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BBEAEHME(INTRODUCTION)

YTo TaKoe SciencEngineering? What is SciencEngineering?

Ingenium (y1am.) — n3obpeTaTenbHbIN, UCKYCHbIW, 3HAKOLLNIA = Scienckngineering (SE) — AaucumnauHa,
Ingenium (lat.) — inventive, skillful, knowledgeable o o
3a4Q4en KOTOpOM ABAAETCA MNPUMEHeHUue
S T i, METOA0B M AOCTUNKEHUN GYHAAMEHTA/IbHbIX
P Eai ] g T HAayK NpPW NPOEKTUPOBAHMK, pa3paboTke U
Gum i WL W E aHa/nM3e npPOM3BOACTBEHHbIX CUCTEM U
T I AT o,
8 i AL MPOLLeCcCoB.
R ) wmenr D o o
Ll S | = SE Bcerga Obln OCHOBOW MHXEHEPHOro

Aena, HO Cenyac Ha4van BblAENATbCA B
oTaeNbHyt0 06nacTb 3HAHUM U YMEHUN B
CBA3MU C pPOCTOM «HAYKOEMKOCTU»
COBpPEeMEHHbIX MPOM3BOACTB.

= SE xapaKtepusyerT:

*  MYAbTUAUCLUNIINHAPHOCTb
(multidisciplinary)

* KomnaeKcHocTb (complexity)

* CUHeprMa TeopuUM U  NPAKTUKU
(synergy of theory and practice)

*  WMHHOBAUMOHHOCTDb (innovativeness)
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BBEZIEHME (INTRODUCTION)

Y1o TaKoe SciencEngineering? What is SciencEngineering?

Engineering SciencEngineering




BBEZIEHME (INTRODUCTION)

['maopogmHamMmunyeckoe
MoaenpoBaHue
[MonyaHanuTtuka Hydrodynamic
Semi-analytics simulation

il ((///,/////// ~
My

AHanuTuka
Analytics -

weH f(Apauernr weH)

|

CopepXaHue AoKnaga

Presentation Content

[lna onTummnsaumm cucTemsl pa3pa60TKM HeobxoauMo umeTb Bce 3 YPOBHA MOAeNMpoBaHUA. Kaxxabin
CJ'Ie,EI,yI-OIJJ,I/IIZ YPOBEHbL YTOYHAET npep,bl,uyu.mﬁ, YMEHbLUAET obnacTtb noucka.

All the three levels of modeling are required for development system optimization. Every next level verlfles
the data obtained from the previous one and reduces the search area.



BBEZIEHME (INTRODUCTION)

I'Iapameprl onTmmMmu3aumm
(Optimization parameters):
* Bug cucrembl paspabotkmn (Well pattern)
» [edopmauus cmctemsl pa3paboTku
(Deformation of development system)
* Cnocob 3akaH4mBaHua ckBaxuH (Method
of wells completion)
* Bpems oTpaboTku HarHeTaTenbHbIX
CKBaXXWH Ha HedTb (Injection wells
operation period as producers)

NMapameTpbl oNnTMMM3auum
(Optimization parameters) :

Mopsgok BBoga ckBaxuH B Jobbivy (Method of
wells commissioning for production)

PacnonoxeHne kagow cKkBaXkuHbl Mo
nnowaaun (Location of each well on the field)

lMpoBoaka Kaxaon ckBaxkuHbl Nno nnacty (Each
well drilling in the bed)

Pexxum paboTbl kKaxgon ckBaxuHbl (Each well
operation mode) 6



BBEZIEHME (INTRODUCTION)

enb: BbIOOp CUCTEMbI pa3paboTtku,
Makcummsupyrowen NPV npoekta, npuM 3agaHHbIX
3KOHOMMYECKMX MapamMeTpax MW KOHUenTyanbHbIX
peleHusix no nHppacTpykType

llpu paccMompeHuu oO2paHU4YeHHO20 KoJiuyecmea
eapuaHmoe, ecmb PUCK MPUHSIMUST HeoNnMuMasilbHO20
peuweHus.

Ans KPYNHbIX npoekmos, onpedesnissrouw,ux
cmoumocmb KomnaHuu, uyesiecoobpasHo cmpoumb
«HernpepbI8HbLIE» modenu, MaKcuMaJibHO

oxeambliearOouwjue 803MOXHbIe eapuaHmbl.

Objective: selection of such development system that
would maximize the project NPV at given economic

parameters and conceptual infrastructure solutions.

When considering a limited amount of options there is

arisk of reaching a nonoptimal solution.

For large projects that constitute a Company’s value it
is reasonable to make “continuous” models that cover

most possible options.

A A MAX

e o [

BapnaHT 2g45a47 3
@ (Option 2) (option 3)

BapuaHTt 1
(Option 1) > >

doHA CKBaXXUH doHA CKBaXXUH
Well stock Well stock

Mpumep (Example)

NPV
NPV

« OnpegeneHve onTUManbHOM ANUHbLI TOPU3OHTaNbHOM
ckBaxuHbl (Defining optimum length of a horizontal
well)

ANPV = +20 mnpga. py6. (bin Rub)

« BbIbop onTManbHON NAOTHOCTU CETKU CKBaXXWMH
(Selecting optimum well pattern)

ANPV = +10 mnpga. py6. (bin Rub)

» BbIbop ontumansbHoro npodunsa nobelum (Selecting
optimum production profile)

ANPV = +13 mnpa. py6. (bin Rub)

CymmapHbIv npupoct ANPV = +43 mnpa. pyo.
(Total incremental ANPV = +43 bln Rub) /



METOL TOYEYHbIX
MCTOYHHNKOB OJ1A4 PACHETA
OEBNTOB CKBAXWH
POINT SOURCE METHOD FOR
WELLS PRODUCTIVITY
CALCULATION



METO/L, TOYEYHbIX MCTOYHMKOB (POINT SOURCE METHOD)

MeToa4 TOYEYHbIX UCTOYHWUKOB SABMNSAETCS NepCrnekTUBHbIM METOLOM MOAENUPOBaHUA (PU3NYECKUX MONewn.
OTO MeTo[, 4YaCcTo HasblBaeMbli B 3apybexHoOW nuTepaType MeToaoM (oyHOaMeHTarbHbIX pelleHuin, B
HacTosLLee BpeMs UCMOSb3yeTCA B NMEPBYO ovepenb ANns pelweHus ypaBHeHua Jlannaca. OgHako OH MOXeT
ObITb UCNONBb30BaH N ANS PELUEHUs OPYrMX ypaBHEHUW maTtemaTtmyeckon pusmkn. (Point source method is
a promising technique for physical fields modeling. This method, which in foreign literature is often defined
as a method of fundamental solutions, is currently used primarily for solving the Laplace equation. However
it can also be used for solving other equations of mathematical physics. )

K O°P k O°P k 0°P -0 YpaBHeHue Jlannaca

X 8X 5}’ 52 (Laplace equation)

O°P +82P +82P ~10P
2 2 2~ 4 ot YpaBHeHue nbe3onpoBogHOCTH
X oy oz Aot (Diffusion equation)



METO/L, TOYEYHbIX MCTOYHMKOB (POINT SOURCE METHOD)

YCTaHOBUBLLUUUCA PEKUM

(Steady-state flow)

CKBaXXMHbI NpeacTaBnstoT cObon Toue4YHble NCTOYHUKK/ CTOKM, paboTatoume ¢

noctoaHHbIM aasneHnem. (Wells are point sources / stocks operating under constant
pressure)

,qu I Rk BoamyLieHre gaBneHne ogHOW CKBaXXUHbI (MCTOYHUKA)
P — Pk —_ 2 h N (Pressure disturbance of one well (source))
;ZI : r [ns cucTembl CKBaXXMH CyMMapHoe
BO3MYLLIEHNE AaBNeHNsa onpeaenseTca Kak

,UCI i R lqu R CymMMa BO3MYLLIEHWUIA JaBfieHns, co3aaBaemblxX
P —P=—In—*+) 0 |n*
k

- OoTAellbHbIMU CKBa>XHaMMW.

