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Abstract

An experience in the operation of subsea pipelines, which are part of the existing offshore collection
system, shows that for trouble-free and efficient operation of the collector-transport system and its indivi-
dual subsea pipelines, it is important to choose the optimal operating modes. In the article, based on
known calculation methods and considering the characteristics of heterogeneous well products, an analyti-
cal method for hydraulic calculation and determination of the optimal operating mode of liquid pipelines
is developed, which is tested at the Gunashli field.
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Sualt1 fliiid komorlarinin energetik xiisusiyyatlarinin retro-tahlili

asasinda hasilat quyularinin is rejimlorinin optimallasdirilmasi
(“Giinagli” yatagimin timsalinda)
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Xiilaso

Daniz yataglarinin méveud yigim sistemina daxil olan sualti boru komoarlorinin istismar tocriibasi
gostarir Ki, yigim-naql sistemi vo bura daxil olan ayri-ayri sualti komoarlorin qozasiz vo somoarali islomasi
tigtin onlarin optimal is rejimlarinin diizglin se¢ilmoasi vacibdir. Magalodo malum hesablama iisullarina is-
tinad etmoklo vo heterogen quyu mohsullarinin xiisusiyyatlori nozars alinmagla fliiid komorlorinin hidrav-
lik hesablanmasi vo optimal is rejiminin toyini tigtin analitik tisul islonmis vo “Giinasli” yataginda sinag-
dan ¢ixarilmisdir.

Acar sozlor:  hasilat quyusu, fliiid komari, optimal rejim, hidravlik hesablama, analitik tisul.
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AHHOTANUA

OnpIT 3KCIUTyaTaliy MOJBOAHBIX TPYyOONPOBOIOB, KOTOPHIE SBISIOTCA YaCTHIO CYIIECTBYIOIIEH
MOPCKOH CcHCTeMBI cOOpa, MOKa3bIBaeT, UTO i Oe3aBapUiHON U 3PPEKTUBHONW paOOThI KOJICKTOPHO-
TPAaHCHOPTHOW CHUCTEMBI W BXOZSIIMX B HEE OTACIBbHBIX NOJBOAHBIX TPyOOIPOBOJOB Ba)KHO BHIOPATh
ONTHMANbHBIE PEXUMBI paboTh. B cTarbe Ha OCHOBE H3BECTHBIX METOAOB pacdeTra U C YYETOM
XapaKTepUCTUK  HEOJHOPOJIHBIX  TPOAYKTOB  CKBRXHMH  pa3pabOoTaH  aHAINTUYECKHH  METO[
THIIPAaBIMYECKOT0 pacueTa U OlpeesIeHHs] ONTUMAIBLHOTO pekuMa padoThl XKHUIKOCTHBIX TPYOOIPOBO/IOB,
KOTOPBII OBUT UCTIBITAaH HA MECTOPOXKICHUN «[ TOHEIIIN».

KuaroueBble ciioBa: JKCIUTyaTaIllAOHHAsT CKBaXXWHA, JKUIKOCTHBIM TpyOONpPOBOJ, ONTHMAaILHBINA
PEXUM, TUIIPABINYECKUI pacyeT, aHaTUTUUYECKUI METOS.
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Giris

Mbolumdur ki, Xazar donizinda karbohid-
rogen yataglarimin istismari ayri-ayri doniz
oziillarindon gazilimis quyular, quyu mohsul-
larmin yigilmas: vo nagli iso miirokkob relyef
vo termobarik soraitds isloyan sualti boru ko-
morlori vasitasi ilo hoyata kegirilir. Relyeflo
olagodar asas ¢atinliklor onunla baglidir ki, ha-
silat quyular1 vo onlarin mohsuldarliginin
qurgulart mixtalif o6ziillordo yerlogir. Oksor
hallarda oziillorarast yigim Kollektorlarinda
asagidan yuxari vo okSino yuxaridan asagi
axinlar movcud olur. Moahz relyef vo termoba-
rik soraitlorin doyismosi ilo bagh sualti fliiid
komarlorinds naql soraitinin vo qaz-neft axin-
larmin struktur formalarinin deyismasi hesabi-
na sistemds tozyiq doyiintiilori bas verir, qoza
hallarinin ehtimali ¢oxalir. Madandaxili boru
komorlorinin isinin tohlili gostorir Ki, oksor
hallarda onlarin optimal is rejimlori tomin
olunmur [1-3].

