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mopthoMmeTPUYecKMe XapaKTepucTIKMN
W CTOXacTUyecKoe MojienupoBanue

CaspimiSea:
TS & Stoaipstie Modeling

L

MHorve mogenv Nnactos 683I/Ipy}OTCFI Ha HacCbILWEeH
MNacToBbIX 30H OObEKTaMM, Pa3Mepbl KOTOPbIX B3ATbI U3
CTaTUCTUHECKIX B6a3 AaHHbIX /15 aHANOMMYHbIX MeCHaHbIX
TEN. XoTs aThX MPM3HaKOB MOXXET ObITb AOCTATOYHO OIS
XapPaKTepPUCTNKN OOHOPYKaBHbIX PYCJ1, OH/ HE OMNnCbIBatOT
B JOCTaTO4HOM Mepe Pa3BETBJIEHHbIE CETN, KaK HarnpuMmep
OenbToBble pyKaBa.

B HacTosiLLeM nccnenoBaHni paccMaTprBaeTCs
onpeneneHne MopPOMETPUHECKNX NapamMeTPOoB
0eNbTOBbIX PYKABOB C MCMOMb30BaHNeM AaHHbIX
CMYTHMKOBOW CHEMKW COBPEMEHHON AeNbThl pekn Bonra B
Poccun.

Henbta Bonr npeactaBnaeT cobon Hanbonee spKuim
npUMep YCTbsA C NPeobnagaHneEM PeYHbIX HAHOCOB,
KOTOPOE XapakKTepusyeTCsa OTHETIMBO BbIPaKEHHBIM
pyKaBHbIM BeTBNEHMEM. B nenste naneo-Bonry, B
MPOAYKTUBHOWN TOMLLE NAIMOLIEHOBbLIX HEDTEHOCHbIX
MNacToB, Ha Wwenbde Kacnnmckoro Mopsi CNOXNIOCh
HECKOMBbKO HE(PTEHOCHBIX FOPU30OHTOB.

CobpaHa konmyecTBeHHast 6asa gaHHbIX N3MEPEHNI
KIMKOYEBBIX FEOMETPUYECKMX MAPaMETPOB ANMHbI, LUMPWHbI
1 U3BUNUCTOCTN CETU Pa3BETBIEHNIN PYKABOB MO
CMYTHNKOBbIM 1306paxxeHNaM aenbTbl Bonrn. Pazbutsim
Ha y4acCTKM pykaBam Oblfa MPUCBOEHA NepapXxmyeckas
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Olubiy lishola

Many reservoir models rely on populating reservoir zones
with objects whose dimensions are taken from statistical
databases of analogue sandbodies. While this attributes
may be sufficient to characterise single channels, they
do not adequately describe branching networks such as
deltaic distributary channels.

This study examines morphometrics of deltaic distributary
channels using satellite image data from the modern Volga
Delta, Russia.

The Volga delta is an extreme example of a fluvial-
dominated delta that is characterised by extraordinary
pronounced distributary branching. Several reservoir
intervals are deposited by the palaeo-Volga Delta in the
Pliocene Productive Series reservoirs of the offshore
Caspian Sea.

A quantitative database of key geometrical measurements
the length, width and sinuosity was collected from the
branching network of channels on the satellite image of
the Volga delta. The channel segments were assigned
hierarchies using an ordering classification system.

Various statistical analyses were carried out to obtain

the mean, standard deviation, Inter-quartile range and
coefficient of skewness of the length, width and sinuosity

www.rogtecmagazine.com



EXPLORATION M

CTPYKTYpa C UCTOMNb30BaHMEM CUCTEMbI KnaccuuKaLmm
MO NMOPSOKAM.

Bbinv npoBefeHb! pasnnyHbie CTaTUCTUHECKNE
nccnefoBaHysa Ang NoyYeHNss CpeaHero KBaapaTtnieckoro
OTKJIOHEHWSA, UHTEPKBAPTUBHOM LUMPOThI
KoahhrLUMEHTa aCCUMETPUM B pacnpeaeneHy no anvHe,
LUIMPUHE U U3BUIMCTOCTU PYKaBOB AenbThl Bonrn. Takxke
6blIM NOCTPOEHbI rPadUKM 3aBUCUMOCTU MO ANNHE,
LUIMPUHE, U3BUICTOCTU U NEPAPXNHECKOMY NOAYNHEHMIO

1 BbIBEOEHBI VX KOS MDULMEHTLI OETEPMUHNPOBAHHOCTY
R2, 4TobbI ONPefenTbL B3aMOCBSA3b MEXY STUMM
NnepemMeHHbIMN.

[aHHble CTaTUCTMHECKME NCCNEN0BaHNST OBHAPYXKNIN
OTCYTCTBME 3aBUCUMOCTU MEXAY YNOMSHYTbIMU
nepemMeHHbIMN: ANMHON, N3BUNIMCTOCTHIO, LUMPUHOM 1
NEePaPXMHECKON CTPYKTYPON.

OTO 03HAYaET, HYTO AaHHbIE NMEPEMEHHBIE MOXKHO
paccMaTpuBaTh Kak HE3aBVCUMbIE N UCTONb30BaTh
NX KaK OTAENbHbIE NTOrNYecKne 06 beKTbl B OOBEKTHO-
OPVEHTUPOBAHHOM MIaCTOBOM MOAENMPOBaHM
NPOOYKTUBHOW TOMLLM NANOLIEHOBBIX HEDTEHOCHbIX
NiacToB Ha Lenbde Kacnmninckoro Mopsi.

PesynbTaTtbl MO3BOASOT oNpeaensTb OPMbI U pa3Mepbl
PYKaBHbIX OOBEKTOB ANt MOAENEN NPOAYKTUBHON
TONLM MAMOLIEHOBbIX MNacTOB Ha Lenbde Kacnnmnckoro
MOPSI, Kak Hanpumep, CBUTbI «MePEPbIB» Ha MraHTCKOM
mMecTopoxaeHun AYIT komnaHnm BP.