J 2 kh rcj oy 2 7kh I.  (Forawell system the total pressure

') disturbance is defined as a sum of pressure
disturbances generated by separate wells.) 10



METO/ TOYEYHbIX MCTOYHWUKOB (POINT SOURCE METHOD)

OnTUMmanbHaa cuctema PaspPaboTKU rOPU30OHTAZIbHbIMU CKBAXKMHAMU
(Optimum development system with horizontal wells)

| |
T T I—,‘,,j ...................
........................ : Lyrog SR
< o
------------------------------------------------ LX EENEEEEEEEEEEEEEEEEEEER
I I N N . E I I N N .
| | |

PsaagHas cuctema pa3paboTku ropM3OHTamNbHbIMW CKBaXMHAMK (CNAOLIHLIMW AIMHUSIMW 0603HaYveHbl 400bIBaOLLNE CKBAXKUHDBI, MYHKTUPHBIMUW —
HarHeTaTesnbHbIE)
In-line development system with horizontal wells (solid lines show production wells, dotted lines show injection wells)

1ebuT ropn3oHTaNbHOM CKBAXKUHbI:
Flow rate of a horizontal well:

27K,h(P = P,,o4)

qh =
1 4A h” h”
“In 5 + —In

2 \yC,L /16 L

. 7h
27, smhp

11



METO/L, TOYEYHbIX MCTOYHMKOB (POINT SOURCE METHOD)

OnTmanbHaa cuctema pPaspPaboTKU rOPU30HTA/IbHbIMU CKBa*KMHaAMU
(Optimum development system with horizontal wells)

g -

<
|8

8
7
6
5
4
3
2
1
0 +

T T 1
] 0.2 0.4 0.6 0.8

3aBu1cMMOCTb hopM-thakTopa OT reomeTpum 0dnacTn gpeHNpPoBaHNs
Shape-factor relation to geometry of drainage area

L° LY L
oL, =2+115 c. - a(LyJ p s
L, = /2A+1.152 a= f(L2/A)=17.5¢ 074
A b =const =—-6

Y [2A+1.1512 C = f(L2/A) =1.0600%0 A

12



METO/A TOYEYHbIX MICTOYHWMKOB (POINT SOURCE
METHOD)

OnTumanbHaa cuctema pPaspPaboTKM ropU3oHTa/IbHbIMU CKBaXKMHaAMU
(Optimum development system with horizontal wells)

I'Ipumep: Tpebyetca BbIOpaTb ONTMMANbHOE PACMNONIOMKEHME TOPU3OHTA/NIbHBIX CKBAXXMH B PAAHON cucteme pas3paboTKM u paccumtaTtb
AebUT TaKMX CKBa*KWH, eCIM M3BECTHO, YTO NOLWaAb, NPMXOAALWAACS Ha 0AHY CKBa*KMHY annHon 1000 m, paBHa 72 la, 3aboiHoe aaBneHue
A06bIBatoLWmMX cKBaXKMH 100 atm, HarHeTaTenbHbIx 300 atm. Paguyc ropmsoHTanbHoro cteona 0.078 m. Mnact ¢ apdeKTMBHOM TonwmHON 10 m n
npoHnuaemoctbto 5 m/[l, OTHOWEHWE TFOPU3OHTANIbHOM MPOHULAEMOCTU K BepTuKanbHoM 10, ckuH-dbakTop 0, BA3KOCTbL HedTtn 1.2 cll,
06bemHbIl pakTop 1.24.

Example: It is required to select an optimum pattern of horizontal wells arrangement in an in-line development system and calculate these
wells production rate if it is known that the area for each 1000m long well equals to 72 ha, bottom hole pressure of production wells is 100
atm of injection wells is 300 atm. The radius of a horizontal hole is 0.078 m. The effective thickness of the reservoir is 10 m, permeability is
5mD, horizontal to vertical permeability ratio is 10, skin factor is 0, oil viscosity is 1.2 cP, volume factor is 1.24.

2 2
PeweHue L L, =2+115"° =24115 299 35
(Solution): A 720000
078 1000
a= 175e 720000 ~ 5 92
03 100¢°
c=1.06e  72°000~(.64

2 —cX

L L
a—2+be Y ~7
v=(a+b)

27k h(P - P
q, = h ( pmd) ~ 239 ° [ cym

1 4A h" h*
Ml e et h
Yi-a 2ar) sin —*

13



METOA TOYEYHbIX MCTOYHMKOB (POINT SOURCE
METHOD)

HeycTaHOBUBLLUMNCA PEXKUM
Unsteady-state flow

YpaBHeHne ona pacnpeneneHna nasneHna umeet Bug (Equation of pressure distribution
is as follows):

wmj_lap
ror\ or) Aot ., ,_ K

muC
K
where A = —— isadiffusivity coefficiert

muC
P(r,0) = P(w0,t) = Py

— K03 (PUILIMEH T TTHE30IIPOBQIHOCT U

3agaHbl cnegywwmne HavalribHble U rpaHn4YHble YCITOBUA:

Initial and boundary conditions are as follows:
P(r..t) =R

3agavda 06 onpegeneHnn geduta XNOKoCcTn Npy NOCTOAHHOM 3ab60MHOM AaBNEeHUN
CBOAUTCA K OTbICKaHMIO oyHKUMKM (t) N3 nHTEerpanbHOro ypaBHeHUS:
The problem of calculation of a fluid flow at constant bottom hole pressure comes down

to defining the function q(t) from integral equation:

r2

A42(t —7)
P —P d
. O 47th E[)q(r)e T

14



METO/A TOYEYHbIX MICTOYHWMKOB (POINT SOURCE
METHOD)

HeycTaHOBUBLUUINCA PEXKUM
Unsteady-state flow

HecTaunoHapHbIN AeOUT KUAKOCTU CKBAXKMHbI B PpaAnasibHOM NaacTe npu
NOCTOAHHOM 3a60MHOM AaBAEHUN:

Unsteady fluid flow in radial reservoir at constant bottom hole pressure:

A47Kh(P.—-P)) & : : b
RS gle 2 -6 ) :
qn_ /,l k=1 n+1_k n_k b— rc Z— K
Ei(—b) ’ 4AAL muC
h — momwuna niacma h —thickness
M — nopucmocmuw m — porosity
K — nponuyaemocmo K — permeability
r- PAouyc CKEANCUHDL r- well radius
PO — HAUAIbHOE NIACMO0B80€e 0asleHUe PO —initial reservoir pressure
PC — 3a001liHo€e OaéneHue PC —bottom hole pressure
L — 8513KOCMb HCUOKOCU w— fluid viscosity