Istismar prosesindo bu vo ya digar so-
bablordon bas vermis doyisikliklarin (quyula-
rin isdon dayanmasi, yeni quyularin iso dis-
moasi, boru xotlorindo bas veran neft-gaz siz-
malar1 vo digor miirokkoblosmalor) sualtt boru
komorlarinin energetik xiisusiyyatlorino eds
bilacak tasirlor iso demok olar ki, xiisusi tadqi-
gat obyekti olmur. Quyu mohsullarinin yigil-
masi vo naqlini hoyata kegiron sualti komorlor
(neft-qaz vo ya fliiid komorlari) quyuagzi toz-
yiq altinda isladiyi ii¢iin onlarin is rejimlarinin
diizglin qurulmasi ¢ox vacibdir. Tahlil gostarir
ki, asas problemlor neft-qaz (fliiid komorlori-
nin) istismar ilo bagl yaranir. Odur ki, mii-
rokkob soraitdo istismar olunan sualti daniz
neft-qaz komorloarinin energetik xiisusiyyatlo-
rinin tohlilinin aparilmasi, onlarin rasional is
rejimlarinin tomin olunmas: hasilat quyulari-
nin optimal is rejimlarinin tamini, eko-istismar
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gostaricilarinin  yaxsilasdirilmasi baximindan
xiisusi shomiyyat kasb edir.

Neft-gaz garisigi naql edon fliiid komor-
lori tigtin optimal is rejimi xiisusi enerji sorfi-
nin (AP/Q) minimum giymotino uygun goalon
hal hesab olunmagla, bir gayda olaraq, grafiki
tsulla Q=f(AP) asililigina koordinat baslangi-
cindan ¢okilmis toxunanla mioyyanlosdirilir
[4]. Toxunanla AP=f(Q) oyrisinin toxunma
ndqtasing uygun golon AP va Q-nin giymatlori
koamarin optimal is rejiminin gostaricilori Kimi
gobul edilir. Eyni ilo xiisusi enerji sarfinin
sorfdon asili olaraq qurulmus qrafikinds xtisu-
si enerji sarfinin minimal giymotino uygun go-
lon sorf gostoricisi optimal rejim gdstoricisi
demokdir. Aparilan tohlil gostorir ki, he¢ do
hamiso geyd olunan grafiki tisullarla komorls-
rin optimal is rejimini doqiq miioyyonlosdir-
mok miimkiin olmur. Qeyd olunanlari nozars
alaraq, asagida fliiid komorlorinin energetik
xiisusiyyatlorinin tohlilini aparmaq, onlarin
optimal is rejimini toyin etmok ti¢iin asagidaki
analitik tisulun islonmasino baxilmisdir.

Neft-qaz garisigini noql edon boru ko-
moarlorinde Gimumi tozyiq itkilori, gravitasiya
itkilori do nozors alinmazsa, asagidak: kimi to-
yin edilir [4, 5]:

AgarPaarVe
“AqarPqarVqar™ qar qarL z :
hqallgpqall

- Z henigpeni
i=1

burada Aqar —

omsalt; Pgar, Vgar —

Ap =

qarigigm hidravlik miigavimat
uygun olaraq, qarisigin
sixhigi (kg/m3) vo orta axin siirati (m/s); L vo
D — uygun olaraq, boru kamarinin uzunlugu vo
diametri (m); hgq, hen
komorinin  asagidan

yuxaridan asagi enon hissasinin uzunlugu (m);

