+00 . 140 44 060 .24 L0880 .20
. 500+00 .188 .70 L1444 .39 L1553 .38
L 10E+01 204 B 192 91 1946 A0
L300+01 .23 1.1s R .93 <3 .93
L10+02 254 1.34 404 1019 L4055 1.19
.500+02 LA57  1.92 477 1.91 L4770 1,91
L10LE+03 L4187 2025 .188 2.25 .188  2.2%5
.50E+03 497 5.04 .498 3.04 .408 3.0
.10E+04 .499  3.39 .499 3,39 L4990 3,39
.500+04 500 4.19 L5000 4,19 .500  4.19
L10E+05 500 4.54 .500 4.54 .500 4.541
L5004+ 05 500 5.24 L5300 5,34 L3000 5,34
L10E+06 .500  5.69 L5000 5.69 .500 5.69
L0406 L5000 6.50 .500  6.50 L5300 6.50
.10E+07 .500 6.84 .500 6.84 .500  G.84
.50E+07 .500 7.65 L5000 7.65 .500  7.6G5
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TABIO 21: L;=100 '=100 icin basin¢g ve tlrev
degerleri.

Al L10E~-Q2 .10E-01 L10E+00
ty Py’ Py P, Py P’ Py,
.10E~-07 .002 .01 .002 .01 .002 .01
.50E~-07 .002 .02 .002 .02 002 .02
.10E~06 .002 .02 .002 .02 .002 .02
.50E~-06 .002 .02 .002 .02 .002 .02
.10E-~05 .002 .03 .002 .03 .002 .03
.50E~05 . 003 .03 .003 .03 .003 .03
.10E~04 .003 .03 .003 .03 .003 .03
.506~04 L0006 .04 L0006 .04 L0006 L0
.10E~-03 L0009 .04 L0009 .04 .00Y .04
.50E~03 L0020 .06 .020 .06 .019 L0G
.10E~02 .28 .08 .028 .08 .Q27 .08
.500~02 .062 .15 .060 .15 L0506 .14
.10E-01Y , .08&5 .20 .082 .20 L0741 .19
c200E=-01 L1594 RS N .38 120 <30
.10E+00 .1904 .91 177 SR . 110 b
L 500+00 0 DTN .92 271 .85 . 188 .70
L100+01 L3695 1.16 .208 1.05 .20 L84
.50F+01 L300 1.78 L3053 1.54 L2202 1.18
L100+02 . 378 2.05 L2093 1.74 L2206 1.3
L50F+02 . Do B o & UgH 2.20 . 235 1.71
.10E+03 315 2.85 .265  2.38 C23T 1.8
508403 L2820 3033 257 2.80 L2460 2026
.10E+04 L2773 3.52 .254 2.98 .289 2.44
.50FE+04 .260 3.95 .255 3.39 489 3,09
.10E+05 L2517 4.12 .299 3.58 .500 3.43
.500+05 . 257 4.54 .-194 4,24 109 4.24
L10E+06 L300 4.73 .501 4.58 L5900 31.58
L506E+00 404 5.30 .199 5.39 L5000 5.30
.10E+07 .501 5.73 500 5.73 .500 5.75%
L508+07 L4900 6.54 500 G.54 .500 6.51



TABLO

1y

.10E-07
L 30R-07
.10E-06
.50E-06
.10E-05
.350E-05
.10E-04
.50L-04
.10E-03
.50E-03
.10E-02

.

50E-02
10E-01
G0Ii=-01

. 10E+00
50E+00

.

10E+01

. 506E+01
L10FE+02

-

-

50010+02
10FE+03

CH50E+03
100404

.

50+04

.106+405
508405
L100+06
.50E+06
L108+07
L506+07

an.
P

AI

L;=100 '=100
deferleri,
.10E+01
P’ Py
.002 .01
.002 .02
.002 .02
.002 .02
.002 .03
.003 .03
.003 .02
.006 .04
.008 Lot
.018 .06
L0214 .08
L0406 .13
.058 .17
082 .28
.091 .34
.115 .51
.128 .59
.159 .82
L1712 Lo
A1 1,24
244  1.39
L4590 1,96
.488 2.29
.497 3.08
L4199 3.3
.500 4.2
.500 1.58
L5000 5,39
.500  5.73
L500 6.54

.10E+03
Py’ Py
.002 .01
.002 .02
.002 .02
.002 .02
.002 .02
.002 .03
.003 .03
.005 .04
.006 .01
.009 .05
.011 .06
.016 .08
.019 .09
L0027 I
.032 .15
L0445 s &1l
.059 .25
.148 .1
.1908 .53
L5390 L O6G
L4310 1,23
L4790 1,95
.489 2,29
. 498 3.08
499 3043
L5300 4,24
.500 1.58
L5000 5.39
L5000 5.73
.500 6.54

99

icin basing ve

tirev
.10E+04
P’ P,

.002 .01
.002 .02
.002 .02
.002 L2
.002 .02
.002 .03
.002 .03
.003 .03
.004 .04
.005 .04
.006 .05
.009 .06
.010 .07
D15 09
.021 .10
.038 .16
.083 .20
.158 .30
L2022 .92
L AHG 2 L U0
411 1,22
. 479 1.05
.489 2,29
L4008 3.08
L4990 3.13
L5000 4.2
500 J.5

L5000 5,309
L5000 5.73
L5300 6.54
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TABLO 23: Lu=100 ’'=1000 igin basing ve tlrev
degerlertd.