C —obwas coccumaemocms C —total compressibility 15



METO/L, TOYEYHbIX MCTOYHMKOB (POINT SOURCE METHOD)

HeycTaHOBUBLUUINCA PEXKUM
Unsteady-state flow

[Mpwn otcytcTBuKM TpewmH NPT nnu npn Hannumm TpelwwmH NPl ¢ 6eckoHeYHON NPOBOAMMOCTbBIO cUcTeEMa
ypaBHEHWNIN, KOTOpas No3BOSISIET NOCeAoBaTeNbHO BO BpEMEHU onpeaennTb AMHaMuKy AebutoB Bcex

CKBaXXWH, UMeeT BUAa;
With hydraulic fractures of infinite conductivity or with no hydraulic fracturing at all the equation system
which allows defining all wells productivity dynamics consequently in time looks as follows:

2
brIJ

AN L1 NS e P | e b _
un Ei(- rz)— p [Pc,j Po] Z Z‘qi {E'lz (n+1—Jk)rC2} E'|: (n—li)rfﬂ , J=1..N

[Mpn Hannynn TpelunH NPl ¢ KoHeYHON NPOBOANUMOCTbLIO CUCTEMA YPaBHEHUI OOMKHA ObIThb
OOMNOSTHEHA CUCTEMON ypaBHEHUI MO pacyeTy 3abONHbIX JaBNeHUSIX Ha MCTOYHUKAX

NMUTUPYIOLLNX TPELLUNHBI:
With hydraulic fractures of finite conductivity the equation system must be supplemented

with additional equation system to calculate bottom hole pressure rates at sources that
simulate the fractures: Ngro

Uc,i+1 — Uc,O N F quv + (I +1) qu ql+1

grp’ cd v=1l =i+l

rae (where)
2N, +1 ckBaxxuH nmuTup y 10T Tp ey I'P1T
2N, +1 wells simulating hydraulic fracture e



METO/ TOYEYHbIX MCTOYHWUKOB (POINT SOURCE METHOD)

OnTumanbHOe Bpemsa OTPabOTKM HarHeTaTe/IbHbIX CKBAXXWH
Optimum injection wells operation period as producers

600

q, m?
500
400 2000
—k --*r- —h
1500
300
\ e—1000 o
200
\ 500
100 = " ——h— L ——
>
====gprod -2000 -1000 ) 1000
0 -500
0 50 100 150  t,day 200 ====qinj
-_._1nnn S—.
-100 ————— =1IUUU
200 / -1560
— —— —h
( -2000
-300 o

-400

MeToa NCTOYHMKOB ObIn peann3oBaH B BUAE pacHETHOro Moayns
Point source method was implemented as a calculation module



METO/ TOYEYHbIX MCTOYHMKOB (POINT SOURCE
METHOD)

OnTumanbHOe Bpemsa OTPaAbOTKM HarHeTaTe/IbHbIX CKBaXXWH
Optimum injection wells operation period as producers

e Cemee™ - max{Qu (q(t) . 1)

eoe

T t
where Qi = fql(t)e‘”dt + j"‘_‘.q2 (t)e "dt
0 0

0, (t), g, (t) - AeBUTbI CKBaXXUHbI B peXMMe HarHeTaHnsa u aobbium
well flow rate in injection and production mode

T - Bpems paboTbl HarHeTaTENBHOW CKBaXXUHbI B pexnme 4o6b14m
Injection well operation time in production mode

t - obwee Bpems pacyeta
total calculation time

I - KO3pdDUUMEHT ANCKOHTMPOBAHMS
discounted rate of return

] - Konu4yecTBO A06bLIBAKOLLMX CKBaXKWH, COOTBETCTBYIOLLMX O4HOM
HarHeTaTenbHOM ANs BblIOpaHHOW cucTeMbl pa3paboTku
number of production wells corresponding to one injection well for

selected development system 18



METO/ TOYEYHbIX MICTOYHMKOB (POINT SOURCE
METHOD)

OnTumanbHOe Bpemsa OTPabOoTKM HarHetaTe/ibHbIX CKBaXXUH
Optimum injection wells operation period as producers

cumulative discount production
=]
)
~

0 50 100 150 200 250 300 350 400
T, day

t
Qo = fo q()eTidt

19



METO/A TOYEYHbIX MICTOYHWMKOB (POINT SOURCE
METHOD)

MoaenvpoBaHne MHOro3abomHbIX CKBaXWH
Multilateral wells modeling

(leyjlzj)

PaccmoTpuM OTKpbIThIN CTBON ANUHBLI L. Pazobbem ero Ha n y4acTKOB, KaXabl AFIMHOWN |;, 38HUTHLIM YrNoM Q; 1 a3uMyTarnbHbIM
yrnowm (3;. Toraa noTeHuman ot i-ro y4acTka B TO4Ke (X;,Y},Z)) C y4eTOM rpaHn4HbIX yCrnoBui Oyaer:

Let us consider an open hole of length L. Let us splitit into n number of areas each area being of |; length, inclination angle q;
and horizontal angle B:. Then the potential of each i-area in point (x;v;,z)) considering the limiting condition shall be as folows:

oo [ -1 -1
F = —% Z Ji([,j.ﬂq + 4, +;:13J_1 + [VA + 4, +A4J_1 - JH3+ (zj—z + th)zJ - JR§+ (z +z +2mh}zl )dl
2

m=s—o

roe (where) Ay = (x = (x; + Isina; cosB)), A= (v — O +Isinaysin )
Az = (2= (z + lcosa;) + 2mh)’, A, = (zj + (2 + lcosa) + 2mh)’

Mo matepmnanam pabotbli: M.B. [BonHukos, K.M. Kones, [1.1. Bogopesos, A.B. OwmnbkoB «Mogenb paboTbl MHOro3abomnHom
CKBaXXMHbl C pPasnUYHbIMK TUNAaMN KOHCTPYKUMK 3aB0€eB nNpu cTaumoHapHOM pexunme —HedTaHoe xo3sancteo 2014 » 20



METO/L, TOYEYHbIX MCTOYHMKOB (POINT SOURCE METHOD)

MoaenupoBaHue MHOTo3aboNHbIX CKBa*KUH
Multilateral wells modeling

B : Iy ! .
bINULIEM UHTErpan f AT AT ) Ll [ [VaF ¥ ¢] '

Let us take the integral equation.

pe

Where a=1 b=-2 ((xj- — x;) sina;cos B + (y; —yi) sina;sin f; + (z; — z; + Emh]).

c=(x - .r,-}z +(y - }n-)z +(z -z + th)z

PewweHnem byget
The solution shall be

UG O I RORe O 7 P TROR S

AHanorn4yHo HaxoauTCsa BTOpPOeE craraeMoe, TpeTbe N YeTBEepPTOoe criaraemble He 3aBucaT oT |. O6o3HaunMmM cymmy Kak Sij u
nepenaem K genpeccuu:

47K
}J,enpeccvm OT BCEX NMMHENHbIX UCTOYHUKOB: n
_N\NCdiu
APJ == S”
= 47K

3Has koopauHaTbl BCeX MCTOYHUKOB M 3ab0HOE AaBrneHne, BbiNMcaB N ypaBHEHMWI NS BCEX UCTOYHUKOB, MOXHO HanTu
AebuTbl. 3HayeHMe NoTeHUMana B Hyrne He onpeaeneHo, HeobxoAnmMo onpeaenvTb NOTEHLMAr Ha rPaHNLIE CKBaXXMHbI Rw:

Rw

L/2

Mo maTtepunanam patbotsl: M.B. [BonHukos, XK.M. Kones, [.0. Bogopesos, A.B. Ownbkos «Moaenb paboTbl MHOro3abomnHowm
CKBaXXWHbI C pasfMYHbIMX TUMAMKN KOHCTPYKLUMK 3ab6oeB nNpu cTaumMoHapHoM pexume —HedTaHoe xo3ancteo 2014 » 21



METO/L, TOYEYHbIX MCTOYHMKOB (POINT SOURCE METHOD)

MoaenmpoBaHMe MHOT03aboMHbIX CKBaXKWH
Multilateral wells modeling

Mpumep: [OnuHa nepdopaumoHHoro yyactka 20 M, onuHbl OTKPbITbIX CTBOS0B 20 1 40 M,
TonwwuHa nnacta 6 m, R,=1500 M, R,,=0.1 m, paauyc nepcopaumoHHbIx kaHanos R,=0.01
M, AnHa nepgopauunoHHbIx kaHanos L,= 0.5 m, P,=300 atm, P,=200 atm, k=40 m[], u=5
cll.

Example: Length of perforation section is 20 m, open holes lengths are 20 and 40m,
reservoir thickness is 6 m, R, =1500 m, R,,=0.1 m, radius of perforation channel is R,=0.01
m, length of perforation channel is L,= 0.5 m, P,=300 atm, P,=200 atm, k=40 mD, y=5 cP

Open hole

Q = 58 m3/day: (10+17+31)

N\

—

1 \
EETTETISRE Sy N— e —

0 T T . T )
0 20 40 60 80 100
Length, m

Perforated section

Flow rates of the sources density, m"3/day/L
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MHCTPYMEHT
MOLEJIMPOBAHNA PASJTIMYHDLIX
CUCTEM PA3PABOTKW
MODELING TOOL FOR VARIOUS
DEVELOPMENT SYSTEMS



NMHCTPYMEHT MOAE/IMPOBAHUA PA3/TNYHBIX CUCTEM PASPABOTKH
MODELING TOOL FOR VARIOUS DEVELOPMENT SYSTEMS

METOA MOAETMPOBAHUA:
* MeToaom TOYEYHbIX MCTOYHUKOB PacCYmUTbIBaOTCA
[ebUTbl Bcex CKBaXKMH B cucteMe paspaboTku

CTponaTca KaHanbl 2-pasHol dunbTpaunm — TpybKu
TOKa.
Ona kaxkpon Tpybku pewaetca 1-mepHada 3aga4a
BbITECHEHUA.

Cxema pacyeTa AByxdasHon unbTpaumm

MoaroToBKa BXOAHbIX AaHHbIX
(3aBucumoctb KoaddpuymeHTa

Pacyet febuToB g; N0 N3BECTHLIM
Pa6oiitoe, i A/1A BCEX CKBAXKMH

MODELING METHOD:

* The flow rates of each well are being calculated by
using point source method
Two-phase filtration channels are build —

streamtubes

One-dimensional displacement problem is solved for

each streamtube.

Two phase filtration calculation scheme

Preparation of inputs
(dependence of surface
efficiency on streamtubes

p ) (oaHO®a3zHbIN cnyyalt) —
0XBaTa OT A/INHbI TPYOOK TOKa, peweHme CIAY
MO®M) — _
P3a6 = Aq
2
Tpaccuposka TpyboK TOKa
(koopanHaTbl, 06bEM OT €=} PacueT nons AasneHus no naacry

KOOpAUHaTbI)

Calculation of production rates g;
using known Ppgiiom hole, i fOr every
well (single-phase) — solving a
system of linear algebraic

lengths, PRP) _equations
Pbottom—hole = Aq
v

Y

PeweHune o0HomepHol 3a0ayu
BbiTecHeHUA (baknesa-/leBepeTTa)
Ha KaxgoMl TpybKe TOKa;
CymmupoBaHue
TEXHOJIOTMYECKUX XapPaKTEPUCTUK
no BCcem TpybKam

streamtubes routing
(coordinates, volume from a
coordinate)

Calculation of pressure field in
reservoir

2

[ebut Kuakoctm u HedT npu

AByxdasHoM GUnbTpauum ans

KaKg0M CKBaXKMHbI 3/1€EMEHTa
pa3paboTku

Solving a one-dimensional
displacement
problem(J-function) for each
streamtube;
Summing of technical
characteristics for every tube

Fluid and oil flow at two-phase
filtration for each well of the
development element
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NMHCTPYMEHT MOAE/IMPOBAHUA PA3/TNYHBIX CUCTEM PASPABOTKH
MODELING TOOL FOR VARIOUS DEVELOPMENT SYSTEMS

APPROXIMATIONS
reservoir is homogeneous and infinite
homogeneous compressible fluid flows in
homogeneous, isotropic, compressible, porous
medium
Hydraulic fracture fully penetrates through the
reservoir
Bottom hole pressure at each operation mode of
the well is kept steady

NMPUBIUKEHNA

. MnacT ogHOPOAHbIN N HECKOHEYHbINM NO
NPOTAXKEHHOCTH
OaHopoaHasA CKUMAEMas XKUOKOCTb ABUMKETCA B

OAHOPOAHOM, U3OTPOMHOM, CMMaAEMOM, MOPUCTOMN
cpeae

TpewmHa Pl NnoNHOCTbIO BCKPbIBAET NAACT
MoanepMBaeTca NOCTOSSHHOM 3abonHOe AaBneHne
Ha KaXX[A0M U3 PEKMMOB PaboTbl CKBaXKMUHbI

Cxema pacyeTa HEYyCTaHOBUBLUErocs pexkmuma Unsteady flow mode calculation scheme
PelweHune ypaBHeHUA Solving a diffusion equation
Nbe3onpPoBOAHOCTU (single-phase case) by point
(oaHodasHbIii ciyyait) source method and quasi-steady
MeToA4aMM1 TOYEYHbIX approximation
WNCTOUYHMKOB U
KBa3MCTaLMOHApHOro
npnbanKeHnsA 1’
Y
HecTtauyoHapHbIi gebut Unsteady fluid flow rate
MUIKOCTK
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NWHCTPYMEHT MOAEJ/IMPOBAHUA PA3J/IMYHbIX CUCTEM PA3SPABOTKU
MODELING TOOL FOR VARIOUS DEVELOPMENT SYSTEMS

TpaccupoBKa IMHUN TOKaA
Streamlines routing

OT Kagoro NCTOYHMKA, MOAENUPYIOLLETO
HarHeTaTenbHY CKBaXWHY, TPACCUPYHOTCS NIMHUM TOKa.

TpaccupoBKa NUHUI ToKa NPoOn3BoaMTCA NO
cTauMoHapHOMYy Moni AasfeHnn na ogHoda3Horo

cnydyas:
dX_VX_ dy_vy
dS V' dS V

rae CKopocTu counbTpaLmu:

VX :_kap; Vy :_kap;
e OX u oy

Point sources 5 5
- V = \/QX +Vy

[MonyyeHHasn cuctema oBbIKHOBEHHbIX AnddepeHLnanbHbIX YpaBHEHUN

dX: o,P Cdy _ o,P
S (o,PP+lo,PP 95 (@,PF+(0,PF

pellaeTcd SBHbIM MeToaoM PyHre-KyTTa.

