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Abstract: In following paper different hydraulic flow units approaches has been researched applied to
the Kazakhstan reservoir. Hydraulic Flow Units method is the petrophyiscal method to understand the
reservoir by dividing it to units with the same flow characteristics. This methodology uses core data to
develop an understanding of the complex variations in pore geometry within different lithofacies. Similar
flow characteristics is controlled by the pore geometry ofthe rock. In other words Hydraulicflow unit can be
described as: total reservoir rock within which geological and petrophysical properties that affectfluidflow
are internallyconsistent and predictably differentfrom properties o fother rock volumes.

Winland R35 method have been applied to classify core datafrom different reservoirs. Turgay Basin's sandstone
has evaluated comparing to limestone and shale reservoirs through RQIs and R35 Windland plot. We can
say that this reservoir very heterogeneous and is mainly in conventional andfast delivery reservoirs area.
Reservoir quality index has been applied to distinguish the type ofreservoir usingplot ofSouth Turgay's basin
reservoir comparing to Tengiz oilfield petrophysical data and Bakken shale oil reservoir permeability and
porosity data.
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OH,TYCTIK TOPI'A/ BACCEMHIHLL, WLWOTIHAI TAY XXbIHbIC KOJTTEKTOPbIHbIL]
MMAPABJTMKAJbLW, AT bIM BIPTIKTEPIMEH KOMIMTIEKCTIK TANOAY

AugaTna: Ocbl Mauanaga ruapasnvkansiy arsiM 6ipnikTepgiy LiasalcTaH Pecny6aMkacbiHa opHanacLaH
KonnekTopra Tanjay sgicTepi uapacTbipbinrad. Mnapasnukanbiy, arbiM OipnikTep KoAnekTopabl bipHelue
cunaTTamanapbl yucac 6nokTapra 6snin Tangay neTpodmsukansil agici. Ocbl aficTeMe KeyeKTepaiy,
reoMeTpuacblH 6ip nMToauuacbiHaarel B3repicTepAi aHblyTayra apHairad. bacualwa aiTuaHza,
rugpasnmkanbily arbiMm 6ipairin 6binail cunaTTayra 6onafdbl: 6ip LA6ATThIL Tay >XbIHbICbIHbIL, ILUiHAET
NeTpPoU3NKasbIL, XKIHE FeoNorusanbIL, LaclTTepi AT, arbiMblHa 3cep eTin, 6acua Tay >KbIHbICTaH
a>KblpaTbinybl Typasnbl. Ockl 3epTTeyge WinlandR35 agici KepHHiL neTpodusnkansil LaclTTepiH Tangay
YwwiH uongaHrad. Tanaay 6oiibiHLIA KONNEKTOPBTE GIpTEKTi eMeC eKeHiH >K3He KBN TapanraH >K3He 6epillTiri
MO/ KoNekTopnapra>xaTaThbiHbl KBpceTinreH. KonnekTopabll, cana MHAEeKC KONNEKTOPAbIL canacbkiH Tewi3
>K3He bakkeH KeHopbIHAAPbIHbIL NeTPodU3MKabIL aunapaTneH canbiCTbIPblibiN aHbILTanraH.

TYMHdi cB3gep: rugpasnvkanbil, arbiMm 6ipnikTep, neTpodusMKa, KONNeKTOopAbly OGIpTeKTi emecTiri,
BTKI3riWwTiK arbiM, BuHnang P35 rpadwi
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KOMMIEKCHbI AHAN3 TEPPUTEHHOIO KOJI/IEKTOPA FKOXKHO-
TYPIANCKOIO BACCEVHA TMAPAB/IMYECKUMU EAVNHNLUAMMK MOTOKA