— uygun olaraq, boru

yuxart qalxan vo

Pgal» Pen — uygun olaraq, galxan vo enon
hissolords garisigin sixligidir, kg/m?®.
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Qaris181n orta siiratinin:
4
T 86400(1 — f)mD?
ifadosini (1)-do nazors alsaq, fliiid komarinin
hidravlik (sorf) xarakteristikasi {igiin asagidaki
ifadoni alariq [5]:

Ap = aQ?, +
p=aQ,+b @
_ ~10 AqarPqar | L
a = 1.08693.10710 =L - =

b= thaligpqali - zhenigpeni
i=1 i=1

Burada f — qarisigin hacmi sarf qazlihigs;
Q — qanisigim sorfidir, m*/giin.

Fliiid komorlorinin sarf xarekteristikasi-
na osason onlarin optimal is rejiminin toyini
tictin analitik tisulun iglonilmasine ham xiisusi
enerji sarfinin minimal qiymati, hom do toxu-
nan tisulu nazors alinmagla baxilmigdir.

Xiisusi enerji sarfino gora analitik iisulun
islonmasi

(2) tonliyinin hor iki torofini Q-yo bol-
sok, qgazli neftlori noql etmok tdiglin xususi
enerji sarfinin boru komarinin rejim gostarici-
lorindon asililigini alariq:

©)

Nozari vo riyazi-tacriiba todqiqatlarina
osaslanaraq, a vo b omsallarinin sorfdon asili-

liglarini, praktiki olaraq qgobul olunan
doqiqglikls, asagidaki ifadoslorlo miioyyon
etmok olar [6]:
— B
a= A.lan
(4)

b — eAZ |n2 (an )+BZ In(an )+C2
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Burada 41, 4> vo By, By vo C, — verilon
boru komari {iglin sabit komiyyatlordir. a va b-
nin ifadolorini (2) tonliyindo nozoro alsaq,
alanq:

%P = A,0Q81%1 4 1. e A2 In*(Q)+B;In(Q)+C; (5)

Sonuncu ifadonin hor torofindon Q-yo
gbro toromo alaraq, sifira borabor edib Q-yo
gora hall etsok, boru komorindo axan neft-gaz
qarigigmin optimal sorfini hesablamaq {i¢iin
ifadoni almagq olar:

KlQKZ — eAzlnz(Q)+len(Q)+C2

_ A(B+1)
' 1-2A,In(Q)-B,

6)
K2=Bl+2

(6) ifadosinin hor iki torofini natural
loqarifmlosok vo In(Q)-yo gora alinan kvadrat
tonliyi hall etsok, optimal sorfin hesablanmasi
tiglin asagidaki ifadoni alariq:

—(Bz—K2)+J(Bz—K2)2—4—A2(Cz—ln(Kl))
245

Qopt =e @)

Sonuncu ifadoys daxil olan K; omsali da
Q-don asili oldugu ii¢iin bu ifadodon optimal
sarfin qiymati 0.001% doaqiqliklo hesablanir.
Bunun ii¢lin 1-ci addimda Q-nin qiymati
borudan faktiki axan qarigigin sorfino barabor
qobul edilir, Kij vo Qgpti hesablanir. Sonraki
addimlarda K;; qiymatini hesablamagq ti¢lin Q-
nin qiymoti Qopt¢-1-in  qiymotino borabar
edilir. Lazimi doqiqlik alinandan sonra
optimal sorfin Qqpti -in son qiymotino barabar
gobul edilir.

Beloliklo, (7) ifadesino osason xiisusi
enerji sorfinin qiymotlondirilmasi osasinda
fliiid komorinin optimal sorfini hesablamaq
olar.
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Toxunan iisuluna asason giymoatlondirms

Toxunan isulu ilo gqiymotlondirmoayo
osason fliiid komorinin optimal sorfinin toyini
liclin analitik {isulun islonmosi magsadilo
toxunma noqtesindo  (4p)' =k  oldugunu
qobul edok. Bu ndqte toxunanla AP=f(Q)
oyrisinin ortaq noqtosidir. Onda asagidaki
ifadoni alariq:

(Ap)' =k = A;(By + 2)Q%* + (24,Q7" X

x In(Q) + BZQ‘l)eAzlnz(QHBz In(Q)+C,

(8)

Toxunma noqtesinds toxunanin  vo
AP=f(Q) oyrisinin iimumi ndqtasinin ordinat-

lar1 barabar oldugunu nozors alsaq:

Ap = A,QB1%2 4 eA21n?(Q)+B2In(Q)+C; — kQ
= Q[A1(By + 2)Q"*! + (24,Q7'In(Q) +
_I_BzQ—l)eAzlnz(Q)+len(Q)+C2]

A,QB1+2 4 eA21n?(Q)+B2In(Q)+C; —

= A;(B; +2)Q5*% + (24,In(Q) +
+Bz)eAzln2(Q)+len(Q)+C2

A1Q31+2 _ Al(Bl + 2)Q31+2 —
= 24,In(Q) + B, — 1)e42n*(@+B2In(Q)+C;

A1(By + 1)Q™™? = (24,In(Q) +
+B,— 1)eA21n2(Q)+len(Q)+CZ

Ai(B;+1)
1-24,In(Q) — B,
= gA2In?(Q)+B;In(Q)+C;

QBl+2 —

Sonuncu ifade (6) tenliyi ilo eyni
alindigindan, sonraki omaliyyatlar1 aparmadan

fliid komorindo sorfin optimal giymotini
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hesablamaq tiglin (7) ifadosi ilo eyni olan
asagidaki diisturu aliriq:

~(B,—Kyp)+y(B,—K;)? 44, (C, ~In(K, )
Qe =€ 2
opt (9)

Gortindiyt kimi (7) va (9) analitik ifa-
dalari eynidir. Yoni hor iki tisulla hesablanmis
neft-qgaz garisiginin optimal sorfinin giymati
eyni olacaqdir.

Fliid komorlarinin energetik xiisusiyyat-
lorinin tohlili magsadilo “Giinogli” yataginin
timsalinda retrospektiv moalumatlar osasinda
fliiid komaorloari tigiin [3, 4, 7-10] hidravlik he-
sablamalar aparmagq ti¢iin Microsoft Excel sis-
temindo makroslardan istifado etmoklo xiisusi
program tortib olunmus va 15 vo 5-ci Oziillor
arasi “15-5, 5 va 2-ci oziiller aras1 “5-2” vo 8
ilo 13-cii Oziillor aras1 “8-13” sualt1 fliiid ko-
morloari tiglin sinagdan kegirilmisdir.

Homin komaorlorin hondosi olgiilori vo
faktiki rejim gostaricilori cadval 1-da verilmis-
dir. Fliid kemarlorinin hidravlik hesablanma-
sinin naticalori iso cadval 2-do gostorilmisdir.

Islonilon program tominathi diagnostik
metodikaya osason aparilmig hesablamalarin
naticolorine  gora  fliiid komorlori  {iglin
AP=f(Q), AP/Q=f(Q) asililiglar1 qurulmus,
onlarin optimal va faktiki is rejimlori miiqayi-
s9 edilmis vo yiiklonma doracslori miisyyan-
losdirilmisdir.

Qeyd olunan asililiglar uygun olaraqg, se-
kil 1-3-do gostorilmisdir. Homin sokillords yu-
xarida geyd olunan analitik {isula asason tayin
edilmis sorfin optimal giymati miivafiq ayrilor
tizarinds geyd olunmusdur. Homin grafiklords
hamginin sualt fltiid kemarlarinin faktiki sorf
gostaricilari do verilmisdir. Sokillordon goériin-
diiyti kimi, baxilan komarlorin heg biri optimal
is rejiminda islomir (yiiklonmo daracalari
asagidir).
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Cadval 1 - “Giinasli” yataginin sualt1 fliiid komorlarinin handssi dlgiilari vo faktiki rejim gostaricilori
Tablel — Geometrical dimensions and actual regime indicators of the underwater fluid pipelines of
“Gunashli” field