Beepnenue

HacTosLee nccnenoBaHne — «MophoMeTpUHECKe
napameTpbl AebTOBbIX PYKaBOB AJ151 OO bEKTHO-
OPWEHTUPOBAHHOMO MOAENNPOBaHNS NNACTOB»

— NpoBOAUNOCh B «/IMnepuan Konnemxe» B Ka4ecTse
TPEXMECSHHOW NMPOrpaMMbl, 3aKMIOYNTESNBHOMO
CaMOCTOSATENBHOIO NMPOeKTa Ha CTeneHb MarncTpa B
obnacTtn HepTerasoBow reosornn.

Llenbto NpoekTa siBUMOCh Co3aaHNe KONMHECTBEHHOM
6a3bl JaHHbIX U3MEPEHIA OCHOBHBIX FTEOMETPUHECKIX
napamMeTPOB CETV AEeMbTOBbIX PYKABOB Ha MPaKTUHECKOM
npuMepe aenbTbl pekn Bonra B Poccun.

[MpoekToM 0ByCNaBMMBa/IMCL CAEAYOLLME TPEOOBaHIS:

» N3MEPUTb NapameTPbl OCHOBHbBIX FEOMETPUHECKIX/
MOPOMETPUHECKIX AaHHBIX 019 COOBLLAIOLLENCS CETU
[eNbTOBbIX PYKABOB;

» CPaBHUTb YKasaHHbI HABOP AaHHbIX CO CTaHAAPTHLIMM
CTaTUCTNHECKMMM Ba3amMm JaHHbIX, HTOObI 0BYCNOBUTL
dhopmmnpoBaHne 0OBEKTHO-OPUEHTUPOBAHHBIX MOAENEN
0eNbTOBbIX HEPTEHOCHBIX MIaCcTOB; U

» onpedenTb POPMbI 1 pa3Mepbl PyKaBHbIX OOBEKTOB
NSt MOAENen NMnacToB aHaIorMYHbIX COBPEMEHHOW
nenete Bonry (MpOAyKTUBHOW TONLLM HETEHOCHbBIX
nnacToB, Kacnmnckoe Mope).
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of the Volga Delta channels. Also, various cross plots of
length, width, sinuosity and hierarchy were made and their
R2 values obtained to reveal the associations between
these variables.

The statistical analyses reveal that there are no relationships
between these variables; length, sinuosity, width and
hierarchy.

This implies that these variables can be treated as
independent and can be placed as separate entities in
object-based reservoir modelling of the Pliocene Productive
series reservoirs of the offshore Caspian Sea.

The results enables us to define shapes and dimensions
of channel objects for models of the Pliocene Productive
Series reservoirs of the offshore Caspian Sea, such as the
Pereriv Suite in BP’s giant ACG field.

Introduction

This study, ‘morphometrics of deltaic distributary channels
for object based reservoir modelling’ was undertaken

as a three month project in Imperial College as the final
individual project for the Imperial College Msc in Petroleum
Geoscience.

The aim of the project is to collect a quantitative database
of key geometrical measurements of a network of deltaic
distributary channels with its case study from the Volga
Delta, Russia.

The requirements of the project are as follows:

» To measure key geometrical/morphometric data for a
connected distributary channel network;

» To compare this dataset to standard statistical databases
used to condition object-based models of deltaic
reservoirs; and

» To define shapes and dimensions of channel objects for
models of reservoir analogous to the modern Volga Delta
(Productive Series reservoirs, Caspian Sea)

Many reservoir models rely on populating reservoir zones
with objects whose dimensions are taken from statistical
databases of analogue sandbodies. This approach
requires: (1) robust matching of the subsurface reservoir
interval to an analogue (e.g. ancient systems at outcrops,
modern system), and (2) measurements of the key
geometrical attributes of analogue sandbodies. Typically,
the geometrical attributes of channels in such databases
are width/depth ratio and sinuosity. While these attributes
may be sufficient to characterise single channels, they

do not adequately describe branching channel networks
such as deltaic distributary channels. This project will
characterise the morphometrics of such network in the
Volga delta, an extreme example of a fluvial-dominated
delta that is characterised by extraordinary pronounced
distributary branching. The results have several applications
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B PA3BEOKA

MHorve mogenu NNactoB BasVPYOTCH Ha HACLILLEH
MiacTOBbIX 30H OOBbEKTaMU, PA3MEPLI KOTOPbIX B3AThI

N3 CTaTUCTUHECKIMX 633 OaHHbIX ANS aHAOMMHHbBIX
rnecyaHbix Ten. Takom nogxon TpebyeT: (1) HaoeXXHoro
COOTBETCTBUS HE(PTEHOCHOIO FOPU30HTA MOL,
MOBEPXHOCTHIO BbIOPaHHOMY aHasory (Hanpumep, OpeBHNE
CUCTEMbI B FE0NIOMMHECKMX OBHAXKEHVISAX, COBPEMEHHAs
CUCTEMA) U (2) UBMEPEHUIN OCHOBHbBIX TEOMETPUHECKIX
XapaKTEPUCTUK aHaNOMM4YHbIX necHaHblX Ten. OBbIHHO
reOMETPUHECKME XapaKTEPUCTUKM PYKABOB B MOA0OHbIX
6a3ax AaHHbIX BKIIHOHAOT COOTHOLLIEHWE LUNPUHE/

rnybuHa 1 N3BUMCTOCTb. XOTS 3TUX MPUSHAKOB MOXXET
ObITb AOCTATOHHO A1 XapPaKTEPUCTUKN OAHOPYKaBHbLIX
PYCI, OHW He OMCbIBAKOT B AOCTATOYHOM CTEMEHN
Pa3BETB/EHHBIE CETY, KakK HanpuMep OefbToBble

pykaa. [JaHHbI NPOEKT OacT MOP(OMETPUHECKME
rnapamMmeTpbl TakoM CeTV B AenbTe Bonrn, aBnsatoLLencs
Hanbonee ApKNUM NPUMEPOM YCTbst C MpeobnagaHnem
PEYHbIX HAHOCOB, KOTOPOE XapaKTePU3yeTCs OTHET/INBO
BbIP&XXEHHBIM PYKaBHbIM BETBNEHNEM. Pe3ynsTaTtsl UMEOT
NPUKNaaHOE 3HaYEHVE AN HECKONBKMX HEPTEHOCHbIX
rOPU30HTOB, 06Pa30BaBLUMXCA B AenbTe naneo-Bonrm