Mnowaab cedenmns Tpy6ku Toka onpeaensietcs ua cootHowenna (= A(X, y)-V 26



NMHCTPYMEHT MOAE/IMPOBAHUA PA3/TNYHBIX CUCTEM PASPABOTKH
MODELING TOOL FOR VARIOUS DEVELOPMENT SYSTEMS

TpaccupoBKa NuHUi
TOKa
Streamtubes routing

Punbrpauma BAOAb TPYOOK TOKaA

Filtration along the streamtubes

*  [ONSA Kaxgomn Tpyoku

TOKa peluaeTcs
oHoMepHasi3ajava  §
BbITECHEHUS;

« for each tube a one-

dimensional problem
is to be solved

¢ CyMMupoBaHue

TEXHOMNOMNYECKMX
XapaKkTepuUCTUK No BCeM
Tpy6Kam.

* summing of technological

characteristics for all
tubes.

water

U
Xstreamtube

mpy601c
qllqmd( ) anllqmd

mpy60K

qml( ) an oil

27




NWHCTPYMEHT MOAEJIMPOBAHUA PA3J/IMYHbIX CUCTEM PA3SPABOTKU
MODELING TOOL FOR VARIOUS DEVELOPMENT SYSTEMS

dunbTpauma BaoNb TPYOOK TOKA
Filtration along the streamtubes

3agaya 0gHOMEPHOTO BLITECHEHUST PELLAETCS HAa OCHOBE YpaBHEHVSI MaTepuanbHOro 6anaHca.
The one-dimensional displacement problem is solved using the material balance equation.
OcCHOBHbIE gonyLeHns Moaenu:

Main assumptions of the model :

e  On4annoTHocTen as:

« for phases density: Poil =CONSt Pyy51er = CONSL

. npeHe6peraeM BESIMYNHON KanmnnndapHoro gaBJieHUA:

« capillary pressure value is disregarded I:)oil = I:)Water =P
* MNopucTocty Q= const
* porosity

Water saturation at time
t at point x:

Swater (X’ t)

System of equations :

0S df 0S
Al X water 4 4. (t . water _
2 ( ) ot qllqmd( )dswater OX

mpyoKu

AP(t) = jiquia t)- 2

) A A5 )

Notations:

. ﬂ'(S t ) = Ko (1_ SWater) + Kwater (Swater)
o Hoil Hwater

f (S water ) = Kwater (SWater) 1

— Total mobility;

Hwater l(S water )

AP(t) — pressure difference at the streamtube ends ;
Qquuid(t) — liquid rate
¢ kK — permeability 28

— fractional flow;



NHCTPYMEHT MOAETMPOBAHUA PA3J/TIMYHBIX CUCTEM PA3SPABOTKU

MODELING TOOL FOR VARIOUS DEVELOPMENT SYSTEMS

ClUMBKA HECTAUMOHAPHOro oaAHOo¢Ga3HOro M «CTauMoHaApHOro» ApyxdasHoro peweHmnmn
Joining unsteady single phase and “steady" two-phase solutions

N3 cTaunoHapHoro aByxdasHoOro pelweHmna NoayYaem XapakTepucTuky 08 WC(ORF)
BbITECHEHMA U 3aBUCMMOCTb AebuTa Kuakoctn ot KUH. S o6 - -
Displacement curve and dependence of fluid flow rate on OIL g —  Quig/Qiigo
RECOVERY FACTOR are obtained from the steady-state two-phase goa -
solution
0.2
0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
ORF

— Qliq(t)
100 -
N3 HecTauMoHapHOro ogHoda3HOro peleHma Noay4yaem 3aBUCMMOCTb > 80 ‘
AebuTa KUAKOCTU OT BPEMEHM. 2 0
Dependence of liquid rate on time is obtained from the unsteady f
solution & 40
20 -
0 T T T 1
0 200 400 600 800
Time, days
Y —= Quilt)
100 - — Qqlt)
[enaem nonpasBKy HECTALMOHAPHOIO AebUTa KUAKOCTU U -
(v 80 4
BOCCTaHaB/AMBaeM HeCTaLMOHAPHbIM febuT HedTn. 3
Making the correction of unsteady fluid flow rate then restore the E 60 -
unsteady oil rate. % 10 \\
‘\
20 A
s~‘~
0 —TT==e=e=- ‘
0 200 400 600 800

29
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OnTummsauma cucTtembl pas3paboTKu
Optimization of well pattern

NMHCTPYMEHT MOAE/IMPOBAHUA PA3/TNYHBIX CUCTEM PASPABOTKH
MODELING TOOL FOR VARIOUS DEVELOPMENT SYSTEMS

[na 3afaHHOM cucTeMbI
pa3paboTkn 1 TMNa
3aKaH4YMBaHWA onpeaenaeTca
0ebUT HePTH U XKNAKOCTK
«cpegHen» CKBaXKMHbI

>

J

Oil and liquid flow rates of an
"average” well are calculated for
a given well pattern and the type

of completion

v

v

PaccunTbiBaeTCA AMHAMMKA
cymmapHon aobbiun HedTH,
UIAKOCTU U 3aKaYKM MO BCEM
CKBaYXMHAM MECTOPOXKAEHUSA C
y4yeToM rpaduka BBOAA CKBAXKUH
BIaKcOAVATALLAIO

Cneayowmin BapnaHT
Next Option

Total dynamics of oil, liquid
production and injection for all
wells are calculated in
compliance with schedule wells
commissioning

v

Mo cymmapHol guHamMuKKe
paccyMTbiBAeTCA SKOHOMMKA
npoekta u KMH

L

KomnaeKcHbiii KpuTepmii onTumunsaumm

L |

The project economic
parameters and Oil Recovery
Factor are calculated based on
total dynamics of production

v

Combined optimization criterion:

v

PesynbTaTt coxpaHseTtca B 6ase
OaHHbIX

A TACHWRACY)

-KpUTEPUIN ONTUMM3ALLUN
-optimization criterion

T

The result is stored in the
database

T R——

-pYHKLMA ONTUMANbHOCTM MO KPUTEPUIO T,
-function of optimality on criterion

¢ -dyHKLMS onTMMM3aLmMmn No Habopy Kputepues
-optimization function on a set of criteria

6---

Hanpumep (Example):

Bbl6Op ONTUMANbLHOrO BapuaHTa

F = W (NPV )y, (KIN)

Choosing the best option

KIN — KIN =
AKIN)=————
(//kln( ) KIN *
NPV —NPV*
l//npv(NPV):—

NPV

30



[TPVUMEP BblBOPA
OMNTUMAJIbHOW CUCTEMBI
PASPABOTKA
EXAMPLE OF OPTIMAL WELL
PATTERN SELECTION



ONTUMAJIbHAA CUCTEMA PA3SPABOTKU. OPTIMAL WELL PATTERN

CmewgeHue 0.5

CmeweHue 0
Shift 0.5

Shift 0

3AKAHYUBAHUE
Well completion

[06. cks: HHC c IPI. [06. cks: Fop ¢ MIPIT.

