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Pe3ynbTaTbl U 3aKNI0YeHNA
[aHHble, NofyYeHHbIe HA OCHOBaHW 3aMEPOB,

MOKa3bIBatOT, YTO MPOTHAXKEHHOCTL pyClia AesibTbl Bonrun

cocTtaenget oT 0,28 oo 24,03 KM, CO cpeaHen AaMHOn
5,41 kM (Puc 5a).

CpenHsas ovHa pycna nepapxm4eckon rpynnmpoBKM
konebnetca mexxay 1,32 n 18,06 kM. BennunHbl

cpeHnx I'IpOTFI)KeHHOCTeVI CaMble BbICOKME B nepapxmnn

3, a camble HM3KME BHU3 Mo 15 nepapxum pycna,
YTO YKa3blBaAET Ha HEKOTOPOE COoKpalLLeHne cpeaHel
MPOTSXKEHHOCTY BHK3 MO Mepapxum (Tabnuua 5.1).

CpenHee OTKIIOHEHWE MPOTSPKEHHOCTN pycna (L)
coctaBngeT 4,38 kM (Mpunoxenne 1). CtaHgapTHOE
OTK/IOHeHNe konebnetca mexxay 0,3 n 4,72 kM B
NepapxmHecKmx rpynnmpoBKax, ¢ CamblM BbICOKUM
3Ha4YeHVEM HaBEPXY NePapXmn 1 CaMbIM HUSKUM
3Ha4eHreM y ocHoBaHusa (Tabnmua 5.1).

V13BunmncTocTb pycen aeneTel Bonrn konebnetcs ot 1
no 1,5, Torga Kak cpegHas BenmymHa N3BuancTocTm
coctaBngeT 1,1.

CpenHsast Benu4mHa U3BUINCTOCTU NEPapXMYeCKO
rpynnuMpoBKn konebnetca mexay 1 1 1,34 (Tabnmua
5.1). BennunHa nsBnnncToCcTn JOCTUraeT camoro
BbICOKOIO 3Ha4eHus B 3 Mepapxun, a caMmoro H1U3Koro
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Results & Conclusions

The measured data reveals that the Volga delta channel
ranges from 0.28 to 24.03 km in length, with a mean
length of 5.41 km (Fig 5a).

The mean channel length of the hierarchy grouping ranges
between 1.32 and 18.06 km. The values of the mean
lengths are highest up in hierarchy 3, and lowest down
the channel hierarchy 15, indicating that there are some
decrease in mean length down the hierarchy (Table 5.1).

The standard deviation of the length of the channel (L)

is 4.38 km (Appendix 1). The standard deviation ranges
between 0.3 and 4.72 km in the hierarchy groupings, with
the largest value at the top of the hierarchy and the lowest
at the base (Table 5.1).

The sinuosity of the Volga delta channels range from 1
to1.5, with a mean sinuosity of 1.1.

The mean sinuosity of the hierarchy grouping ranges
between 1 and 1.34 (Table 5.1). The sinuosity value is
highest in hierarchy 3 and lowest in hierarchy 15, indicating
a decrease in mean sinuosity down the hierarchy. This
decrease is not seen in hierarchy 11 and 12 (Table 5.1).

The standard deviation for the sinuosity of the channels in
the Volga delta is 0.09 (Appendix 1), and ranges from 0 to
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EXPLORATION M

3HadeHnsa — B 15 nepapxumu, ykasblBas Ha MOHWXeHe
BEMNYNHBI CPEOHEN U3BUNCTOCTN BHN3 MO MEPapXmu.
Takoe NoHWKeHVe He HabndaeTcd B nepapxum 11 n 12
(Tabnuua 5.1).

CTtaHOapTHOE OTKIOHEHWE U3BUUCTOCTU pycen B OenbTe
Bonru coctasnset 0,09 (Mpunoxenne 1), n konebnetcs
ot 0 go 0,1 B rpynnmpoBkax nepapxum (Tabnuua 5.1).

LLInpwHa pycen genbTbl Bonrn, cornacHo 3amepam,
konebnetcsa ot 70 m oo 833 M, Torga Kak cpeaHss
BeIMYMHA LLUMPYIHBI COCTaBNSAET 248 M CO CTaHOAPTHBIM
OTKJIOHEHVeM 162 M.

[ns cpaBHeHNS!, AaHHbIE YBENMHEHHOMO y4acTka OT OeNbThbI
Bonmm (Puc 5b ') nokasbiBatoT konebaHnst MpOTSHXKEHHOCTU
pycna ot 0,23 0o 13,42 KM, Torga Kak cpeaHsas
MPOTSHKEHHOCTL cocTaBnaeT 1.61 kM. VI3BUAncToCcTb
YBENMNHYEHHOrO y4acTka konebnetca ot 1 oo 1,33, Torga kak
cpenHssa M3BUIMCTOCTb cocTaenaeT 1,07.

CpenHsst NPOTSXKEHHOCTb, CPEOHSA U3BUINCTOCTb U
CpefHne OTKITOHEHNUST PYCEN YBEJIMHEHHOIO yHacTKa
KapTbl AeNbTbl Bonry, ¢ aHanorn4Hom nepapxmnen,
nokasaHbl B Tabavue 5.2.
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0.1 in the hierarchy groupings (Table 5.1).

The Volga delta channels measured ranged from 70m
to 833 m in width, with a mean width of 248 m and a
standard deviation of 162m.

In comparison, the data from the enlarged section worked
on from the Volga delta (Fig 5b) reveals a range of 0.23 to
13.42 km for channel length, a mean length of 1.61 km.
The sinuosity from the enlarged section ranges from 1 to
1.33 with a mean sinuosity

of 1.07

The mean length and mean sinuosity and standard
deviations of channels having similar hierarchy from the
enlarged section of the Volga delta map are illustrated in
Table 5.2.