B MPOOYKTVMBHOM TOSILLE NANOLEHOBBIX M1aCTOB Ha
Lwenbde Kacnnnckoro Mopst, Fae pasMepbl PyKaBos,
reOMETPVA U XapaKTep COOBLLEHNS ABNAOTCA OCHOBHbLIMU
HEN3BECTHbIMM, KOTOPbIE MOMYT OKa3bIiBaTb 3HAYUTENBHOE
BSIMSAHNE HA XapaKTep MiacToB.

MopthomeTpuyecKue MeTofbl

MOopOMETPUIO MOXKHO OMPEene/nTb Kak N3MepeH/e
dhopMbl, MPY KOTOPOM M3MePEHMA 0bpabaTbiBatOTCA
CTaTUCTUHECKUMW NI MaTEMATUYECKMMM METOAAMN

0719 ONpeaeneHnst BHyTPEHHE MPUCYLLIMX CBONCTB.
MopomeTprHeckme METOAB! UMEKOT 3aaad4en pa3padboTKy
CNocob0oB MM Habopa MHCTPYMEHTOB A7 U3MEPEHUSA KaK
0BLLMX, TaK W HYaCTHbIX FreOMOPONOMMYECKMX CBONCTB.

B rugponornm Hasano MopgoMETPUHECKM
1CCnenoBaHvaM BriepBble Oblo nonoxxeHo P. E. XopToHoM
n A. E. Ctpanepom B 40-x 1 50-x rogax 20-ro Beka.
OCHOBHOW LieNbLO X paboTbl CTaBUIOCh OMPeaenTb
LIENOCTHYHO CMCTEMY CBOWCTB PEK Ha OCHOBE U3MEPEHWI
Pa3NHHbIX PEYHBIX MPU3HAKOB.

MpU3HaKOM, KOTOPbIV MEePBbIM MOYHUT KONMHECTBEHHYIO
OLIEHKY, CTana nepapxuisi PeqHbIX y4acTKOB B
COOTBETCTBUM C CUCTEMO KnaccuduKkaLmm no rnopsiokam,
Kak MpoVNNCTPUPOBaHO Ha pyc. 2.1.

Mo aTO CUCTeMe, yHacTKM pycra Bbinn PacnoNoMeHsl
Mo MopsiaKy HOMEPOB OT BEPXOBLER PEKM (HaNpUMep,

B BEPLUMHHOW YaCT CUCTEMbI PEYHOrO BOAOTOKA)

K TOuYKe rae-HMOyOb HKe Mo TedeHnto. Hvcnosast
MocneaoBaTeibHOCTb HAYMHAETCS OT MPUTOKOB B
BEPXOBbSIX PEKMN, KOTOPbIM MPUCBaNBAETCS 3HAYEHNE «1»,
Y4acTKy TeueHsl, 06pa3oBaBLIEMYCSI MPWY CIMSIHAW ABYX
CEerMeHTOB MepBOro NMopsiaKa, AaBancst MopsaoK «2». [ga
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to several intervals deposited by the palaeo-Volga Delta in
the Pliocene Productive Series reservoirs of the offshore
Caspian Sea, where the channel dimensions, geometry and
connectivity are key unknowns that may have large impact
on reservoir behaviour.

Morphometric Techniques

Morphometry can be defined as the measurement of the
shape, whereby measurements are then manipulated
statistically or mathematically to discover inherent
properties. Morphometric techniques aim at developing
methods or a set of tools that measures both general and
specific geomorphometric features.

In the field of hydrology, morphometric studies were first
initiated by R.E. Horton and A.E. Strahler in the 1940s and
1950s. The main purpose of their work was to discover
holistic stream properties from measurement of various
stream attributes.

The attributes to be first quantified was the hierarchy of
stream segments according to an ordering classification
system as illustrated in Figure 2.1.

Puc. 2.1. lNpumep cuctembl onpeaeneHnst MopsiaKoB PeKk
(MupsypHbIA, 2005 r.)

Figure 2.1: An example of stream ordering system
(Pidwirmy, 2005)

In this system, channel segments were ordered numerically
from the stream’s headwaters (i.e. the upper portion of
stream’s drainage system) to a point somewhere down
stream. Numerical ordering begins with the tributaries at

the stream’s headwaters being assigned the value of 1.

A stream segment resulted from the joining of two 1st

order segments was given an order of 2. Two 2nd streams
formed a 3rd order stream and this went on. The analysis of
the data generated revealed some interesting relationships
(Pidwirny, 2005).
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Wedge Series 500™

OCHOBHbIE XapaKTepUCTUKM U NpenmMyLLecTBa

— VICKNOYnTENBHO BbICOKAS MPOYHOCTL Ha
CKpy4MBaHue, cxatue n n3rnb

— HafileXkHOCTb B CaMblX CIOXHbIX YCIOBUAX
3KCryaTaumm

- VipeanbHbiii BbiGop Npu GypeHun ckBaxkuH
C MasibiM 3a30POM MeXJyY KOJIOHHOW 1
cTeHKamm CTBOMa

— KoHcTpykuus, obecneymnBatoLlas HafexHoCTb
1 NPOCTOTY B MCMOMb30BaHNN

YHuKanbHoe pe3bboBoe BcTynatoluee B gencTne

coefjiHeHVe meeT nop, AasneHnem

NCKIIIOYNTENBHO BbICOKYIO MeTanuyeckoe ynaoTHeHve

NPOYHOCTb Ha CKPy4MBaHue, obecneynsaet 100%- yto

oKaTtve u nrnd OLIeHKY BHYTPEHHEro
faBneHuns

Py

Haliwn pe3bbbl — BalLv NpenMyLLIECTBa.

