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Dear Colleagues,

It is a great honor for me to host you allfin§ International Conference on
Computational and Experimental Science and Engineering (ICCESEN
2 0 1 %akea pace at Limak.imra Hotel and Resort, KemémtalyaTurkey in
the period of 2327 October 2019.thank you toall participants, invited speakers, all
committe merbers and reviewers.

We are also happy to publish the proceeding of ICCE3&M. All papershave
been reviewed bgeviewers. | am hopmto meet you all in ICCESER020
Prof. Dr. Kskender AKKURT

Chair for ICCESEN2019
Editor for Proceedings of ICCESERD19
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Simulation of Rock Breaking Efficiency under Various Shapes of Impact
Drilling Loa ds

Yandong Yang!2, Hualin Liao1-2*, Jiansheng Liut-2, Jilei Niul-2
1 China University of Petroleum (East China), School of Petroleum Engineering, Qingdao, China
2 Ministry of Education, Key Laboratory of Unconventional Oil & Gas Development (China Uitjvefs
Petroleum (East China)), Qingdao, China
*18266211690@163.com

ABSTRACT
It is demonstrated that if a dynamic load was applied above the drill bit, the penetration rate cou
be efficiently improved in percussive drillinghe objective of this reseadr was to simulate the
practical percussion drilling with various types of load, thereby proving a quite efficient and lowe
cost drilling as well as the exploration of hard formations. In this paper, a 3D physical rock an
drill bit model was establishetb compare the drilling performance with the exponential, the
rectangular, the triangular and the sinusoidal shape of impact load. In addition, the physical moc
was validated with experimental data. The results demonstrated that the drilling perfowitance
the rectangular and sinusoidal loads was improved than the other shapes of impact loads at
same amplitudes. The research could provide a theoretical guidance for the design-bbldown
percussion drilling tools.

KEYWORDS- Knpact well drilling; energy transfer efficiency; rock breakage; incident stress
wave

1. INTRODUCTION
The essence of drilling is to solve the interaction problem between the drill bit and the rock, ¢
well as to improve the drilling speed through the efficiency increasectaftreakagg1, 2]. Due
to thevarious designs of rotary drilling tools as well as of working conditions, impact loads of
various characteristics will be generated during imga8ctd]. In addition to the experimental
method, the finite elemenivas implemented to simulatéhe rock breakage proced®, 6].
Comparedto tesing, the 3D simulationcould deal with complicated boundary conditiodss an
example the ROP (rate of penetration) or displacenwntid beobtaired under the specific types
of dynamic bad.Consequentlythe rock breakage simulatiovasconductedwith different types
of dynamic load in this paper.

2. METHODOLOGY
2.1.PhysicalModel Definition
The physical model of bit and rock interaction was shown in figuhe oil and gas drilling
process, the drill bit which connected to the drill string was applied on the formation, the drill bit
move forward through the drill collar deliver WOB on the drill bit. PDC drill bit was commonly
used in the modern well drilling. Therefore, in this paperpe- PDC bit model was used to
verify the theoretical analysis.

2.2. Governing Equations
The main constitutivanodelsof rock model were the MoHZoulomb and the Drucked?rager
criteria, whereas the-P criterion was from the NC criterion.

2019.iccesen.org iccesen2019@gmail.com
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The intermediate principal stress and the hydrostatic pressure were accounted for P the C
criteria, whereas the 4B criterion overcome the M criterion weakness; énefore, the EP
criterion was applied in the simulation.

3. RESULTS and DISCUSSION
In the percussive drilling, the impact energy was transmitted through the form of the stress wav
and the waveform of the stress energy was affect by the impact drillohg different tools
corresponded to the different incident stress waves. In this paper, four various incident stress we
were discussedn order to obtain the influence of the shape loaded above the bit on the ROF
WOB varied as sine, rectangle, triangled exponent shape were applied on the bit, and the static
load is 50kN, the amplitude of dynamic load are 10, 20, 30 and 40kN respectively, RPM i
104r/min, and frequency is 10Hz.
Figure 2 shows the penetration depth of sine, triangle, rectangle amdeexpvave shaped loads.
It can be seen that with the increasing of the impact load, the ROP increased as well; when
impact load is 0, that is, under the static load, the drilling velocity are same; however, whe
dynamic load were applied on the bitetdrilling velocity is higher than that under static load, it is
indicated that drilling performance is excellent under the combination of static and dynamic load.
In addition, generally, ROP under sine and rectangle shows similar performance, arithdoetter

2019.iccesen.org 2019%@epeail.com
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that of expoent and triangle load apparently, and the higher impact load, the difference of drilling
performance is more obvious. At the same time, drilling velocity under exponent and triang!
shows similar tendency, however, the penetration depth is lower thaafthiste and rectangle
significantly.