Puc 5.a CoctaBneHHasi kapTa genbTbl Bonru ¢
nocnenytowmmn gopaboTtkamn (Maclutab: 3,6cm
pPaBHO 5 KM)

Figure 5.a The traced out map of the Volga delta
that was worked on (Scale: 3.6cm represents 5 km)
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\ . Puc 5.b lNogpobHas
# KapTa y4acTka C

BbIPaXKEHHOW CXEMOWM
pacnpeneneHns pexku
Ha MeNkne pykasa
(Macwrtab: 9.8cm paBHO
5 Km).

Figure 5.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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Tabnuua 5.1 CpefHee 1 cTaHAAPTHOE OTKIOHEHWE MPOTSXKEHHOCTW (L) 1 U3BUAMCTOCTY ANA PYCesl, UMEHOLLIMX
aHaNor4HYto nepapxumto B Aenste Bonrm

Table 5.1 The mean and standard deviation of length (L) and sinuosity for channels having similar hierarchy in the
Volga delta

3 1 18.06 - 134 -

4 13 6.81 4.72 118 0.1
5 16 5.48 4.91 114 0.12
6 27 6.76 4.53 114 0.12
7 32 5.24 4.44 1.1 0.09
8 41 4.76 3.42 1.08 0.06
9 37 6.12 4.87 1.07 0.08
10 38 4.26 3.45 1.07 0.05
1 26 6.32 5.60 1.09 0.07
12 19 5.14 4.05 112 0.10
13 15 4.14 2.63 11 0.08
14 2 2.92 1.38 11 0.28
15 2 1.32 0.30 1 0

Ta6bnuua 5.2 CpefHee 1 cTaHAAPTHOE OTKIIOHEHNE MPOTSMEHHOCTW (L) 1 3BUNNCTOCTY NSt PYCES, UMEIOLLNX
aHaNIOrNYHYHO MepapXxmio Ha YBENNYEHHOM YacTu n3obpaxkeHnst aenbTbl Bonrm

Table 5.2 The mean and standard deviation of length (L) and sinuosity for channels having similar hierarchy in the
enlarged part of the Volga delta image

10 2 4.46 3.93 3.93 1

1" 7 2.72 3.97 1.05 0.07
12 12 2.52 3.69 1.08 0.08
13 15 173 1.31 1.08 0.09
14 16 11 0.63 1.09 0.09
15 15 1.16 0.60 1.07 0.05
16 7 0.68 0.44 1.04 0.08
17 4 111 0.82 1.09 0.07
18 2 0.39 0.11 1 0
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["pathrkm NPOTSHKEHHOCTU B COMOCTaBNEHNN C The plots of length versus sinuosity, length versus

V3BUIMCTOCTBLIO, NepapXxmm B COMNOCTaBEHNN C hierarchy, hierarchy versus sinuosity, hierarchy versus

N3BUINCTOCTLIO, Mepapxmmn B CONOCTaBEHUN C LUNPUHON width and sinuosity versus width of the Volga delta

1 N3BUNMCTOCTM B COMOCTaBIEHUM C LUMPUHOW PyKaBOB channels all gives a scattered graph. The R-squared

OenbTbl NPeacTaBnsaeT PacCPenoTOHEHHYIO auarpammy. values of the graphs below ranges between 0.002

[ranasoH 3Ha4eHun koadhpuumeHTa AeTepMUHaALAN and 0.12

R-kBagpaTa Ha auarpaMmmax Hke Konebnetcs mexxay

0,002 n 0,12. The results of the bar chart and cumulative frequency
curve of the length, width, hierarchy and sinuosity of

PegynbTaTthl cToné4aTon avarpamMmbl M MHTErPasbHOM channels in the Volga delta are shown on the plots in the

KPVBOW pacnpefeneHns npoTsXEHHOCTU, LMPWHBI, figures below.

nepapxmmn n N3BUNIMCTOCTU pPyCeJl B AefibTe Bonru
NMoKa3aHbl Ha FpaCbI/IKaX HIXKe.

Puc 5.1: Tp Puc 5.2: [pa
Fig 5.1: Plot of Channel Length Vs. Sinuosity of the Volga Delta Fig 5.2: Plot of Channel Hierachy Vs. Sinuosity of the Volga Delta
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Puc 5.6: padvik MpOTHKEHHOCTI pyCria OTHOCUTENBHO LLMPUHBI Pycna AenbTbl Bonmm YBEMHEHHO YacTvi AenbTel Bonrm
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Puc 5.13: Mpachvik nepapxum pycna OTHOCUTENBHO U3BUAMCTOCTU YBENHEHHOM
YacTv fenbTbl Bonrn

Fig 5.13: Plot of Channel Hierachy Vs. Sinuosity of the enlarged part

of the Volga Delta
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Sinuosity decreases as we move up the hierarchy

Puc 5.7:Cton6yatas gruarpamma 1 KpyBasi HaKOMIEHHOW YaCTOTbl, OTPaXXatOLLmEe
pacnpefeneHe NPoTIXEHHOCTEN pycen B aenste Bonrm
Fig 5.7: Bar chart and Cumulative frequency showing distribution of the
Volga delta channels
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MpumMevaHne: 3HadeHVs R2, monyyeHHble Ha
OCHOBaHWM aMarpamm pasbpoca, HaBoOAT Ha
MbICJIb, YTO HE CYLLIECTBYET TECHON B3aNMOCBSA3
MeX[y MepeMeHHbIMN XapaKTepUCTUKamu;
MPOTSPKEHHOCTb, U3BMUMCTOCTb U LUMPUHA, Kak
3HaveHua R2 -Bce MpnbAMsnTenbHO paBHbl HOSIO,
YTO AAET OCHOBAHWSA MofiaraTb, YTO 3TV MEPEMEHHbIe

MOIyT pacCMaTpmnBaTbCA HE3ABMCKMO TMpn

NMOCTPOEHN MOOEes N bacceinHa.

Note: The R2 values obtained from the scatter

plots all suggest that there is no strong relationship
between the variables; length, sinuosity and width, as
the R2 values are all approximately zero. This implies
that these variables can be treated independent
when building a reservoir model.