PaccumTaHHble A5 MPUMEHEHMWs B YCJIOBUAX BbICOKMX KPYTSALLMX MOMEHTOB pe3bboBble COeAUHEHUs
Wedge Series 500™ 0TnM4atoTCA BbICOKOM MPOYHOCTbIO Ha CKaTue U U3rnd v B HECKOSbKO pa3 NPeBOCXOAAT
O0XWAaHUA N0 NMPOYHOCTU Ha ckpyymBaHue. CoelMHEHMA NpeaHa3HaYvyeHbl 4Na TpyOHbIX N3aennii,
MCMOb3YEMbIX B CAMbIX CJIOXKHbIX YCTOBUSAX IKCMyaTaLmWm, B 4aCTHOCTU NP BypeHn CKBaxKMH € 60MbLLIM
OTKJ/IOHEHWEM OT BepTUKanW, a Takxe Ajs 00CafHbiX KOMOHH, YCTaHaBIMBAEMbIX C pacxaXXMBaHWem u
npoBopaynsaHuem. Pe3bbbl Wedge Series 500™ obecrneqmBaloT BbICOKYIO MPOYHOCTb COEAUHEHUIA
TOHKOCTEHHbIX TPYO OONbLIOro AMameTpa, a Takxe, bnarofgaps CBOei BbICOKOW MPOYHOCTU Ha CxXaTtue,
CKpyYMBaHue 1 U3rnb, ABNATCA nAeaNbHbIM BbIOOPOM Npu BypeHnn CKBaXkKMH C MasbiMK 3a30pamMu.
Coepnrennn Wedge Series 500™ BO3MOXHbI Kak B 6e3MydTOBbIX 1 My(TOBbIX COEAVHEHNAX TakK U B
COEAMHEHMSIX C BbICAXKEHHBIMW KOHLLE@MU, C YNIIOTHEHWEM «MeTanf-MeTann» niv 6e3 Hero.
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B PA3BEOKA

pyKaBa BTOPOro nopsaka 0bpas3osbiBaiv Pe4HON BOOOTOK
TPETbErO NopsaKa 1 Tak fganee. AHanm3 NoyYeHHbIX
OaHHbIX MO3BOSINN OOHAPY>KUTb HEKOTOPbLIE UHTEPECHBIE
B3anmMosaBncuMocTu (MinasupHeia, 2005 r.).

P. E. XopToH npuMeHnn MopgoMETPUHECKNIA

aHanM3 4151 OLIEHKM psifla PeYHbIX MPU3HAKOB, 1 ero
PabOoTbl MO3BONMIN BblABNHYTb HECKOSBKO 3aKOHOB,
OTHOCSILLMXCA K 0BpasoBaHMiO BOAOTOKA. 3aKOH XOpToHa
0 BEMHMHE BOAOTOKOB MPEArnoNioxXu CyLecTBOBaHNE
reoMETPUHECKOWN 3aBUCUMOCTU MEXY YMCIIOM PEYHbIX
YHaCTKOB, PACMOSIOXKEHHbIX B MOCNEA0BaTEIbHOM MOpsSiaKe
MO XapakTepy BOOOTOKA. 3aKOH MOPSAOKOB MoLLaaen
BOOOCOOPHbIX 6BaCCENHOB yKa3blBan, YTO CpeaHas
nnowanb 6accenHa B CUCTEME C MOCNea0BaTENbHbIM
NOPSAAKOM MPU MOCTPOEHUN rpadnka 06PasyeT MNHENHYHO
3aBMCMMOCTb. OTU pe3yNbTaTbl U UCCNeaoBaHUs Opyriix
©CTeCTBEHHbIX Pa3BETBIEHHbIX CETEN NMO3BOIM
0OHaPY>XMTb CYLLECTBOBaHMNE NOBTOPSIOLLMXCS CXEM
MOXOXNX Ha MOAENb NOPSOKOB pek. B MopdomeTpun,
reoMopdOorM4ecKoe 3Ha4eHe XOPTOHOBCKOM
3aBMICMMOCTU MOPSAKOB PEK OrPaHNHeHo.

Cnocob HymepaLm BOOOTOKOB, MCMOb30BaHHbIN
XOPTOHOM, B LIEIOM aHaNIormyeH METOY, KOTOPbIN
NPUMEHANCS NPU NPOBEAEHNN HACTOSALLIErO UCCNE0BaHUSA
ONst HyMepaLmmn 1 MPUCBOEHNST NEPapXN yHaCcTKam
pPykaBoB B AenbTe Bonrn. B aToM nccnegosaHnm

YyHaCTKM pyKaBOB OblW, MPEXXae BCEro, NPOHyMepOBaHbl
B MPOW3BOJIbHOM MOCNEN0BATENIBHOCTU C NEPBOro
cerMeHTa 4o NOCNeAHEro, Kak OHW BUOHbI HA KapTe
nensTbl. [1opsaaok pacnoNoXeHnst y4acTKOB BOOOTOKA

B COOTBETCTBUM C UX MEPAPXNEN MOSYHMN HOMED «1» OT
pekn Bonra B BEpxXHEN TOYKe OeNbThl.