[06. cks: Fop ¢ MTPI. [06. cks: Fop ¢ MIP.
Har. cks: HHC ¢ TPI Har. ck: HHC c TPl Har. cks: HHC ¢ T'PI (AsTto 'P) Har. ckB: : Top c MIPN
Prod. well: Vertical with frac. Prod. well: Horizontal with mult. frac. Prod. well: Horizontal with mult. frac.  Prod. well: Horizontal with mult. frac.
Inj. well: Vertical with frac. Inj. well: Vertical with frac. Inj. well: Vertical with auto frac. Inj. well: Horizontal with mult. frac.
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ONTUMAJIbHAA CUCTEMA PA3SPABOTKU. OPTIMAL WELL PATTERN

BAPbUPYEMbIE MAPAMETPbI (VARIABLE PARAMETERS)

N\ N\
Y
\ \
N\
\ \ V‘\ “\ V‘\‘
\ \ \ \
\ \ \
9 \ N
\ N N\
\ - \ \ \
\ \ \
\ \ \
\ \

\ \ \ .
ﬂ,nﬂ BCeX CUCTEM U TUNOB 3aKaHYMNBaAHNA BapbnpoBaan naowaib S = 4T 169 I-a/cl.(B

For all types of systems and completion the well spacing varied Ha/weII

,\\ \\ \
A\ \ 5 5\ .
\ =
\ . \\
N\ \ N N\ "
\ \ \ \
N\ \ AN N
Y Y AY N\ \
\ \ \ \ \

[lna BCeX cMCTEM M TUMOB 3aKaHUYMBaHMA Bapbuposanm a/b a/b =1+10
For all types of systems and completion the a/b parameter varied - '
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ONTUMAJNIbHAA CUCTEMA PA3SPABOTKW. OPTIMAL WELL PATTERN

Pl.,..=(Pl,—Pl_)/(Pl_, —Pl) Pl =MAX(PI,),i=1.N KHH,,, = MAX (KHH,),i=1..N
KUH, . = (KHH, — KUH,, ) (KHUH,,, — KIH,,) Pl ,, =MIN(PI,),i=1..N KHH,,, = MIN(KHH,),i=1..N

f = \/Pl norm * KHHnorm I fonm = MAX (x/PI norm’ KHHnorm)

NPUMEP

1.6 r 0.35
Example 14 ;7@_3: — o+ |os
1.2 4 . 025
1 -
T Tk
0.8 -
01 o
06
-5-PI_20 L o1
0.4 1 Pl
& 02 —— ORF - 0.05
| —&—  ORF20
" 0 T T T T T T 0
\ R 0 1 2 3 a/b 4 5 6 7
\\‘-.,—/:‘
Five point well pattern of vertical wells with fractures at A=16 Dependence of Pland ORFona/b
Ha/well.
06 - — N R A r1 07 -
M ¢ v v M - 09
05 L o8 06 -
0a | 07 g 05
. 06 S i
_'g'b.s « 05 g \0'4
o ~#-Plnorm L 04 03 -
0.2 4
—  ORFnorm o3 02 1
01 | F 0.2
L 04 0.1
0 T T T T T T 0 0 T T T T T T |
0 1 2 3 a/b 4 5 6 7 0 1 2 3 a/b 4 5 6 7 34

Dependence of normalized Pl and ORF on a/b Dependence of fon a/b



ONTUMAJIbHAA CUCTEMA PA3SPABOTKU. OPTIMAL WELL PATTERN

Bo Bcex cnyyasax BapuaHT co
cmeweHnem 0.5 okasbiBaeTtcsa
onTUManbHee BAPUAHTOB C
Hy/NeBbiM CMeLleHUuem

In all cases the option with a
shift parameter 0.5 is better
than the one with zero shift

All variants

A area per well, L length of horizontal A/L?
EVAYA well, m

1.2

0.8

06 /\

04

0.2

a/b

—0.36(7dp)
—0.49(7dp)
—0.25(7dp)
—0.44
—0.28
—0.64(7dp)
—0.44(7dp)
—0.16(7dp)
—0.28(7dp)
—1

1.44

4

2.25

12

16 1000 0,16
25 1000 0,25
16 750 0,28
36 1000 0,36
25 750 0,44
49 1000 0,49
16 500 0,64
25 1000 1
36 500 1,44
9 200 (fracture) 2,25
16 200 (fracture) 4
Top 5
1.2
1!
NG SN
—0.36(7¢p)
06 —0.49(7¢p)
—0.25(7¢p)

04 |

0.2 |

a/b

~—0.44
—0.28

12
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ONTUMAJIbHAA CUCTEMA PA3SPABOTKU. OPTIMAL WELL PATTERN

Parameters of system Economic parameters*
A 36 Ha/well Pl_98% 2.072
‘ L hor. well 1000 m ORF_98% 0.3075
a/b 4 ORF20 0.237
a 1200m P120 2.065
b 300m
Num. of frac. 7

*ORF_98% - ORF when the water cut is 98%
ORF20 — ORF at 20 years since the beginning of the calculation. 36



[MPUMEP UCIOJIb3SOBAHNA
METOLA TOYEYHDbIX
MCTOYHHWKOB OJ1A4 PACHETA
OEBNTOB CKBAXWH
USING OF POINT SOURCE
METHOD FOR WELLS
PRODUCTIVITY CALCULATION



NMPEOJTATAEMAA METOOUKA (PROPOSED METHOD)

Step 1: input - physico-chemical and reservoir 450
. n i n ‘ a i ]
properties, development system geometry; output — 4600
unsteady flow fluid rate 350
HauyanbHoe nnacTtoBoe AaBrneHve 270|am Rty d 350
3aboiiHoe AaBreHre Ha aobbisatoL eit 70|amm 0 — -
3a60/iHOE [ABNIEHNE Ha HarHETaTENbHOMN 450(amm 0 \\- —an =
E————

SdxpekMBHaAsA NPOHULIAEMOCTb NiacTa 0.6|mO o 200
Y ———————— ol - 0w @ 100 Lo w0 w0 180 20
Bsaskocts 1.38|cn3 o / =
ObLwas ¢ OCTb 0.00025|1/amm . 100
MopucTtocTs 0.17 s00

i t, oyt =
MonyanuHa (TpeLnHbl/ctBona 'C) B AoObIBatOLL e CKBAXKMHE 75|m
MonyanuHa (TpeluHbl/cTBorna MC) B HarHeTaTerbHOM CKBaXUHE 75(m
Cucmema pa3pabomku: 5 -350 -300 -250 -200 -150 -100 50 0
Bpemsi paboTbl HarHeTaTerbHbIX CKBAKUH B OTPABOTKE 470|cyT 50

Step 2: calculating of displacement curve using Dykstra- ~ Step 3: calculating oil rate using liquid rate and

Parsons coefficient displacement curve
60
%W '
100 | so ||
\
80 | ;_40 ‘
= \
Swmin 0.39 E‘_ \
60 Swmax 0.68 -] 20 N\
kro 1 s N
k 0.3 ks \
40 - w . = 20
muo 1.38 ~ - —— — - . _
muw 0.31 N -
20 | Vdp 0.85 10
KoaddmumeHT oxBata 1
K BbIT 0.47541
0 I ‘ I ! ! ° [e] 20 40 60
0 0.1 0.2 0.3 0.4 05 Bpems, meca




NMPUMEPBI PACHETOB (EXAMPLES)

Priobskoe oilfield (Gazpromneft Khantos)