Oziillor Fliiid kemarlorinin handssi dl¢iilari Tozyiq Sorflar
arast
Komorlor uzunlugu | diametri hu?i:ﬁ:jyu hurfgillguyu baglangic | son neft qaz
L D hqal hen pb ps Qn Qq
m m m m MPa MPa | mgiin | m%giin
15-5 1200 0.325 122 119 2.13 1.67 2000 | 780000
5-2 1100 0.325 119 108 1.67 1.33 536 252050
8-13 1600 0.325 159 160 2.79 2.28 258 35000
Cadval 2 — Sualt1 fliiid kemarlarinin hidravlik hesablanmasinin naticalori
Table 2 — Results of hydraulic calculation of underwater fluid pipelines
Neft-qaz axinlarinin faktiki rejim gostoricilori
Oziillor Nogl Axinin Hidravlik AP =aQ’ +b Umumi
arasi ssrajtinde (.)‘rta. miigavimot modelindo .tez.yiq.
komorlor | qarisigin sorfi suirati omsal1 4 vo b —nin faktiki itkilori
giymaotlori
Quq Vaar A Alfak Brak Ap
m>/giin m°/s MPa
15-5 2096 6.50 0.0128 1.166-:10° 0.1101 0.161
5-2 563 2.65 0.0153 1.996-10° 0.2159 0.222
8-13 275 0.22 0.0261 0.6507-10° 0.9850 0.986
1.10 ' 3
1.00
2 o0 41 T 25
§_, 0.80 \ %
< 070 \ T 2 g
2 060 \ 1,5 &
g 0.50 A ’ E
€ o040 \ @
= N T1 &
£ 030 T~ ic}
£ 020 B — S = o
b T e—a o] = 0.5 =7
0.10 Y = Z
0 1000 2000 3000 4000 5000

Qanyigin sarfi, Q (m*/gin)
—&— Toklif olman iisulla optimal rejim
—{1- Faktiki rejim
—A— Toxunan usulla optimal rejim
Sokil 1 — “15-5” sayli sualt1 fliiid kemarinin optimal is rejiminin toyini (“Glinasli” yatagi)
Figure 1 — Determination of the optimal operating mode of the underwater fluid pipelines “15-5”
("Gunashli" field)
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Sokil 2 — “5-2” sayli sualti fliiid komarinin optimal is rejiminin tayini (“Giinasli” yatagi)
Figure 2 — Determination of the optimal operating mode of the underwater fluid pipeline “5-2”
(“Gunashli” field)
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Qeyd: Sakillordaki optimal is rejiminin gostoricilori analitik tisulla daqiqlasdirilmisdir.

Sokil 3 — “8-13” sayl1 sualt1 flilid komerinin optimal is rejiminin toyini (“Giinosli” yatagt)
Figure 3 — Determination of the optimal operating mode of the underwater fluid pipeline “8-13” (“Gunashli” field)
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Natico

Sualtt deniz fliiid kemarlorinin optimal
is rejiminin toyini {i¢lin analitik tisul islonilmis
va simaqdan ¢ixarilmigdir.

Retromolumatlarin  (2009-cu il) tohlili
noaticasindo miioyyon edilmisdir ki, “Giinagli”
doniz yataginin quyu mohsullarinin y1gimi vo
noglini hoyata kegiron flilid komorlorinin
yiikklonmo doracolori  asagidir
optimal is rejiminin tomini Ug¢iin komorlor

va onlarin

olavo yliklonmolidir. Homin komorlor iigiin
xiisusi enerji sorfinin  minimum qiymoto
catmasli, yoni, is rejiminin optimallagdirilmast,
hasilat quyularmin is rejimlorinin optimallas-

dirilmasi ticilin ¢ox vacibdir.

Maragqlar miinaqisasi

Miuslliflor bu moqalods arasdirilmast
tolob maraqlar
olmadigini qeyd edirlor.

olunan miinaqisasinin
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