Puc 5.8: Cton6yaras anarpamma 1 KpuBas HakomnaeHHOM YacToTbl, OTpaykatoLLyve
pacrpegneneHe LWPVH pycen B aenste Bonrm
Fig 5.8: Bar chart and Cumulative frequency showing width distribution of the
Volga delta channels
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AcvmmeTpua = 1,6 (MONOXWUTENbHAA acuMMeTpKsA)
Skewness = 1.6 (positivelyskewed)

Puc 5.9: Cton6yatas grarpaMmma v Kpyeast HakonmneHHOM HYacToTbl, OTpaxkatoLLe
repapxun4eckoe pacnpeaeneHe pycen B fenste Bonrm
Fig 5.9: Bar chart and Cumulative frequency curve showing heirarchy distribution of
the Volga delta channels
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Puc 5.10: Ctonb4atas ayarpamma 1 Kpueasi HaKOMIEHHOM YaCTOTbl, OTpavKatoLLe
pacnpefeneHie 3BUIMCTOCTU pycen B AenbTe Bonrn
Fig 5.10: Bar chart and Cumulative frequency curve showing sinuosity distribution of
the Volga delta channels
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AcvmmeTpusa = 1,6 (HopManbHoe pacnpeaeneHve)
Skewness = 1.6 (Normal distribution)
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EXPLORATION M

MpumevaHne: CTonb4atas amarpaMmma n rpacbvkm
HaKOMMEHHbIX YACTOT YKA3bIBAIOT Ha MOJIOXKNTESIbHYHO
BEJINYMHY aCCUMETPUM 1 HYaCTOTbl pacrpeneneHuns
[NS1 MPOTSHYKEHHOCTH, LLUNPWHBI U M3BUIMCTOCTY

pycen B aenbte Bonru, n HyneByto BENHMHY
ACCUMETPUM 1 HaCTOTbl pacrnpeneneHs (HopMabHoe
pacnpeneneHne) ana nepapxum pycna.

Note: The bar chart and cumulative frequency plots
indicates a positive skewness for the length, width
& sinuosity of channels in the Volga delta, and a
zero skewness (normal distribution) for the channel
hierarchy.

TonkoBaHve pesynbTaToB

PesynbTathl, NOMyYeHHbIE Ha OCHOBaHUM CTaTUCTUHECKOMO
aHanmMsa, MHTEPNPETUPYIOTCA CReayroLM 0BpasoMm.
3HaveHns koadhduLpmeHTa geTepMmmHaumm R- kBagpaTa,
NOMyYeHHbIE HA OCHOBaHWN AnarpamMmbl pasbpoca,
HaBOLAT Ha MbIC/lb, YTO He CYLLIECTBYET TECHOM
B3aNMOCBA3M MEXXY NepeMEHHbIMU XapakTePUCTUKaMM
MPOTSXKEHHOCTU, U3BUIMCTOCTU, LUIMPWUHBI 1 UepapXum Ha
rpadrke 3aB1UCUMOCTU, MO TOW NPUHUHE, YTO SHAYEHUA
R- kBagpara, nonyyeHHble AN BCex rparkoB, paBHb!
NpUBAN3UTENBHO HOMO (PrcyHKK 5.1-5.5, 1 5.11-5.13).

OTO OaeT ocHoBaHWS nosaraTk, YTO 3TV NepPeMeHHble
XapaKTEePUCTNKN ABNAKOTCA HE3aBUCMbIMA 1N MOTYT
ObITb B34ATbl K&K CAMOCTOATESIbHbIE COCTaBJiAroLLME MPpn
MOCTPOEHU MOOENN HBaccenHa.

Tabnrua 5.1 nokasbIBaeT pacnpeneneHne cpenHen
MPOTSHYKEHHOCTU U CPeaHen U3BUANCTOCTU pycra B AefibTe
Bonrv BHU3 Mo nepapxum. 3HaveHne NpOTSHKEHHOCTY B

3 nepapxmn, KOTopoe COoCTaBnAeT 18 KM, npeanonaraet
3HAYUTENBHYIO MPOTSPKEHHOCTL pycna. CpeaHss
MPOTSXKEHHOCTb B Npeaenax nepapxmmn nopsaka ot

4- 0o 13 ykasbIBaeT Ha TO, YTO BOMBLUMHCTBO PYyCen B
npegenax aToro avanasoHa epapxun cocTaBnstoT pycra
3HaYNTENBHOWN MPOTSXKEHHOCTH, a Pa3BeTBEHHaA CETb
PYKaBOB Oe/1bThbl, KOTOpas YKasbiBaeT Ha ABVKEHNE C
BEPXHEN OENbTOBOW PaBHMHbI B HYXKHIOK. Toraa Kak
cpedHve 1 CTaHOaPTHble 3HAaYeHWsA OTKIIOHEHNS CpeaHel
MNPOTSXKEHHOCTY N USBUIMCTOCTU PYCEN B MEpapxXmm
nopsaka ot 14 0o 15 ykasbiBaroT Ha pycna C MOKPOBHbIM
MECKOM W BNaduHbI.

CpaBHeHve cpeaHel NPoTsHKEHHOCTN 5,41 Km co
CTaHOAPTHbIM OTKIIOHEHMEM 4,38 KM yKadblBaeT

Ha HanM4yre OBLLMPHOrO OTKIIOHEHWST OT cpeaHel
MPOTSHKEHHOCTU pycen B Aenbte Bonrn. 3To cBs3aHo ¢
O0NbLLOW pasHMLLEN MexXay 0O0UMM 3HAYEHNSM, U TEM
hakTOM, YTO AMana30oH 3HAYEHUIN ONS NPOTSKEHHOCTA
pycna pacnpenensaeTca ganeko OT CPEOHEro 3Ha4YeHs!.
Ha ocHOBaHWUM 3Ha4eHWn CPeaHero 1 CTaHAAPTHOrO
OTKOHEHWI, Anana30oH NPOTSXKEHHOCTM pycna B 60MbLLEN
yacTtu gensTbl Bonru coctasnget ot 1,03 0o 9,79 Km.