4. CONCLUSION
A 3D simulationof rock breakagevasconductedo investigateherock breakagefficiency. The
results of the study demonstrated thaffedent incident stress wave corresponded to a certain
dynamic loadshape, it is indicated that load shapes of the sine, triangle, exponent and rectang
shaped matched to the wave shape of incident stress. After the comparison of simulation a
experimental results, it is indicated that the rbikinteraction physical odelis efficient and of
less prediction error, and it can be used to predict and compare the drilling performance unc
sine, rectangle, triangle and exponent wakiaped loadTheoretically analysis shows that the
energy transfer efficiency of sine arettangle load shows the similar performance, and the result

2019.iccesen.org 2019%@epeail.com
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is highly in agreement with the simulation results. Therefore, the impact drilling too can be
designed to generate a certain shape of load, for example, sine or rectangle.
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ABSTRACT

All living things in the world have been living under the influence of natural radioactivity caused
by long halflife radionuclides since the existence of the universe. The swamce of this
radioactivity is terrestrial radiation from the earth. Terrestrial radiation may vary according to th
geological structure of each region. In this study, natural radioactivity levels of sand sample
collected from different points of Ayazmeoast in Istanbul were measured using gamma
spectroscopy system containing Nal (TI) detecldre average activity concentration values of
?°Ra,?**Th and*K from the studied are 30.07 Bq/kg , 32.43 Bg/kg and 372.6 Bq/kg respectively.

KEYWORDS- Naturd radioactivity, Ayazma beach, Gamma spectroscopy,

1. INTRODUCTION
Humanity has been directly or indirectly influenced by various radioactive sources throughot
history. Weltknown sources of this external ionizing radiation are cosmogenic irradiation anc
primitive natural radioactive elements based on the earth's crust. These two types of radiation
considered as the source of Naturally occurring Radioactive Substances (NORM). Radionuclid
can be found in nature, air, soil and water. People are exposedribus types of radiation
depending on the geographical conditions they live and the living standards in which they live
Investigating the risk of ionizing radiation to the public is still one of the most attractive subject:
among scientists.[1,2] Thaost important terrestrial radiation sources which have been exist since
the creation of earth af&, %Ra, and®**Th. All these three radionuclide¥K, *Ra, and?**Th;
have very long halfives 4.47 x 109, 1.41 x1010 and 1.28x1010 years, respbciB].
Environmental components, such as soil and sand, are often used in buildings where a large pa
human life is spent, as they are the main source of human exposure to continuous radiation.
addition, these components allow the transport dforauclides to other environmental factors
such as water, air, sediment and biological systems. Therefore, environmental samples are
important component in assessing the radiological exposure of living things and in determining t
level of environmentaradioactivity. Therefore, determination of radionuclide activities in
environmental formations such as stone, soil and sand, which have a wide usage area as builc
material, has gained importance especially for human health. [2]. Numerous studidsebave
conducted to determine the amount of natural radioactivity in sand samples in many regiol
around the World [4L1].
In this study,*, #*Ra, and ?**Th concentrations were measured by gamma spectrometer to
determine the natural radioactivity levetsf the sands <collected f
Kstanbul

2. MATERIAL AND METHOD
In this study, sand samples have been collected from Ayazma Beach. After collection of sample
they were crushed and dried until 2000C in an oven for about 24 h. The driptésdave been
filled in a cup which is sealed tightly with a thick tape around its neck to limit any gas escape froi

5

2019.iccesen.org 2019%@epeail.com



Proceedings of CCESEN019 -2723ctober 209, Antalya-TURKEY

it, and stored for four weeks to get secular equilibrium to be achieved between 238U and |
progeny [5].

The radioactivity concentratis of 226Ra, 232Th and 40K in sand samples were determined using
a gamma ray spectrometry consists o-Chammel 30
Analyser (MCA). The spectrum is analyzed using the MAESTRO32 obtained from ORTEC. Thq
schematic vievof the experimental system has been shown in Figure 1.

Sample

PC

‘ [\

PIeMSs qd

H.V.

Figure 1. Schematic view of gamma Spectrometer and electronic units

Before measurement the system should be calibrated. This is doné*(Gmgnd°Co radioactive
sources, whrayerar pyodfic 66 2, 1173 and -rdy3@a@runk e V
obtained from the mentioned source and related fit has been displayed in Figure 2.
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200 R2=0,9981
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Figure 2.T h eray®nergy spectrum obtained frdfiCs and®®Co sources (upper) and related fit
channelversus energy (keV).