B cutyaumn, korga ogHoOMy pykasy MprcBavBaeTCs
3HaYeHve «1» B MepBOM MOPSALAKE NEPaPXn, KOr4a OH
pPacxoauTCs Ha ABa U TP PyKasa, OHM MOJTyHatoT
3HaYeHme «2» BO BTOPOM NEPAPXNHECKOM MOPSALKE.

Moy CNnsHUM OBYX CErMEHTOB, 0B6Pa30BABLLUMACH PyKaB
NOJy4aeT MEPAPXUHECKUI HOMEP MPEALLIECTBYIOLLENO
pa3nenMBLLEroCa OOHOPYKABHOIO pycna. Takmm 06pasoMm,
NePaPXNHECKNA MOPSAAOK MPOAOHKAETCA A0 TEX MOP, NoKa
NOCNeaHNIA PYCNOBbIN CErMEHT He BradeT B Kacnmmckuin
faccerH.

06beKTHO-0PVIeHTMPOBAHHOE MOAGNINPOBaHIE NNacToB
nacToBble MOAENM ABNAOTCA HEOOXOAMMBIM
WNHCTPYMEHTOM, UCMOSb3YeMbIM 4719 pa3BeiKum
MECTOPOXOEHWIN YrNeBOOOPOAHOrO Chipbsl. Kak ykasbiBasn
B 1993 r. bparnaHT 1 ®arHT, obLLas MeTOA0NOMVS MpK
CO3[aH11 MOLENN re0SIOrMYEeCKOro niacTa 3akmto4aeTcs B
ClienytoLem:

» onpegeneHe MpoCTPaHCTBa, 3aHMMaeMOoro
HEeTEHOCHbIM FOPU30HTOM,;

» YKazaHWe reosIorM4ecKnX/reHeTUHECKIX Mopos, B 3TOM
MPOCTPaHCTBe;

» CO30aHNE PeanUCTUYHBIX (DOPM U FEOMETPUHECKIX
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R.E Horton applied morphometrics analysis to a variety of
stream attributes and from his studies a number of laws

of drainage composition were proposed. Horton’s law of
stream strengths suggested that a geometric relationship
existed between numbers of stream segments in
successive stream orders. The law of basin areas indicated
that the mean basin area of successive ordered systems
formed a linear relationship when plotted on a graph.
These results and studies of other natural branching
networks have revealed patterns similar to the stream order
model. In morphometry the geomorphological significance
of the Hortonian stream-order relationship is limited.

The stream numbering technique used by Horton is quite
similar to the technique applied during this study to number
and assign hierarchy to channel segments of the Volga
delta. In this study, the channel segments were first of all
numbered randomly from the first segment to the last seen
on a map view of the delta. The ordering of the stream
segments according to their hierarchy was then assigned
the number ‘1, from the Volga River, at the apex of the
delta.

In a situation whereby a single channel is assigned the
value of 1 in the first order in the hierarchy, when it splits
or bifurcates into two or three channel segments, they are
assigned the value 2’ in the second order of the hierarchy.
If two of the channel segments converge, the channel
segment that results from this is assigned the hierarchy
number of the previous single channel that bifurcated. In
this way, the ordering according to hierarchy goes on until
the last channel segment has drained into the Caspian
basin.

Object-hased reservoir modelling

Reservoir models are essential tools used during the
exploration of hydrocarbon reserves. According to Bryant
and Flint, 1993, the general methodology for building a
geological reservoir model is to;

» Define the space occupied by reservoir interval

» |dentify the geological/genetic units within this space

» Assign realistic shapes and geometries to these
geological/genetic units

» Arrange these units within the defined space
(i.e. determine the reservoir’s internal geometry or
‘architecture’); use either deterministic or stochastic
(object-based) methods

» Assign reservoir properties to the genetic units (use
deterministic, stochastic and/or other geostatistical
methods)

The concept of object-based modelling techniques (also
termed ‘marked point processes) follows naturally from

the concept of genetic reservoir units. An object-based is
defined as a 3-D geometric shape which can represent a
genetic reservoir unit, or shale, or any other reservoir or non
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EXPLORATION M

XapaKTEPUCTVIK 3TUX Fe0NOrMHECKUX/TeHETUHECKIX
nopog;

» PACMONOXEHME 3TUX NOPOL B yKa3aHHOM MPOCTPaHCTBE
(HanpuMep, onpeneneHne BHyTPEeHHel reoMeTpun
nnacTa Unm ero «apxXuTeKTypbl»); UCNoSib30BaH1e
METOLOB MO0 AETEPMUHNPOBAHHOIO, MO0
CTOXaCTNHECKOro (06EKTHO-OPUEHTUPOBAHHOMO)
aHanmaa;

» yKasaHue Mpu3HaKoB MiacTa B COOTBETCTBUN C
FEeHETUHECKUMU SIeMeHTaMM (MICMOSb3yst METOAbI
NETEPMVHNPOBAHHOMO, CTOXaCTUHECKOro 1 (M)
[PYroro reocTaTUCTUHECKOro aHanmnaa).

oes MeTooB 06 BEKTHO-OPUEHTUPOBAHHOTO
MOZEMPOBaHNS (TakKe HasblBaeMbIx «0bpaboTka

MO MapKNPOBaHHOW TOYKE») ECTECTBEHHBIM 0OPA30M
BbITEKAET N3 KOHLIEMUMN FTEHETUHECKMX MOPOA-
KONNMEKTOPOB. «O6bEKTHO-OPUEHTNPOBAHHbI»
ONpedenseTcst Kak TpexMepHas reoMeTpuyeckasi popma,
KOTOpas MOXET NPEeACTaBNATb MTEHETUHECKYIO MOPOAY-
KOMNEKTOP, MMHUCTBIN CRaHew, v atoborn apyron nnact
WX HEMNMaCTOBbIM HEPTEHOCHbIN FOPU3OHT, KOTOPbLIN
MO>XHO OMpedenTb B MPOCTPaHCTBE C OTHET/IMBO
onpenensemMbIM1 rpaHMLamu.