[ rpaguin o B |
70
Barpagman | €)M | [5]TUC | [5|M3P | - Tespexum | [0 Hosan crpererna | @] Onpotosarun cesmxunar | G TAMC-MA |
™ data O- EME 2 & E 8 0 E] Mywesc
60 ® Cxema Ock abcynce
‘ - model [,ﬂ,eﬁmm vl [Date v]
Cymma
50 r 5 | 100
F 1800 | 90
> \ £ 1600 | 50,
] & 1400 _
< 40 = 1300 J—"' L Zg £
= i A S :
> g 1000 = 1 50E
2 \ £ sw B w3
5 10 g zs F}JJ_H | 'th—-__LJ_H_J"'L $8
= N £ r-. s VODUE RO | 10
o s CI : : : : 0
20 w Aex 2008 nex 2009 nex 2010 Date AeK 2011 Ask 2012 Ask 2013
a3l
\.f. o T i
h g ™Y v @k (no M3P), m3jcyT v QH (no M3P), m3jcyT
10 I3 OBBoaHerHocTs (no M3P), % (Bec) v MpuemucTocte (no M3P), M3/cyT
0
0 10 20 30 40 50 60
month

* Long history of development (up to 5 years) of the pad,
drilled by the directional wells

* According to the actual history can clearly be seen to
stabilize and increase oil production of the average well,
which is very well described by the proposed model

* Inadapting the model made linking the physical
parameters (permeability, effective thickness, porosity,
compressibility) is defined as falling on the unsteady flow
rate mode and wells reaction on the implementation of
water-injection system
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NMPUMEPbBI PACHETOB (EXAMPLEYS)

Kraynee oilfield (Gazpromneft Muravlenko)

70

50 e

J
60 4
|

|

F °
Y »
S~
o 40 \ ‘0%\
| \
= @ ~
O 30 ¢ ~
~
20 -~ -
y
10
0
0 500 1000 1500 2000

days

80 Horizontal wells with multiple fractures

method

statistics

field data

2500

3000

Oil rate, t/day

90

&0

70

60

50

40

30

20

10

Directional wells with fractures

- method

statistics

o field data

t
|opurend gt -
J ~
~
~
S —
T T T 1
0 1000 2000 3000 4000
days

* Ha KpaliHem mecTopoXAeHUn (OTHOCUTE/IbHO BbICOKaA NPOHMLAEMOCTb) peakuuma Ha MNMA 8 suae
cTabunmsaumm n pocta gebuta HedTN HauMHaETCA yKe ¢ 5-6 mecaua paboTbl CKBaXKMH
* Mcnonb3oBaHME CTAaTUCTUYECKOTO TPeHAa Mo HavyabHOW UCTOPUN PaboTbl CKBAXKMH NPUBOAUT K

KaTaCTpOd)VI‘-IeCKOMy 3aHUNXKEHUNIO U3BJ1IEKAEMbIX 3aNacoB

¢ I'Ipe,u,nomeHHaﬂ moaesnib No3BONAET C BbICOKOWM CTEMNEHbIO AOCTOBEPHOCTU OMNCATb (I)aKTVI‘-IECKOE noeegeHune

Aebuta HedTM B cucTeMe pa3paboTKu
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3AKITIOYEHUE. CONCLUSION

> AHanuTuyeckMe W  nonyaHanutTuyeckue
MEeTOAbl HE MOTEPSINN CBOEW aKTyanbHOCTU MNpu
PELLUEHUN NHXEHEPHbIX 3ada4, AaXe HeCMOTpS
Ha OypHbIW  pPOCT  MNPOU3BOAUTENBHOCTU
BbIYMCINUTENBHOW TEXHWUKM WU, B CBSA3M C 3TUM,
YUCINEHHbIX METOAOB.

» AHanutnyeckue metobl TakkKe MoryT bbiTb
MCMNONb30BaHbl B Ka4yecTBe npeaBapuUTernbHbIX

NHCTPYMEHTOB CHUXKEHUS pasMepHOCTU
NpocTpaHcTBa NapaMeTpoB npu  BblOoOpe
ONTUMarnbHbIX  TEXHONMOrMYECKUX  PELLUEHUI
NOCPEACTBOM TPEXMEPHOTO

rmapoanHamMmm4eckoro mogenmnpoBaHms .

> [pu pelLeHnn 3aaad UHTErPUPOBAHHOIO
NPOEKTUPOBaHUSA (NNACT, CKBaXXWHa,
NOBEPXHOCTHOE OOYCTPOICTBO) B HacTosLlee
BpeMs LienecoobpasHo 1Crnonb3oBaTh
nonyaHanuTuyeckme Moaernu, Kotopble
MO3BOMNAIOT CYLLIECTBEHHO CHU3UTb BPEMS
pac4yeTos.

> Analytical and semi-analytical methods
have not lost in their applicability when solving
engineering problems even though calculation
tools gained greatly in their capacity and
productivity leading to advancement of
numerical methods.

> Analytical methods can also be used as
preliminary tools to reduce the scope of
parameters when selecting optimum
technological solutions by means of 3D
hydrodynamic simulation.

> ltis currently reasonable to apply semi-
analytical models when solving the problems of
integrated design (reservoir, well, surface
structure) as they greatly facilitate in reducing
the calculation time.

ABTOpPbI BbIpaKatoT OrPOMHYI0 61arogapHocTs M.M. XacaHosy, P.K. Myxameguwmnny, N.®. XaTmynnHy 3a Ux BeJIMKONENHbIE

NAEN N LUeHHble 0bCyXXaeHus.
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discussions.
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MHCTPYMEHT MOAENTUPOBAHNA PA3JZTMYHBIX CUCTEM
PASPABOTKH

CPABHEHME C ECLIPSE . «OQHO®A3HbIN HECTALMOHAP»

20 A
18 -
16 -

14

em== Model

¢ 124 . escoes Eclipse
& *
10

0 200 400 600 800 1000

(t/day)

Time (days)



MHCTPYMEHT MOAENTUPOBAHNA PA3JZTMYHBIX CUCTEM
PASPABOTKH

CPABHEHWE C ECLIPSE . «ABYX®A3HbI/ HECTALIMOHAP»

== = Liquid (Eclipse)

== = Qil (Eclipse)

= Liquid (Model)

| s Oj| (Model)

Rate (t/day)
vl
]
!
I
;

Time (days)



METO/, TOYEYHbIX MICTOYHMKOB (POINT SOURCE

M ETHOD) OnTumanbHoe Bpemsa OTPabOTKM HarHeTaTe/ibHbIX CKBa*XUH
Optimum injection wells operation period as producers

MakcumanoeHoli 006biyeli Hegpmu xapakmepu3syemca eapuaHm
¢ 0numenbHOCMbIO pabombl Ha2HeMamesnbHOU CK8AXUHbI 8
pexcume 0obbiyu 12 mecayee

Cekmop npoeedeHus pac4emos:

2665
2660 L—.
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METO/L TOYEYHbIX UICTOYHMUKOB (POINT SOURCE
METHOD)