KpI/IBaFI pacnpegeneHna 4acToT yKa3blBaeT Ha TO, YTO

MPOTSKEHHOCTb BOMBLUMHCTBA Pycen B aenste Bonrn
ABNSETCHA KOPOTKOWM, C MHTEPKBAPTUNBHBIM AMAana30HOM

www.rogtecmagazine.com

Interpretation of resuits

The results obtained from the statistical analysis are
interpreted as follows; The R- squared values obtained
from the scatter plots all suggest that there is no strong
relationship between the variables; length, sinuosity, width
and hierarchy of the Volga delta channels when plotted
against each other. This is because the R-squared values
obtained for all the plots are approximately zero (Figures
5.1-56.5,and 5.11-5.13).

This implies that these variables can be treated as
independent and can be placed as separate entities when
building a reservoir model.

Table 5.1 shows the distribution of the mean length and
mean sinuosity of channel in the Volga delta as we move
down the hierarchy. The value of the length in Hierarchy
3 which is 18 km suggests a major channel length. The
mean channel length within the hierarchy order of 4 to
13 indicates that majority of channels within this range

of hierarchies comprise major channels and branching
network of distributaries which suggests movement from
an upper to a lower deltaic plain environment. While the
mean and standard deviation values of the mean length and
sinuosity of channels in the hierarchy order from 14 to 15
suggests channels with sheet sands or lobes.

The mean length of 5.41 km when compared with the
standard deviation of 4.38 km indicates that there is a wide
deviation from the mean length of channels in the Volga
delta. This is due to the large difference between both
values, and the fact that the range of values for the channel
length is distributed far from the mean value. Based on

the values of mean and standard deviation, the range of
channel length in most part of the Volga delta is from 1.03
10 9.79 km.

The cumulative frequency distribution indicates that majority

of the channel lengths in the Volga delta are short, having

an inter-quartile range of 5.25 km and median of 4 km in
length (figure 5.7). The bar chart also shows a decrease in the
frequency of channels with longer lengths. This suggests that
the probability of getting a lower channel length is higher, while
the probability of getting channels with higher length is low.

The mean sinuosity of 1.1, when compared to the standard
deviation of 0.09 signifies a narrow deviation, and that most

ROGTEC | 31



B PA3BEOKA

5,25 KM 1 cpeaHM 3HadeHnem 4 kv (Puc 5.7).
CTonbyaTas guarpamMmma Takxke yKasblBaeT Ha MOHVDKEHME
4YacTOTbl PyCen ¢ BOMbLLION MPOTAXKEHHOCTLIO. OTO
HaBOAWT Ha MbICSlb, HTO BEPOSITHOCTb PYCEN C HU3KOM
MPOTSHKEHHOCTHIO BblLLIE, TOTAA Kak BEPOSTHOCTb PyCes C
BbICOKOW MPOTSHPKEHHOCTHIO HXKE.

CpaBHeHve cpeaHel n3smnmctoct 1,1 co cTaHaapTHbIM
OTK/IOHeHWeM 0,09 ykaabiBaeT Ha HE3HaYMTElbHOE
OTKJIOHEHWE, 1 Ha TO, YTO BOMbLLASA HacTb 3HAYEHWIA
N3BUIMCTOCTW pycna B AenbTe Bonrn pacnpenensieTcs
ONM3KO K CpedHEMY 3HAYEHNIO. 3TO CBS3aHO C
He3HaYMTENbHBIM Pa3NMYMeEM Mexdy CTaHOaPTHbIM
OTKJIOHEHWEM W CREAHVIMW 3HAYEHUAMU. N300padkeHme
KOHTYpa PEKN SBNAETCH XapakTEPHBbIM AN TUna ¢
PasBETBAEHHBIMI PyCNamu, OT NPsSIMON Ao cnabo
N3BUNMCTON (hOPMbI. [lonpaBkn KOHTYPa, 3aMepeHHbIE
Kak BapuaLn U3BUAUCTOCTN TECHO CBA3aHbI C TUMOM,
pa3MepoM 1 COOEP>KAHMEM HAHOCOB (MYTHOCTbLIO BOApbI).
OHN TakKe CBsA3aHbI C YCTONYMBOCTHIO K OTMENN U
XapakTepucTkamu aebuta notoka. Baanmocsase mexxay
YKJTOHOM pycna 1 U3BUAUCTOCTHIO Oblna paspadboTaHa B
nabopatopHbix onbirax LLyma (Schumm) 1 XaHa (Kahn)

B 1972 rogy. Takxe, Ha OCHOBaHUM NCCNEO0BaHNN,
npoBeaeHHbIX Capkepom (Sarker) n gpyrumm B 1999,
Oblnn caenaHbl BbIBOAbI, YTO YKIIOH PEKM YMEHBLLAETCS (B
OTBET Ha COKpPALLEHVE MOCTYMEHNST BOAb! M OCaA04HbIX
MOPOA BBEPX MO TEHEHMIO) MO MEPE TOMO Kak OHa
CTaHOBUTCS Bonee U3BUIMCTON. Kpome Toro, 3To Takke
noaTBEPXXAAET HAbMOAeHNS 1 3akntoveHnst Agamca (Ad-
ams) B 1919 rogy 0 TOM, YTO pykaB AeSibTbl CTAHOBUTCS
fonee N3BMIMCTbIM B MPOLIECCE AeKnnHaumn. Ha
OCHOBaHUI PE3YNLTATOB MOVIX MCCNEA0BaHNIA, S MPUXOXKY
K BbIBOZY, YTO BOMbLUMHCTBO pycen AenbTbl Bonrm nmetoT
BbICOKYK CKOPOCTb TEYEHMS.