O6'beKTHO-Opl/IeHTVIpOBaHHaH MOJeNb — 3TO MOAEJb,
MMUTUPYKOLLAA pacrpegeneH1e ODOBbEKTOB, onpegeneHHbIX
B COOTBETCTBUM C OCOOOW I'eOMeTpI/IeVI B TPEXMEPHOM
MPOCTPaHCTBE, rae MoaesipyoLne BapnaHThbl 0BbI4HO
OrpaHn4eHbl JaHHbIMWN CKBaXXNHbI.

B nnacte 06bl4HO COAEPXKMUTCA MHOXECTBO O6EKTOB
onpeneneHHoro Tuna (HanpyMep, MycToT), KOTopbIe
06M1a0at0T CXOXKUMU FEOMETPUHECKMI NapaMeTpamu,
HO pPasNMYaroTCA Mo pasMepam (Hanpumep, TONLLMHE,
LUVPWHE 1 ONIVHE), PACMOSIOMKEHNIO U OpUeHTaLN,

Ecnn mecTopacrnonoxeHe 06eKToB «00yCIOBIEHO>
CKBaDKMHHbIMY JaHHbIMU (06BEKTbI yKa3aHbl B CKBaKMHAX
N peannsauyist IOSMKHA C 9TVM COrnacoBbIBaTLCS),

TOrAa CKBaKWUHHbIE AaHHbIe MOAENMPYIOTCS nepen,
MEXCKBaXKMHHBIM OOBEMOM.

B 0OBEKTHO-OpUEHTUPOBaHHOM MOOENMPOBaHN
NCMONB3YETCS METOL, CTOXaCTUHECKOrO aHamM3a npu
MOCTPOEHUN BEPOATHOCTHBIX MOAENEN KOHKPETHOrO
06beKTa C MOMOLLBIO Pa3NNYHBIX MOOEMPYHOLLIAX
nporpamMm, Hanpumep IRAP 1 Petrel. ST Tunbl
MOZEMPOBaHNSA MPUMEHSIIOT NEPEMEHHbIE BXOOHbIE
napameTpbl, 0ObIHHO M3BNEKAEMbIE N3 BEPOATHOCTHOM
NAOTHOCTW pacnpeneneHns, 1, Takum obpasom, NMEKT
HECKOJBKO PELLEHNI; Kak CNEACTBUE, HEOOXOOUMO
NpPOrHaTb MOAEb HECKOSBKO Pas 1 B 3aK/KOHEHNE
YCPEeOHUTb pPe3yNbTaThl.

Llenbto 06BbEKTHO-OPUEHTUPOBAHHOIO MOAENMMPOBaHMIA

B reosiorn 0cafioqHbIX MOPOL, SBNAETCS NnpeackadaHme
CeVIMEHTaLMOHHOM apXUTEKTYPbI U CTpaTUrpadnHeckoro
CTpOeHUs. PakTopbl HEONPEAENEHHOCTN, CBA3AHHbIE
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reservoir interval which can be defined in space and which
has clearly distinguishable boundaries.

An object-based model is a model that simulates the
distribution of objects defined by specific geometries, in 3D
space, with simulations usually constrained by well data.

A reservoir will typically contain many objects of a certain
type (e.g. channels), which have a similar geometry but
which differ in size (e.g. different thickness, width and
length), location and orientation. If the location of the
objects are ‘conditioned’ to well data (objects have been
identified in the wells and the realisation must honour this)
then the well data is modelled before the inter well volume.

Object-based modelling uses the stochastic method of
approach in building probabilistic models on a particular
object with various modelling software such as IRAP

and Petrel. These types of modelling have variable input
parameters, commonly derived from probability-density
functions (pdf’s), and therefore have multiple outcomes; as
a consequence model runs must be repeated many times
and subsequently averaged.

The goal of object-based modelling in sedimentary geology
is to predict sedimentary architecture and stratigraphy.
Uncertainties associated with object-based modelling
include; limited data available about reservoir dimensions
and architecture, Complex spatial disposition of reservoir
building blocks or facies, and spatial heterogeneity of rock
properties. (Bryant and Flint, 1993).

According to Bryant and Flint, 1993, the stochastic reservoir
modelling provides improved integration of geoscientific
information, uncertainty quantification by generation

of many plausible relations, reservoir characterisation

during exploration, appraisal and production stage and
convenience, and speed of stochastic methods.

Object-based modelling is commonly applied to fluvial
reservoirs.

The method employed for stochastic reservoir modelling of

fluvial channel sand bodies includes:

» Conditioning data

» Honoring well data: whereby sand bodies are randomly |
ocated to coincide with sands in the well. This ensures
that the channel positions are controlled.

» Inter well bodies: Here random bodies conflict with the
well and must be dropped or moved

» Final realisation: Sand is added until net-to-gross ratio
reaches desired level.

Problems can arise with object based technigues when there
are objects present in the well which cannot be matched
because the stop criteria has been reached too soon, there
are too many conflicts, or the objects being drawn into the
reservoir volumes have an inappropriate geometry,
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B PA3BEOKA

C OOBEKTHO-OPUEHTUPOBAHHBIM MOLENMNPOBAHNEM,
BKJTKOHAKOT: OMPaHNYEHHOCTb UMEIOLLIMXCA AaHHbIX

O pasMepax 1 apXUTEKTYPE MNacToB, CIOXHOCTb
MPOCTPAHCTBEHHOIO PACMONOXEHUSA CTPOUTENBHbBIX
6110KOB N haumii NNAcTOB M MPOCTPAHCTBEHHAA
reTepOreHHOCTb CBOMCTB Nopobl. (BpanaHt 1 OanHT,
1993 r.).