A’ J106E~02 .10LE-01 .10E+00
fy Py’ g Py’ Py Py’ Iy
.10E-07 .002 .01 .002 .01 002 .01
.50E-07 .002 .02 .0a02 .02 .002 .02
<10E-06 .002 .02 002 .02 .002 02
.50L-06 .002 .02 .hoz .02 .002 .02
.10E-05 .002 .03 002 .03 .002 .03
.50F-05 .003 .03 D03 .03 .003 .03
.10E~04 .003 .03 .003 .03 .003 .03
.50E-04 .006 .04 .006 .04 .006 .04
.10E-03 .009 .04 .009 .04 .008 .04
.50E-03 .020 .06 .019 .06 .018 .06
.10E-02 .028 .08 .027 .08 .024 .08
.50E-02 .060 .15 .056 .14 046 .13
.10E-01 , .082 .20 .074 .19 .0458 .17
.50E~01 . 144 .38 . 120 .35 .082 .28
.10E+00 177 .49 . 140 .44 091 .34
. 50E+00 271 .85 .188 .70 .115 .51
.10E+01 L208  1.05 .204 . 84 .128 .59
50T+ 01 303 1.54 .222 1.18 159 .82
10B+02 U e226 134 172 O d
LS00+ 02 oy et , 235 1,71 L1990 102
L100+03 L2650 2038 237 1.87 L2099 1.38
L50E+03 .257  2.80 L2430 2,26 L2260 1,73
L100+04 L2564 2.98 L2440 2,43 L2310 1.89
. 50L+04 0 25 2MFY . 39 247 2,82 L2430 2,27
L100+05 L2510 3.56 248 2.99 L2886 2014
L 507 +05 L2500 3.97 252 3.39 L4000 3.00
L100+06 L2500 101 L2077 3,58 L0000 G0 t3
L 50H+006 L2510 40054 1040 4,24 LA00 0 24
. 105407 L2000 4073 L5901 4,059 L5300 4.59
L500E+07 .494  5.39 .199  5.39 L5000 5.39
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TABLO 24: 1,=100 '=1000 icgin b331n§ ve tiirev

Ty

. 10E-~07
L50E~07
.10E~-06
.50E~06
.10E~-05
. 50E-05
.10FE~-04

.

505-04

.10E~03
L500-03
.10E-02
L50F-02
L1085-01
.508-01
.10E+00
L5015+00
L1001
L a0b+01
L10L+02
.50r+02
L10L0+03

-

SO0+03
10404

0T+ 04
L1008 H05

L 50F+05
.108+00
L90F+006
.100+07
L500+07

k'

degerlori.,

.10E+01
P’ Py
.002 .01
.002 .02
002 .02
.002 .02
.002 .02
.002 .03
.003 .03
L0006 .04
L0008 .01
L0155 .06
L0190 .07
L0330 .11
.033 .13
L0448 .20
.055 .23
L0771 .34
L0800 .30
L1006 .54
.120 G2
.153 .84
168 U5
L1990 1,24
R B 1,39
450 1.90
L8 3,20
e 3,009
L4000 3018
L5000 1.2
L9000 4,80
L5000 5.39

.10E+03 L.10E+04
P’ Py P’ Py
.002 .01 .002 .01
.002 .02 .002 .02
002 .02 L0002 .02
.002 .02 .002 .02
.002 .02 .002 .02
.002 .03 .002 .03
.002 .03 .002 .03
.003 .03 .Q02 .03
.004 .04 .002 .03
.005 .04 .003 L0
L0006 .05 .003 .01
.009 .06 .005 .04
L0110 .07 .006 .05
.015 .00 L0090 .06
.018 .10 .010 .07
L0027 .13 015 .00
L0311 .19 L0210 .10
L5 2 L0598 16
.059 .25 .083 .21
149 .41 .158 .40
L1900 .53 .203 .52
. 351 .06 . 353 .06
111 1.23 A1 1,232
L4779 1.96 L4790 1.90
L8900 2,29 B 2020
o8 3.00 L4948 2,009
L4990 3,43 L4999 3.43
L5000 4,24 L5000 4024
.500  4.59 500 4.59
500 5.39 L5000 5.309

R AARETIM RURGED
D
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sraromls
16.11.1966  taribhinde  Antara’da dogdu. ITk ve orta
Sgrenimini Giresun’da  tawmawladys. 1982 yarbinda Giresun

lLisasinden mezun oldu. 1988 yilinda ITU Petrol Mihendislipi
Rolmint bitirdi. Ayni yi1l ITU Fen Biliwleri Bnstitiisi’niin

Petrol programinda yilksek lisans Sgrenimine bagylada.
-

TL YORSZROGRETIM mx_;t{m
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