3HaveHne N3BUNCTOCTU Pycen CBA3aHO C OOBEMOM
MpPOWaEHHOM BOOb! U, BMOCNEACTBM, COOEPMKAHNEM
HAHOCOB. 3TO ABMAAETCS TUMNYHBbIM AN151 60NEe HU3KMX
0ENbTOBbIX PaBHUH 1 60/16€ HN3KOW KPYTU3HbI CKIOHA.
VI3BUANCTOCTb PYCEN XapaKTepU3yroTCs OT MPSIMOro A0
cnado N3BUINCTOrO KOHTYpPA.

[MpOCTPaHCTBO y4acTKa K HNU3KOW AeNbTOBOW PaBHUHE
SABNAETCHA OObIKHOBEHHBIM, FAE YKOHbI PEKM 1 OeNbThI
pycna B CTOPOHY Mopst H13KMe. OBbIHHO, B TaKNX cpedax,
KONMNYECTBO PYCen YBENMUYMBAETCS, N HaCTO UMEET
BUIKOOBPA3HbIN M Pa3BeTBASIOLLMIACS BUA, Ha MiaHe.
Takow Bua SBASAETCS TUNNYHLIM ANS AeNbTbl Bonry n
BUOEH Ha N30OPaKEHINSIX, MOSTyHEHHbBIX C MoMoLLpo NC3.
C TO4KM 3peHnst (POPMUPOBAHNS MECHAHOTO FOPU30HTA,
OTNOXKEHNS, 3anoHAoLLME ByXTbl, KOTOPbIE

4acTo 0BPAa3YT KNIMHOOOPAa3HbIE OBNOMOYHbIE

nopodpl, HaxoasdLLIMe APYr Ha Aapyra v pa3neneHHble

MPOMEXXYTOUHbIMU PyKaBaMu 1 6ONOTHBIMU OTIOXKEHUSIMUA.

37O NO3BOASIET MOHATH KAKOW TN reTepPOreHHOCTU
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of the sinuosity values of channels in the Volga delta are
closely distributed near the mean. This is due to the small
difference between the standard deviation and the mean
values. The river pattern is characteristic of Straight to low-
sinuosity braided channels. Pattern adjustments measured
as sinuosity variation are closely related to the type, size,
and amount of sediment load. They are also related to
bank resistance and to the discharge characteristics of the
stream. The relationship between channel slope to sinuosity
in an experimental river was elaborated by Schumm and
Kahn (1972). Also from a research carried out by Sarker

et al (1999), it was inferred that the river reduces its slope
(in response to reduction in water and sediment supply
upstream) by becoming more sinuous. It also endorses the
observation of Adams (1919) that a distributary becomes
more tortuous during their process of declination. From

my results, | can conclude that most of the channels in the
Volga delta have a high discharge rate

The Sinuosity values of the channels relates to the volume
of water discharged and subsequently the sediment load.
This is typical of a lower delta plain environment and lower
gradient of the slope. The sinuosities of the channels are
straight to low sinuous.
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Puc 6.1: Bsanmo3aBncMMOCTb MEXAY YKITOHOM
1 USBUINCTOCTBIO ANS aitoBUaIbHOrO pycna, C
[OEMOHCTPALMEN MOPOrOBbIX MSMEHEHNIN MEXOY
PasANYHbIMK TUMaMK Pycria MoKa3aHa Ha OCHOBaHW
nabopaTopHbIxX nccnenosaHuia (LLlymm n Xan, 1972 ).

Figure 6.1: Experimental relation between slope and
sinuosity for an alluvial channel, showing threshold
changes between channel pattern types (Schumm and
Kahn, 1972).

The area extent to the lower delta plain is common where
the seaward gradients of the river and channel delta are
low. Most commonly in these environments, channels
become more numerous and often show a bifurcating or
anastomosing type on plan view. These patterns are typical
of the Volga delta and can be seen from the satellite image.
From the standpoint of the sand body formation, bay fill
deposits, which often form thin clastic wedges, stacked,
one on top of another and separated by inter-distributary
bay and marsh deposits. This gives an insight into

the type of heterogeneities to expect and input when
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clenyeT OXuaaThb 1 y4UTbIBaTb MNP MOCTPOEHM
OOBEKTHO-OPUEHTUPOBAHHON Moaenn. Kpome Toro,
N3BUINCTOCTb 3aBUCUT OT Yyriia HakioHa 1 obbema
MPOMYLLEHHOM BOApbl, HO HE 3aBUCUT OT MPO4NX
nepemMeHHbIX.

CpenHee 3HadeHve vepapxum 9 1 CTaHgapTHOe
OTKJIOHEHME 2,5 yKadblBatoT Ha TO, YTO CyLLEeCTBYET
YMEPEHHOE OTKIIOHEHWE OT CPEAHEN nepapXum, MPUHMAas
BO BHMMaHVe AyanasoH vepapxuii mexay 7 1 12.

Ha ocHoBaHun cTonb4artol gyarpammel BUOHO, YTO
B0BLIMHCTBO MEPAPXMIA PyCa UMEKOT HOPMaTbHOE

NN CUMMETPUHECKOE pacrnpefeneHne, ¢ aCCUMETPNEN
pacnpeneneHns Npnban3nTENbLHO paBHOM Homto (Pyc 5.9).
MO>KHO 3aMeTUTb, YTO AManasoH nepapxuin ot 6 o 12
BCTpeYaeTcst Hambosee H4acTo. STO TakKe 04eBUAHO Ha
OCHOBaHUN rpadmka HaKOMUTENbHBIX YacToT.

CronbyaTas guarpamma Takxe NoKasbiBaeT
aCCUMETPUYHOE pacnpeaeneHve no afvHe, LWMpUHe v
N3BUIMCTOCTU pycen B aenbte Bonmm (Puc 5.7, 5.8, 5.10 n
5.14). 970 yka3blBaeT Ha TO, YTO DOSbLLUAsS YacTb SHAYEHWI
MPOTSXKEHHOCTU, LUMPUHBI N USBUIIMCTOCTY PYCen OeNbTbl
Bonru HaxoguTcs B avanasoHe HN3KUX 3HAYEHWI, HIKE
CpeaHero 3Ha4eHs.