AHHOTaumMA: B 3To cTaTbe ObiM UCCNEA0BaHbI Pa3NNYHbIE MOAX0LbI MPUMEHEHUS TMAPABNNYECKUX eANHNLL
NMOTOKOB NPUMEHNTENBHO K Ka3zaxCTaHCKOMY KonnekTopy. MeTof rufpasnnyeckmx noTOKOBbIX eAUHNL, -
3TO NeTPOdU3NYECKN A MeTOL, MO3BONAKLWMNIA onucaTb nAacT, pasfenve ero Ha 610KM C OAMHAKOBbIMU
XapakTepucTUKaMu NoToka. 3TaMeTOo0N0rMA UCNONb3yeT OCHOBHbIE jaHHble, YT 00bIPa3BUT b NOHUMaHWe
CNO>KHbIX U3MEHEHWI B reoMeTpuUu NOp B MpeAenax pasiuyHbiX iuTodaumnii. Mofo6Hble xapakTepucTUKu
MOTOKA KOHTPONMPYHOTCA TreoMeTpuein mop nopogbl. [pyruMu cnosamu, rugpaBaMyeckas eguHuLa
NnoTOKa MOXKET ObiThb OnMcaHa Kak: 06LWas nnacToBas nopoja, B npefenax KOTOPON reonornyeckue u
neTpodu3nyecKme CBONCTBA, KOTOpbIE BAMAT Ha NOTOK (htonga, BHY TPEHHe CornacoBaHbl 1 NpeAckasyemo
0T/MYalTCa 0T CBOMCTB Apyrix o6bemos nopoabl. MeToa Winland R35 6bin npuMeHeH Ans KnaccuduKkaw i
[aHHbIX KepHa M3 pasHbiX KonnekTopos. lMecuaHuk B Typraiickom 6acceiiHe Obl1 ONUCaH B CPaBHEHUM C
3BECTHAKOBLIMM 1 CNaHLEeBbIMI KonnekTopamu no rpaukam RQI n Windland R35. Mo>XHO ckasaTb, 4TO
3TOT KONNEKTOP O4eHb HEOAHOPO/EH U HAXOAMTCA, B OCHOBHOM, B30HE LUMPOKOPACNPOCT PaHeHHbIX MX0POoLLO
N3BNEKAEMbIX KOMNEKTOPOB. VHAEKC KauyecTBa KONNEKTOPOB OblN NPUMEHEH AN ONpefeneHus KavecTBsa
KOMNeKTOPOB C UCMO/Mb30BaHMEM rpadika no CpaBHeHUo C NeTPOU3NYECKUMUN [aHHBIMU MECT OPOXKEHMUA
TeHruns n bakkeHckoro cnaHua.

KntoyeBble cioBa: ruapasnmyeckue eauHuLbl N0ToKa, NeTpopusnKa, reTeporeHHoCTh KOMeKTopa, NoTokK
B NPOHMLaemMocTu, rpaduk BuHnang P35

1.Introduction

In following paper we analyzed Sandstone bedding contacts and nature of permeability

reservoir from the Kazakhstan’s South Turgay
basin’s T-field by the Hydraulic Flow Unit
method. As we can conclude field has not been
analyzed using HFU method before.

Huydralic Flow Unit method theory was
firstly suggested by Amaefule et al [1] and
developed by the further researchers.[2]

Hydraulic Flow Units method is the
petrophyiscal method to understand the reservoir
by dividing it to units with the same flow
characteristics. This methodology “ uses core
data to develop an understanding ofthe complex
variations in pore geometry within different
lithofacies.”[1] Similar flow characteristics is
controlled by the pore geometry of the rock. In
other words Hydraulic flow unit can be described
as: “total reservoir rock within which geological
and petrophysical properties that affect fluid flow
are internallyconsistent and predictably different
from properties of other rock volumes.”2

Hydraulic units are related to geologic facies
distribution. But do not necessarily coincide with
facies boundaries. Therefore, hydraulic units
may not he vertically contiguous. Hydraulic units
are often defined by (a) geological attributes of
texture, mineralogy, sedimentary structures,
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barriers and by (h) petrophysical properties
ofporosity, permeability and capillary pressure.
[1]
Permeability can be evaluated
following equation: 2 " ”
k=1014*FZI

using

0)

where 1014 is the conversion factor for
permeability from pm to mD.(Svirskyi et al )[3].
Hydraulic flow units can be used for prediction
and classification of the two phase properties of
the rock such relative permeabilties and capillary
pressure.[3]

“Theory ofthe HFU approach classification
is based on assumption, that porous medium can
be represented by a bundle of capillary tubes.
Combination of Darcy’s law and Poiseuille’s law
for straight cylindrical tubes yields following

relationship” :
K TO "dn ®
The relation between porosity and
permeability depends on geometrical

characteristics of the pore space - pore size
(radius) and pore shape (here, 8 - for cylindrical
tubes). For a realistic porous medium Kozeny
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and Carmen have modified Eq. 1 by adding a
tortuousity factor tt and using mean hydraulic
radius, epxressed through surface area per unit
grain volume Sgv. The resulting generalized
of Kozeny-Carmen equation has the following

form: @ i @ i
k= 3)

whereFsis the shape factor, k is in gm2and deis
a fraction.