Energy (keV)

The spectrum is analyzed using the MAESTRO32 obtained from ORTEC. The measurement w
based on recording natural radioactivity quantities of three naturalil@nglements?*Ra, %*Th

and “ which are considered the photopeaksl @60, 2610 and 1461 keV respectively, in the

n at u-raydpectumd]. An exemplary spectrum obtained from the measurements is shown in
Figure 3.

The activities for the natural radionuclides were calculated using the following rekition [

N
A(Ba/kg) = Cotm (1)
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Figure 3. Spectrum obtained from measurements.

128 4

where A is the activity of the radionuclide in Bg/kg, N is the net peak area under the mos
prominent photo peaks calculated by subtracting the respective count rate from the backgrou
spectrum obtained for the same counting time. Theatt rate in the measurement is calculated
from the background subtracted area of pron
the specific gamma ray, 2 the absolute trarl
(s) and m the nss of the sample (kg).

3. RESULTS AND DISCUSSION
The measured activity concentrations of primordial radionucfitfeg, 2*2Th and*K in the sand

samples collected from various locationg\iyazmaBeach aréllustrated in Figure 4 and.5

45 4
 Ra-226
W Th-232

a0
35 4
30 -
25 -
20 4

15 4

Activity concentration (Bq/kg)

10 4

5

o 4

Ayazma-1 Ayazma-2 Ayazma-3 Ayazma-4 Ayazma-5 Ayazma-6 Ayazma-7 Ayazma-8

Figure 4. The adivity concentration of?Ra and®*Th in sand samples

It can be seen from Figure 4 that for tfféRa activity concentration, the smallest value was
measured in the Ayazriasample and the largest value was measured in the Ayazample.
For 2**Th adivity concentration, the smallest value was measured in the AyZzaaple and the
maximum
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Figure 5. The activity concentration 8fK in gravel samples

value was measured in tilgyazma2 sample. It can be seen from Figure 5 that*fer activity
coneentration, the smallest value was measured iAflezma6 sample and the largest value was
measured in thAyazma3 sample.

The mean®Ra activity concentrations obtained for sand samples were lower than the worlc
average stated iWNSCEAR 2000 reports?*?Th activity concentrations were higher afi%
activity concentrations were lower.
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ABSTRACT
Effective generation odbngitudinalwave and efficient transmission of acoustic energy in limited
downhole space are prerequisites for stable and-d@stgnce trasmission of acoustic wave in
drill string. Soan efficient and reliable generator are of great significance for field application of
downhole acoustic signal transmission technology. In this situation, based on the impact
acoustic radiation mode of giammagnetostrictive transducer on the acoustic propagation
characteristics in drill string, a downhole acoustic generator is designed. The influence of acous
radiation mode of transducer is analyzéithe resultindicates that: Giant magnetostrictive
trarsducer is an ideal downhole acoustic transduidee. transmission of downhole information by
plane wave in drill string is very beneficial to the stability of acoustic signal and the signal qualit)
of receiving endWhen the center single point horn sturetis used to radiate the acoustic wave,
the ideal plane wave can be obtained in the drill string

KEYWORDSI Acoustic waveTransducer, Generating device

1. INTRODUCTION
The safety in the process of oil and gas drilling has always been the focus tHymetszientists,
and the fast and accurate transmission of downhole information is the premise of safe drilling[1
Acoustic telemetry technology is a wireless transmission technology with acoustic wave as carri
and drilkstring as transmission channiilhas been widely studied because of its advantages of
low cost, high speed and easy directional transmission[2]. The downhole information acoust
telemetry system is the key to realize the field application of the technology, and the acoust
generatoris the core component of the systewhich mainly solves the conversion between the
downholeelectric energy and acoustic endBy%].
In this paper,a downhole acoustic generatordssigned bsed on the giant magnetostrictive
transducerand the experinmgal research on the influence of transducer installagipe on the
acoustic transmission effect is carried dudcording to the test results,is a very effective way to
transfer sound wave from transducer to drill string by using a. fidre parametrs of acoustic
horn in the generator amdso designed. These results are helpful to reduce the attenuation o
acoustic wave and realize the field application of acoustic telemetry technology.