[MNpenen paspeLleHns JaHHbIX YCNOXKHAET onpeneneHne
WUCTUHHOIO CPEOHEro 1 CTaHOAPTHOrO OTKIIOHEHNS
LMPUHBI BOMbLUMHCTBA pycen B AenbTe Bonrn. OgHako,
Ha OCHOBaHWM NOSTyYEHHbIX PE3YNLTATOB BUAHO, YTO
cpefHAd WnpuHa 248 M, Npu CpaBHEHW CO CTaHOAPTHbLIM
OTKJ/IOHEHVEM 162 M, 0BHapy>XKMBaET OOLIMPHOE
OTKJIOHEHWNE OT CPEAHEN BENUYMHBI B AMana3oHe OT
86-410 M. bornbluas YacTb LUMPKYHBI PYCa, KOTOPYHO
HEBO3MOXXHO 3aMepuTb, NoanagaeT nog amana3oH 70 m
(51 M Ons yBEMHEHHOM HaCTW) UM MEHBLLIE, YTO CBSA3aHO C
NpeaenoM paspeLLeHnst AaHHbIX Ha M300PaKEHNSIX OeNbTbI
(MpunoxxeHne 1 1 3), MoAyHeHHbIX C MOMOLLBIO NC3.

CyMMapHas KpmnBas 4acToT LUMPWHbBI PyCen B AeNbTe
Bonrm nokaaeiBaeT, 4To 0Koo 50% pycen UMEoT LUNPUHY
oT 70 M 1 MeHbLLe (51 M Ha yBENNYEHHOM YHacTKe) [0
140 M. VIHTEpKBapTUbHbIN OMana3oH CocTaBnsaeT 175

M. Tarkoke, MpeanosaraeTcs, YTO BEPOATHOCTb PYCen C
MeHee OBLLMPHOW LUIMPOTOW BbILLE MO CPaBHEHMIO ¢ 6onee
LMPOKMMM pyCliamm.

Ha ocHoBaHW1 ctonb4aTtol gyarpammbsl i CyMMapHOW
HYaCTOThl U3BUMCTOCTU Ha Puc 5.10, MOXKHO CyauTb, YTO
avanasoH nssnanctocTv ot 1 0o 1,8 xapakTepeH ois
OonbLUNHCTBA pyces1, 3aTeM cledyeT Ananas3oH ot 1,1
0o 1,2, Torga Kak HaMeHee BCTPeYaroLLMINCS AMana3oH
N3BUIMCTOCTU HaxoauTcs mexay 1,22 oo 1,4.

[Mpahrk cyMMapHO YacTOTbl MOKa3bIBaET, YTO
NpmbManTensHO 50% M3BUAMCTOCTU HAXOOUTCS B
npegenax 1-1,1, Ha OCHOBaHMM HYEro MOXHO 3aKJIHO4NTD,
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constructing an object based model. Also the sinuosity is
related to gradient and the volume of water discharge but
independent of other variables.

The mean hierarchy of 9 and a standard deviation of 2.5
indicate that there is a moderate deviation from the mean,
giving a hierarchy range of 7-12.

The bar chart reveals that most of the channel hierarchy
have a normal (or symmetric) distribution, with the
skewness approximately equal to zero (Figure 5.9). It can
be seen that the hierarchy range from 6 to 12 are the
most frequently occurring. This is also evident from the
cumulative frequency plot.

The bar charts reveal a positively skewed distribution for
the length, width and sinuosity of channels in the Volga
delta (Figure 5.7, 5.8, 5.10 and 5.14). This indicates that
most of the length, width and sinuosity of channels in the
Volga delta fall within the low values, less than the

mean value.

The limit of resolution of data made it difficult to determine
the true mean and standard deviation of majority of the
channel width in the Volga delta. But based on the result
obtained, the mean width of 248 m when compared with a
standard deviation of 162 m reveals a wide deviation from
the mean, with a range from 86-410m. Most of the channel
width that could not be measured fall within the range of
70m (51m for enlarged part) or less due to the

limit of resolution on the satellite image of the delta
(Appendix 1 & 3).

The cumulative frequency curve of the width of channels in
the Volga delta shows that about 50% of the channels have
a width of 70 m or less (51 m on the enlarged section) to
140 m. The inter-quartile range is 175 m. It also implies that
the probability of getting channels with lower width is higher
than getting higher channels.

From the bar chart and cumulative frequency of the
sinuosity in figure 5.10 it can be interpreted that the
sinuosity range from 1 to 1.8 for most of channels, followed
by 1.1 to 1.2, while the least occurring sinuosity is between
1.221t01.4.

The cumulative frequency plot reveals that about 50% of
sinuosity fall within 1-1.1, which implies that the channels
have mainly low to moderate sinuosity.

Previous studies by Fielding et al, 1987 utilised dataset from
width, depth and thickness of fluvial channel sandstones

to show the relationship between sand body geometry and
fluvial channel type. Cross plots of various channel types
(such as low sinuosity channel, braided, meandering and
anastomosed channels) where made to obtain width to
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YTO pycria UMEKOT B OCHOBHOM KOHTYP OT ciabo
N3BUIMCTOrO 10 YMEPEHHO U3BUIUCTOrO.