Kak nucanu B 1993 r. BpanaHT n ®nvHT, BEPOSTHOCTHOE
MOLENMPOBAHME NMNacTOB 06eCNeYnBaeT YyULLEHHOE
NHTEerpupoBaHme reousn4eckon nHopmaumn,
KOJIMYECTBEHHYKO OLIEHKY HEOMPEOENEHHOCTEN NYTEM
CO34aHMst MHOXXECTBA BO3MOXXHbIX CBA3EN, OnMCaHmne
XapaKTEPUCTUK NnacTa Ha aTanax pPasBeaKkn, OLEHKN
3anacoB 1 Oo6bl4K, a Takke yaobCcTBo 1 BbICTpoTa
METO0B CTOXaCTUYECKOro aHanmsa.

Problems are also associated with objects that are very
large (It is easier to fit a group of small objects together
than large ones). Other problems occur when the wells
are closely spaced to the size of the objects; this is ironic
as more wells yield better constrained models. The
methodology can distort the statistics, whereby larger
object are placed near the well and smaller objects
between wells.

Dataset

Data used is as follows:

» Publicly available satellite imagery of the modern
Volga delta

» Enlarged section of the delta with better resolution
showing more pronounced distributary channel patterns.

» Cartoon map of the Volga showing the area covered by
the satellite image.

YBENMYEHHbBIN yHacTOK
0ensTol

Enlarged portion of the delta

Pwuc. 3.1. CnyTHNKOBLI CHUMOK AenbTbl Bonrm, n3obpaxxaroLLmin BCIO MNAOLLaAb, OTHOCSLLYIOCSA K AaHHbIM, a Takke
YBENMYEHHbIN YHaCTOK, HA KOTOPOM BbinonHsnack padota (NASA, 1999 r.)

Figure 3.1: Satellite image of the Volga delta showing the entire area covered by data and the enlarged portion
worked on (NASA, 1999)
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B PA3BEOKA

OB BEKTHO-OPUEHTUPOBAHHOE MOAENMPOBaHNE OObIHHO
MPUMEHSIETCS 115 MAacTOB B PEYHbIX CUCTEMAX.

MeToa, NCrnonb3yembiin ANst BEPOATHOCTHOIO
MOAENMPOBaHMS MNacTOB B NecHaHbIX Tenax peqHbIX
PYCEN, BKIHOYaET:

» ODYCNOBAVMBAHWE OAHHbIX;

» YYET CKBAKMHHbIX JaHHbIX: TaMm, rae 6ecropsaoqHo
PaCnONOXXEHHbIE MeCHaHble Tefla COBMELLIEHbI C
recyaHom TOMLLEN B CKBaXKMHE. 3TO obecneqnBaeT
KOHTPOSb PACTONOXXEHNST KAHAMOB;

» MEXCKBaKMHHbIE Tefa: 30eCb Tena C NPoM3BOSbHbIM
PACMONOXEHNEM HE COOTBETCTBYIOT CKBaXKMHE, U 1X
HeoHX0OMMO UrHOPUPOBATL U NepeaBuHyTh;

» 3aKoYNTENBHAS peanu3auna: gobasneHne necka
MPOVCXOONT [0 AOCTUKEHNS XKEMaeMOoro YPOBHS
COOTHOLLIEHNS HETTO-6PYTTO.

[Mpn MCNONBE30BaHNN OBBEKTHO-OPUEHTUPOBAHHbIX
METOOMK MOINYT BO3HUKATb MPOBNEMbI, KOraa B CKBaXKMHE
MPUCYTCTBYIOT OO BEKTbI, A/15 KOTOPbIX HEMB3S HANTU
COOTBETCTBUE 13-3a TOr0, YTO MPEXXOEBPEMEHHO Dbl
OOCTUMHYT KPUTEPUIA OCTAHOBKM, CYLLIECTBYET CIIULLIKOM
MHOIO KOHMMKTOB M OTTOMO, YTO OOBbEKTLI, BHOCUMbIE
B MN1aCTOBbI OOBEM, NMEKOT HECOOTBETCTBYIOLLME
FEOMETPUYECKME MAPaMETPBbI.

[Mpobnembl Takxe MOMyT ObITb CBS3aHb! CO CMLLIKOM
KPYMHbIMW 06beKTaMu (ropasao ferde noMecTuUTb
rpynny o6 beanHEHHbIX MENKNX OOBEKTOB, YeM DOoSbLLIME
00bekTbl). dpyrie npobnemMbl NosiBAAOTCS, Korga
CKBaYKMHbI CIIMLLIKOM BIM3KO pacronoXXeHbl Mo pasmMepy
0OBEKTOB; 3TO MPOUCXOOUT CMIOBHO B HACMELLIKY,
MOCKOJbKY 60MbLLEe HYMCNO CKBaXKUH 0becreqmBaeT
NyLLEee HaNoXXeHMe orpaHUYNTESNbHbIX MapameTpoB B
mMoaensx. JaHHast METoaMKa MOXET UCKabKaTb CTaTUCTUKY
Tam, roe 6onee KpynHble 0O bEKTbI PACMONOXKEHbI
BON3M OT CKBaXKMHbI, & 6051ee Menkne 06beKTbl MexXay
CKBaXKMHaMM,

HaGop fAaHHbIX

Vicnonb3oBanvch cneayrolme AaHHbIE:

» Haxopswmecs B obLLEM AOCTYMe CNYTHUKOBbIE CHUMKMN
COBPEMEHHOW AensThl Bonry.

» YBENMYeHHbI y4acTOK OeNbThbl C 60Mee BbICOKNM
pas3peLleHeM, Ha KOTOPOM OTHETIMBEE BUAHbI CXEMbI
PYyKaBOB.

» KapTa-cxema Bonru ¢ n3obpaxxeHnem nnoLlaam
MOKPbITUS CMYTHUKOBOIO CHUMKA.