The group Fst2 is known as the Kozeny
constant and was a main limitation in previous
attempts to use Eq. 3 for calculation permeability,
because actual values ofthe Kozeny constant are
usually not known for particular rocks, and the
term Sg/2was not accounted in calculations.

The HFU approach addresses variability of
the Kozeny constant and the term Sg2term by
classifying parameter FZI (flow zone indicator),
which includes all major geological and
geometrical characteristics of a porous medium:

FzI
(4)

The idea of the HFU approach is to
group data according to the FZI values and
other petrophysical information using various
statistical and graphical methods to obtain
classification of the HFU.

To simplify graphical analysis of the data,
two additional parameters, RQI (reservoir
quality index) and ¢z (ratio of pore volume to
grain volume) are defined:

RA=[£fE )

(04 (6)

Using the above parameters, Eq. 8 can be
rearranged as follows:

log RQI = log ¢z + log FZI @)

According to Eg. 7, a log-log plot of RQI
vspzyields a straight line with unit slope and the

intercept equal to FZI. Hence, all data points
corresponding to one HFU should lie on the
same line.[1]

2. Conventional and unconventional

resources petrophysical properties

comparison

Generally, hydrocarbon resources reservoirs
can be classified by the flow units to get better
understanding of the reservoir analogues and
overall understanding of reservoir properties.

Endowment is the summation of cumulative
gas production, reserves and undiscovered gas.
Delivery speed, which controls the definition of
flow units considered in this research, decreases
as we move down the pyramid from conventional
to unconventional gas reservoirs. [4]

Conventional and Unconventional
Reservoirs

conventional gas, tight gas, shale gas and coalbed methane
reservoirs (Adaptedfrom Aguilera etal., 2008).

Turgay basin’s sandstone reservoir has
porosity 15-22% and permeability 0.031 to
0.22mDand Tengiz limestone reservoir has
porosity and permeability, comparing to 0.1-
24% and permeability 1to 30 mD, while Bakken
Shale porosity 5% and permeability 0.04 mD.

Making different range of the conventional
and unconventional resources porosity and
permeability study we can easily classify other
potential oilfields to the groups according
to analogues. Analogue fields can be act as
references and case studies to develop oilfield or
make geological model.
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Fig.2-Permeability-Porosity relationshipfor differentports sizes.From Steve Sonnenberg, Colorado school ofmine, Core analysis
and Unconventional Reservoirs [5]

As we can see from fig. 2 - different rocks
has different port size that depends on porosity-
permeability. In this case South Turgay basin’s
sandstone will be in mesopores and macropores
area. That is in conventional reservoirs
classification.

Another petrophysical statistical method
applied in this study is Reservoir Quality Index

that can be used to describe the reservoir property.
Plotting data of three types of reservoirs (Fig.
3) sandstone, shale and limestone can help to
classify our reservoirs according to flow units.
As we can see in plot tight reservoirs can have
even lower RQI than the shale reservoirs.

Figure 4 demonstrates that shale reservoirs
laying in the 0,5 micron aperture size (microport)
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Fig.3 -RQI - ¢b-plot ofthe Sandstone (Nuraly), Shale (Bakken) and Carbonate (Tengiz) types ofreservoirs.
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Fig.4 - Winland r35plot o fthe Sandstone (Nuraly), Shale (Bakken) andCarbonate(Tengiz) types ofreservoirs.

area. Sandstone reservoir has biggest aperture
size - megaport type. While the carbonate is
laying mostly in mesoport area r>1 micron. That
plot shows same properties as figure 2.

Conclusion

Study gives a understanding of geology
of the reservoir and can be used for net pay off
estimation. Heterogeneity of reservoir can be
evaluated with this methods. That will can be
used for EOR studies like polymer injection.

Turgay Basin’s sandstone has evaluated
comparing to limestone and shale reservoirs
through RQI’s and r35 Windland plot. We can
say that this reservoir very heterogeneous and

is mainly in conventional and fast delivery
reservoirs area.

Nomenclature

FZI - Flow Zone Indicator

GR - gamma ray response

HFU - Hydraulic Flow Unit

k - permeability

r - poreradisus

RQI - reservoir quality index

Sgv - surface area per unit grain volume
te- effective porosity

¢r- ratio of pore volume to grain volume
p - density

t - tortuousity factor
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