MpenplayLive nccnenoBaHvs, NposeagHHbIe CUNANHIOM
(Fielding) n ero rpynnoi B 1987 rogy Ha OCHOBaHUM
NCMOMb30BaHMA Habopa AaHHbIX MO LUNPUHE, FyOuHE 1
NAOTHOCTW CNOST PEYHBIX OTMOXKEHWI MecHaHVka B pycne,
ObInM NPOBEAEHDI C LIENBIO AEMOHCTPALMM B3aNMOCBA3M
MeXKay reOMeTPUEN NeECHAHOrO FOPU30HTa 1 TUMOM
peyHoro pycna. CpaBHUTENbHbIE MPadUKM Pa3NNYHbIX
TUMOB PYCEN, TakMX Kak pycen co cnabo BbIPaXKEHHOM
N3BUINCTOCTBIO, 3amnNeTEHHbIX, MEaHOPUHECKMX W
Pa3BETBNAOLLMXCS, OblNM BbINOSHEHb! C LIENBO NONYHeHNs
COOTHOLLIEHMS! LUMPWHBI K MOTHOCTU W FyOUHbI
OTHOCUTENBHO NAOTHOCTU. Ha ocHOBaHWUM X rpadKoB
Oblna cocTaBneHa avarpamma pa3bpoca, KoTopas
yKasblBaeT Ha OTCYTCTBME CBS3U MEXOY NMAOTHOCTHIO U
LwmpuHon pycen. MNpu cpaBHeHM ¢ HABOPOM AaHHbIX
N306parkeHnst pycna Bonru, nofny4eHHbIX ¢ MOMOLLBHO
NC3, 605bLLeE KOMMYECTBO MapaMeTPOB, TaKMX Kak
MPOTSPKEHHOCTb, LLNPWHA, N3BUINCTOCTb, MepapXis

N CXema JpeHaxka pycer, MoryT BbiTb UCMOMb30BaHb!.
OnHako, Habop AaHHbIX HE MPEOOCTABASET 3aMepPOB
NNOTHOCTW pycer.

[Mpobnembl ¢ MOPOMETPUEN N30DPaKEHNIA, MOYHEHHbIX
C NoMolLLbto VIC3, BKtoHatoT cnadyto paspeLlatoLLyto
CMOCOBHOCTb, 1 TOT (DaKT, YTO BCE, YTO HAXOONTCS
MeXIy pycnamu, MOXET OblTb OCHOBaHO TOSbKO Ha
NPEeanooXKEHNSIX 1 MOXKET He COBCEM COOTBETCTBOBATL
OEVCTBUTENBHOCT.

NMporpammHuoe ob6ecneyenune Ana moaenupoBaHna 6acceina
CobpaHHble gaHHbIe MOMYT BbiTb UCMONL30BaHbI /15
NCCNeaoBaHWn Heap BO BPEMSA MOAEMMPOBaHUS 4714
nosy4YeHnst obLLEro NPeacTaBNeHNst MPOCTPAHCTBEHHOMO
PacnpoCTpaHeHNA necHaHbIX Tes1, reoMeTpun pycra

M Hann4mns CBﬂ3eI7I, KOTOpPble HYaCTo ObIBaOT HKE
paspeLlaroLLer CMOCOBHOCT CEMCMMYECKOW Pa3BeaKm
N He MOryT BbITb TOYHO MpPeacKa3aHbl HA OCHOBaHWM
HeobpaboTaHHOro MaTepuana. PaznuyHble NapameTpbl,
Takne Kak annHa, 3BMAMCTOCTb W LUMPUHA MOMyT BbITb
BHECEHbI B MOAESlb CAMOCTOATENBHO, HE3ABMCKMO OT UX
MO3MLM B MepapXmn.

MopdomeTpuyeckmini Habop AaHHbLIX MOXET ObiTb
NCMONb30BaH A5 CO30aHNS CTOXaCTUYECKOM TPEXMEPHOW
re0NI0rMHECKON MOOENN HA OCHOBaHMUM NMPOrPaMMHOIo
npoaykTa IRAP RMS, ncnonbays daunansHoe pycno

1 NpoYme MeTodpl. Habop AaHHbIX ByOeT SBNATLCS
PYKOBOACTBOM A1 MOAENer, cosgaBaembix B IRAP, Torga
Kak BBOL, Pa3NnyHbIX NapamMeTPOB (OJMHbI, N3BUANCTOCTA
N LUMPUHBI) OACT peanibHOE OTPaKEHME METEPOreHHOCTA
BaccerHa.

dopma, pacnpegeneHne baccerHa v npupoda
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thickness ratio and depth versus thickness. Their graph
resulted in a scatter plot which shows that there is no
relationship between thickness and width of channels.
When compared with the dataset collected from satellite
image of the Volga delta more attributes such as length,
width, sinuosity, hierarchy and the drainage pattern of
channels can used. However, the dataset does not provide
measurements of channel thickness.

Problems with morphometrics from satellite includes poor
resolution of the image, and the fact that what is in between
the channels can only be based on assumptions as it might
not be closely related to the real scenario.

Application to reservoir modelling

The dataset collected can be utilised in subsurface
studies during modelling to give a general idea of the
spatial distribution of sandbodies, channel geometries and
connectivity which are often below seismic resolution and
cannot be accurately predicted on logs.

Various parameters such as length, sinuosity and width can
be input into the model independently, without worrying
about the position they are in the hierarchy.

The morphometric datasets can be used to generate a
stochastic model in IRAP RMS, Petrel & other reservoir
modelling software using the facies channel and other
techniques. The dataset will serve as a guideline for models
generated in IRAP/other modelling software as inputs of
various channel parameters (Length, sinuosity and width)
will give a true representation of reservoir heterogeneities.

The shape, reservoir distribution and the nature of
connectivity in which the dataset can be applied is typical
of a low energy or mud delta, with many bifurcating
distributary channels which are straight to sinuous, with
discontinuous sands and mud at the shore line. This is
typical of the modern Volga delta, and other examples
include the Mississippi, Orinoco and Lena; all of which are
river-dominated.

From the dataset obtained the, possible sand body types,
which may have been deposited in the system are Major
channel belt sand deposits, overbank or distributary channel
sand, and lobes/sheet sands with swamp or marsh deposits.

In a large reservoir such as those of the productive series
of the Caspian Sea, the dataset can be used to define the
geometry of the Volga delta which will signify where in the
reservoir distribution is a major channel sands or overbank/
branching channel sand.