MeTtoponorua u c6op AaHHbIX

PykaBHble cerMeHTbl OblI OTTPacCUPOBaHb! MO KapTe
Ha OCHOBE CMYyTHMKOBOIO N300paxKeHst OenbTbl Bonrn
MPW MOMOLLIN KamnbKW 1 C UCMONb30BaHNEM HyMepaLmn
cermeHToB OT 1 g0 270.

Bbinn nony4eHs! sMepeHus 4JMHbI Mo BOOOTOKY (L),
FOPU30OHTaSIBHOM MPOTAXKEHHOCTM (H) 1 LUMpUHBGI pycer;
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Puc. 3.2. KapTa-cxema coBpeMeHHOM aenbTbl Bonry,
rOe KpacHas norpaHnyHas IMHNS yKasblBaeT ParioHbI
MOKPbLITVS CYTHUKOBOIO CHUMKA. (Ilcmonb3yeTcs ¢
pagpeLleHrs geoinfo, 1984 r.)

Figure 3.2: Cartoon map of the Morden Volga delta,
with the red border line showing areas covered by the
satellite image (Courtesy of geoinfo, 1984)

Methodology and Data Collection

The channel segments were traced-out from the satellite
image map of the Volga delta using sheets of tracing paper,
& the channel segments numbered from 1 to 270

Measurements of length along the stream (L), horizontal
length (H) & width of channels were obtained; using a ruler
and a long string, and the sinuosity (L/H) was calculated.

The channel segments were assigned a hierarchy

with numbering starting from ‘one’, from the Volga
River, at the apex of the delta through the network of
branched and converging stream channels to the region
represented on a traced-out, satellite image of the Volga
delta. The numbering of the channel hierarchy continued
from there, through the drainage system to where the
stream channel drains into the Caspian Sea. Some
channels close to the sand dunes and deserts were
observed and measured.

A section of the delta showing a pronounced branching
pattern was looked at and measured as above.

The Sinuosity for each channel segment was calculated by
dividing the channel length along a floodplain stream (L) by
the horizontal channel length (H).

All the records of measurements were properly labelled and
tabulated on an Excel work sheet.

Statistical analysis; mean, standard deviation, frequency
& cumulative frequency were obtained from the dataset
collected via Excel worksheet.

Part 2 of this article with the findings and conclusions will be
published the June issue of ROGTEC Magazine.
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EXPLORATION M

C CMNOMb30BaHNEM JINHENKU 1
OMHOW HATW NPON3BEOEH pacHeT
n3sunmctoctn (L/H).

PycnosbiM cermeHTam 6bina
NPUCBOEHA NepapxXmMHecKas
CTPYKTYpa C HyMepauven
Ha4MHas OT eAVHULbI C PEKN
Bonra B BepxHel ToYKe OeNbThl,
4Yepes CeTb PasBETBAOLLMXCS
1 CIMBAIOLLIMXCSt BOOOTOKOB,

K 0bnacT, 0603Ha4eHHON Ha
OTTPACCMPOBAHHOM CMyTHUKOBOM
CHUMKe AenbTobl Bonru.
Hymepauums pycnoBov nepapxumm
NPOOOMKAETCS OT STOr0 MECTAa,
4Yepes CUCTEMY CTOKA K TOYKE,
rAe Pycio peku BrafaeT B
Kacnuickoe mope. bbina
BbINOSIHEHA BU3yasibHas OLEHKA
1 NPOoM3BeaEHbI U3MEPEHNS
HEKOTOPbIX PyKaBOB BOMM3M
necHaHbIX OOH U MYCTbIHHbIX
ParioHOB.

PaccMOTpeH 1 n3mepeH

B COOTBETCTBN C
BbILLEN3I0XKEHHbIM Y4aCTOK
[0enNbThl, HA KOTOPOM 3amMeTHa
OTHETSIMBAA CXemMa BETBJ1IEHNA

13BUAMCTOCTb A1 KAXKO0ro

PYCIOBOrO CEermMeHTa Puc. 4.a. OtTpaccrpoBaHHas KapTa AefbTbl Bonrv, Ha KOTOpoW BeIMOHANACh
paccyMTbiBanach nyTem aefeHns paboTa (vacwTab: 3,6 cM Ha 5 Km)
ANVHbI pycra BAO/b NovMbl (L) Fig 4.b A map of the section looked at in detail showing a pronounced distributary

Ha BEMM4VHY rOPV30HTaIBHOM pattern (Scale: 9.8cm represents 5 km).
NPOTsKeHHOCTU pycna (H).

Bce 3anvcm o caenaHHbIX UsMepeHmsx 6ein
COOTBETCTBYIOLLMM 06Ppa3oM NMOMEYEHbI U CBEAEHbI! B
SNEKTPOHHbIE TabauLpl Excel.

Cratnctnyeckmin aHanma: 13 Habopa AaHHbIX, COBPaHHbIX
B Tabnmue Excel, nonyqeHbl cpegHee KBagpaTnieckoe
OTK/IOHEHWE, MOBTOPSAEMOCTb 1 HAKOMNEHHAA
MOBTOPSEMOCTb.

BTopasi YacTb aTOM CTaThh C MNOAYHEHHBIMM PEIYNbTaTaMM
1 BbiBOgaMM ByaeT onybaMkoBaHa B MKOHBCKOM BbIMyCKe
»xypHana ROGTEC.

Puc. 4.b. KapTa y4actka ¢ feTasibHbIM OTOBPaKEHNEM
OTHET/IMBO BbIPaXKEHHOW CXEMOW PyKaBOB (MacLUTab:
9,8 cM Ha 5 Km)

Fig 4.b A map of the section looked at in detail showing
a pronounced distributary pattern (Scale: 9.8cm
represents 5 km).
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