OntmanbHoe BpemMs OoTPabOoTKM HarHeTaTe/lbHbIX CKBaXKWH

C 2014 ropa npy NJ1aHMPOBAHMK NepPeBOAOB

PapHana cxema pasmeleHus

1000

PacyeTt BegeTcAa No o4HOMY 3/IeMEHTY

cuctembl, ABe A06biBalOLLNE CKBAXKUHDI U
CKBaXkuH B cuctemy MMA 8 HTL, npumeHseTca 1 e'eme"}\ Ee'eme“t
AN AN ABe HarHeTaTeNbHble.
OUEHKA He TO/IbKO ONTUMYMa B OTHOLLEHMM + ’ £ X4 N +
/ AN CpokK pacueTa — 600 cyTOK,
9HEepreTMKM NNacTa, HO M OLLeHKa
P ’ 4 P + RARN + N LWar Bbi6opa BpemeHu oTpaboTku — 30
MaKCMMaNbHOIO 3KOHOMUYECKOro adpdeKTa oT el Ll s oy
S EEE TR 2w T, () CYTOK.

nepesosoB. S + S + ’

AN y(‘\ s Pe3ynbrat pacyerta — rpadpuKu UsmeHeHUs

- B ocHOBe TaKoro Noaxo4a NexuT, s AN 2 o
N A4 N/ HaKon/eHHo A06blun HedpTH B
pa3paboTaHHbIi cneymanmctammn HTL,
- 3aBMCMMOCTM OT CPOKa OTPaboTKMU

pacyeTHbI MoAy/Nb, MO3BONAOLWMNA HA OCHOBE
MaTeEMaTUYECKON MOAENM pacyeTa
HEeyCTaHOBMBLLErocs NPUTOKa U
9KOHOMMYECKUX NapameTpax onpeaensitb
ONTUMYM NO BPEMEHU OTPABOTKMN Karkaom
HarHeTaTe/IbHOM CKBAXKMHbI Ha /Il06OM
MECTOPOXKAEHUN.

OcHoBa ans pacyeta: ®EC nnacra, PVT
cBoMcTBa GpoMAa0B, NapamMeTpbl CUCTEMbI
pa3paboTku 1 cTaBKa AUCKOHTUPOBAHUA.

KpuTepnem onTMManbHOro BpemeHun oTpaboTKK
ABNAETCA MAaKCMMYM AUCKOHTUPOBAHHOMO AebuTta:

HarHeTaTe/ibHbIX CKBAXXUH
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rpacbm( M3MeHeHUA HaKonaeHHOWM p,06bl‘-IVI He(bTM, C ANCKOHTUPOBAaHUEM n 6e3 ANCKOHTUPOBAHUA

switching time, month

@ Production, ton O Discount production, ton

OnTMMmanbHble CPOKU OTPAabOTKM HarHeTaTeNIbHbIX CKBAXKUH HAa HePTb:
Mo MaKcMManbHON HaKoMNAEHHOM A06bluM 6e3 yyeTa CTaBKM AUCKOHTa — 6 mecaues (180 cyTok)
Mo MaKCMManbHOM HAaKOMIEHHOM [,00bIYKN C YY4ETOM CTaBKM AUCKOHTA — 7 mecAues (210 cyTok)
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MHCTPYMEHT MOAENTUPOBAHNA PA3JZTMYHBIX CUCTEM

PASPABOTKH
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MHCTPYMEHT MOAE/NTNUPOBAHUA PA3/ZTMYHBIX CUCTEM
PASPABOTKW

3aBUCUMOCTU KOaddurumMeHTa oxsaTa OT AJIMHbI TPYOOK TOKa

MPOBJIEMMA:
Mpu pacyete Ha ogHopogHOM Mo antonornn nnacre KUH byaet npumepHo paBeH KO3dOULMEHTY BbITECHEHMA. A 3TOrO HUKOrAa He

HabntogaeTca Ha NPaKTUKe AaKe B Npeaenax pa3bypeHHbIX y4acTKOB.
3AJAYA:
YyecTb KOahPULIMEHT OXBaTa CETKON CKBAXKUH

Cxema pacyeTa 3aBUCMMOCTM KO3PDULMEHTA OXBaTa OT

2
O/VHbI TPYBOK TOKa Keow_s = I f(r)-Pr(L,r)-7r"-H(r)dr
0
Bbioenerue Pr(L.r) = 0;2r/L<1
FMAPOANHAMUYECKN He ’ 1L2r/L>1
cBA3aHHbIX obnacreii -
12 4 1.2 -
NVH3 i
1 1]
038 2' 08
3
Onpegenenune GyHKUUM 0.6 - 06 -
pacnpegeneHus oa os ]
pPa3MepoB /IMH3
0.2 - 0.2 -
0 T T T T | 0 T T |
0 200 400 600 800 1000 0 500 1000 1500

r,m L,m
3aBMCUMOCTb KO3 OMUUEHTA OXBATA OT AAUHBI TPYOOK TOKA UCMNOAb3yeTCH

npu pacyéte AByxdasHou cuabTpauun. KoaddounumeHT oxBaTta SBAAETCS
MHOXUTEAEM HA TOALLLMHY KQOXXAOM TPYOKU TOKA B 3ABUCUMOCTU OT AAUHHBI.

OnpegeneHne
3aBMCMMOCTH
KoadPpuLUMeHTa oxBaTa OT
ANVHbI TPYOOK TOKa

48



NWHCTPYMEHT MOAEJIMPOBAHUA PA3J/IMYHbIX CUCTEM PA3SPABOTKU
MODELING TOOL FOR VARIOUS DEVELOPMENT SYSTEMS

JKOHOMMYECKME pacyeThbl Nnpwu BbI6ODe ONTUMaNbHOU CUCTEMbI

S~
N\

Time, days

6000
—()_lig
Q_oil

e (O_IN]

:

Flow rate, t/day

2000 +

0 T
0 1000

Onpe,u,enﬂeTc;l FlpO(bI/U'Ib Ao6bIuM N 3aKa4vkM No BCEMY MECTOPOXOEHNIO C YH4ETOM BBOAA U
BbIObITUSA CKBaXXWH

1. Ha j- mecsu onpenenseTcs 4oxoa oT npoaaXun HedTu:
D! =C(j)*G{,, C(j)—ueHa 1 1. Hedptu, GJ,W - HakonneHHas HedpTb Ha |- MecsL
2. CuyuTaroTca KanutarnbHble 1 onepauMoHHbIe 3aTpaThl:

OP!, CAP!
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NWHCTPYMEHT MOAEJ/IMPOBAHUA PA3J/IMYHbIX CUCTEM PA3SPABOTKU
MODELING TOOL FOR VARIOUS DEVELOPMENT SYSTEMS

JKOHOMMYECKME pacyeThbl Nnpwu BbI60pe ONTUMaabHOW CUCTEMDbI

3. Hanoru (HOMNMW, Hanor Ha umyLecTBo, Hanor Ha NpuobbISb):
NAL nopt = yypp () * G4, 7noet ) - nepemenHas ctaska HOMU

NALJ _ ycap(CAPj_j*am)lj<Tam
o, j=2T..

7/cap - CTaBKa HaJiora Ha NMMyLlecTBoO, Tam — CPOK aMOpTU3aumnu

NAL'

prib =

yprib(Dj ~OP’ - NALj”dPi_ NAI—jcap _amj), D! -OP/ - NALjndpi— NAchap —am’ >0
0,D! —OP’ = NALgpi— NALap —am? <0,

rne amopTusaums am’ =>" CAP/T,.

4. YCTbIN OEHEXHbIN MNOTOK

CF! =D’ —OP! — NAL'\pp — NAL hdpi — NAL! cap — CAP!

5. NPV
| ., CF!
NPV!I=NPV ™4 = [ - rofoBas CTaBKa AUCKOHTUPOBaHUS

j;l
12
(1+r) -