Based on the dataset obtained, the mean sinuosity

of 1.1 can be modelled effectively in IRAP for all parts
of the delta. This is due to the low standard deviation
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EXPLORATION M

B3aMMOCB$A3€el, B KOTOPOW MOXET ObITb MPUMEHEH
HaboP OaHHbIX ABASETCA TUNMYHOW ANns cnabo-
SHEPreTUHecKon NN rpA3eBomn AeNbTbl, CO MHOTUMN
BUNKOOOPA3HbIMI PyKaBamMi OT MPSAMbIX OO U3BUAUCTbIX,
C MPEPLIBNCTbIMU NECKAMM U MPSI3BIO MO BEPErOBOM MNHUM.
OTa KapTuHa ABNSETCA TUMUHHOW ON151 COBPEMEHHOM
nenbTbl Bonm, gpyrme npumepsl BKtoHatoT Muccmuennu,
OpuvHOKO 1 JleHy.

Ha ocHoBaHuu Habopa AaHHbIX MOXXHO MOYYUTb TUMbI
necYaHbIX FOPU30HTOB, KOTOPbLIE MO ObiTb BBEAEHbI B
CUCTEMY 1 KOTOPbIE SBNSKOTCA OCHOBHbIMW MeCHaHbIM
OTNIOXXEHVISIMI pycna, MOMMEHHOro pycna unm
OENbTOBNOHOMO pykaa, BrnaauH/ mnacToBbIX MecHaHbIX
3anexen ¢ 60N0TUCTbIMU OTNIOXEHNAMMN.

B 6onbLiomM 6acceliHe, TakoM Kak MPOAYKTVBHbIE
HedTaHbIE MeCcTopoXXaeHNs Kacnminckoro Mopsi, Habop
OaHHBIX MOXXET BbITb MCMONB30BaH /19 OnpedeneHns
reoMeTpun AenbTbl Bonrk, Ha OCHOBaHWM Yero MOXKHO
MPOrHO3MPOBaTh, IAE B pacnpefeneHnn baccenHa
HaxoOsATCA OCHOBHbIE MECKW PyCa UK NECKM MOMMEHHOMO
/pa3BeTBNEHHOro pycna.

Ha ocHoBaHM1 Nony4eHHOro Habopa gaHHbIX,

MO>XHO 9(hHEKTUBHO MOCTPOUTb MOAENb CPEOHEN
n3smunmuctocT 1,1 B IRAP gns Bcex YacTten genbTbl. 910
6narogaps TOMy, YTO HU3KO-CTaHOAPTHOE OTKIOHEHME
0,09 n 3HaveHve nssmnmuctocTn 1,1 npencraBngaeT
M3BUIINCTOCTb OT HU3KOW OO0 YMEPEHHON, YTO SBSIETCA
TUNNYHBIM ONs AenbTbl Bonrn. MogenuposaHme

Oy[OeT OCHOBAHO Ha XapakTepPUCTUKE AOHHbIX

HaHOCOB, NoApPasyMeBaeMbIX Ha OCHOBaHUM BapuaLmin
N3BUNNCTOCTU, Cpeabl OT/IOXKEHUM U CPaBHEHUS C
aHanoroBbIMN MECTOPOXXOEHUSIMU, TaKUMW Kak AenbTa
Mwuccucunu.

3akniouenuna

»  KonnyectBeHHble JaHHble OyayT MCMOMB30BaHbI As
OOBEKTHO-OPUEHTUPOBAHHOIO MOOENMPOBaHA
BaccetHoB Kacnminckoro Mopsi C ccTeMamu,
aHaJIorM4HbIMK COBPEMEHHOM AenbTte Bonrm, Hanpumep
Muccrennu, OpuHOKO 1 JleHa (Bce, AOMUHMPYEMblE
pexkamum).

» COBOKYMHOCTb CTATUCTUYECKMX AaHHbIX, COBpaHHbIX
Ha OCHOBaHWUW OuarpaMm reonanHecKmnX
NCCNeoBaHUn CKBaXKNH U AaHHbIX CeMCMOpa3BeaKu,
MOXXET ObITb MCMNONb30BaHa A5 BBOAA B NOCTPOEHNE
Mogdenm bacceliHa anst cosgaHns 6onee NogpobHON 1
TOYHOM MOAENM MOA3EMHbIX TEHEHUI.

» Habop gaHHbIX MO3BOSET coObpaTh aHanorm
pPEe3epByaPOB Ha U3yHaeMbIX MIOLLAAKAX U TakKe
0aeT obLLee NpeAcTaBeHne O NMPOCTPaHCTBEHHbIX
pacnpeneneHnax necHaHbIX roprusoHTOB Ha MuioLLaaKax
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of 0.09 and the value of sinuosity 1.1 represents low

to moderate sinuosity typical of the Volga delta. The
modelling will be based on the bed load characteristics
inferred from the sinuosity variations, the environment of
deposition and comparison with analogue fields such as
the Mississippi delta.

Gonclusions

» The quantitative data will be useful in object based
modelling of the Caspian Sea reservoirs and modelling
reservoirs with systems similar to those of the modern
Volga delta e.g. Mississippi, Orinoco, & Lena (all river
dominated).

» The statistics from the data combined with well log &
seismic data can be used to populate a reservoir to
create a more detailed & accurate subsurface
flow model.

» The dataset allows us to collect reservoir analogues in
assessable areas and also give a general idea of the
spatial distribution of sandbodies in areas below seismic
resolution.

» The length, width and sinuosity of channels in the Volga
delta can be input into a model independently
irrespective of the position they are in the hierarchy.

» The dataset can be synthesised into cumulative
probability curves which provide a quick look at P10,
P50 & P90 of reservoir character.

» The dataset collected can be used to generate an
object-based model in softwares such as IRAP or petrel,
as inputs of variables; length, width, sinuosity will give
true representation of reservoir heterogeneities.

» Measurements of quantitative architecture derived from
seismic data in fluvio-deltaic systems can be integrated
with measurements collected from the satellite image of
the Volga delta to better improve the quality of the
reservoir models.

» The use of sedimentological analysis, core reports
and well logs will further assist modelling reservoirs,
when combined with the dataset collected.

» More study of several datasets in fluvial deltaic
facies is recommended to provide more quantitative
geomorphology.
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