2. DESIGN PROCESS
2.1.Transducer
The giant magnetostrictive traducer has the advantages of large strain, high output power, higt
controllability, compact structure and wide range of working temperature wgeeerang
longitudinal wave, which is the first choice of transducer wfmainhole Its structurds shown in
the figure 1. When the transducer is working, the pulse current generated by the pulse powe
supply is applied to the excitation coil of the transducer, and the giant magnetostrictive rod wi
expand and change under the action of alternating magnétic\iibich will convert the electric
energy intothe mechanical vibration of a certain frequency, with the main frequency of 800 Hz
and the working frequency band width of 20 Hz ~ 25 kHz.
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Excitation coil Terfenol-D Stick Disc Spring Radiation head

Counterweight y X y

Preloaded Bolt

End Cover Shell Magnetic Circuit Emitter Connecting Rod

Transducer parameter
Length: 350 mm Diameter: 38 mm Weight: 4.4Kg

Figure 1. Structure of Gant Magneostrictive Transducer

2.2.Design of acoustic radiation mode

The mode of acoustic radiation refers to the mode in which the acoustic wave enters the drill stri
from the transducer, which determines the transmission efficiency and the propagatic
charateristics of the acoustic wave in the drill stringccording to the characteristics of
transducer and drill string section, two types of acoustic radiation are desifyps 1 isa
circumferential multipoint radiation mode, in which multiple transducersare uniformly
distributed around the crosgction of the pipe string to transraitoustic waveo thedrill string

type 2 isa central singlepoint radiation mode, which uses the structural idea of the horn to install
the transducer on the small enddaxf the horn at the axis of the drill string ahd acoustic wave
from the transducer isansmited tothedrill string through the horn.

The transmission of downhole information by plane wave in drill string is very beneficial to the
stability of acousic signal and the signal quality of receiving end. Therefore, in order to select the
better type the testleviceas shown in the figur2 is designed to analyze the acoustic propagation
effect of different transducer acoustic radiation modes.

Type1: Circumferential multipoint radiation

——— Transducer ) Accelerometer

Power supply { |

Signal generator Signal modulator

Transducer Oscilloscope

Type2: Axial single point horn radiation
Figure 2. Test Device of Acoustic Radiation Mode

From the test results shown in Figure 3, using type 1 to obtain the difference between tl
amplitudes of the acoustic waves measured by the four accelerometers uniformly distributed on 1
same receiving surfacef the receiving end is obvious. In comparison, the type 2 obtained at
different receiving points of the receiving end does not have obvious waveform and amplitud
Differences can achieve better acoustic propagation effects. Therefore, Type 2 sen@masfa f
installation of the transducer in the downhole acoustic wave generating device.

11
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Figure 3. Test Results

2.3.Downhole acoustic wave generator device

According tothe acoustic radiation mode of the designed giant magnetostrictive transducer, tf
downhole acoustic generator as shown in Figure 4 is desi§ibdn thedeviceis working
downhole the measured downhole information is transmitted to the encoding arstddamy
circuit through the detecting instrument connecting tube to encode and transcode the signal, ¢
then transmitted to the transducer driving circuit for amplification, and the transducer is driven t
convert the electrical signal into acoustic sigraaliation. Transfer into the drill string to achieve
the occurrence of downhole information acoustic signals.

Acoustic signal generating unit

Measuring instrument

connecfion device Poer supply Transducer Hom

PR NN T I =
T e e i ,Tti'j'* nyn
- T 7 UG s

oy - S = —— — L T

Coding circutt Transcoding circuit Transducer drive circuit

Figure 4. Structure of AousticWave GeneratorDevice

3. CONCLUSIONS
Giant magnetostrictive transducer is an ideal downhole acoustic trensiibhe transmission of
downhole information by plane wave in drill string is very beneficial to the stability of acoustic
signal and the signal quality of receiving eldhen the center single point horn structure is used
to radiate the acoustic wave, tideal plane wave can be obtained in the drill strBased on the
results, a downhole acoustic generator is designed.
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ABSTRACT

The deepwatedrilling gas intrusion monitoring method based on-ligsid two- phase flow
identification of the riser is an ideal early monitoring method for gas intrusion and has grec
development potential. In this paper, the sound field in thdigird two-pha® flow of the riser

ring is studied in detail by numerical simulation method. Starting from the influence law of the
drill pipe on the annulus sound field, the sound pressure level distribution on the probe placeme
(outer wall of the riser) is analyzeahd the possible placement position of the probe is determined
according to the analysis result. The excitation pulse frequency is optimized by calculating tt
sensitivity field of the annulus.

KEYWORDS- Gaskick detectionpPrill -pipe, Sound field

1. INTRODUCTION
The combination of wellhead device and blowout preventer for deepwater drilling is located und
water and has a certain distariicem the platform. As the water depth increases, the proportion of
drilling fluid in the conduit above the blowoutguenter will increase. At the same time, due to the
low temperature and high pressure environment of the seabed, the equivalent size is still si
when the gas invading the wellbore reaches the wellhead or even the riser, making it difficult 1
monitor the gas volume[4]. If the gas kick is not detected early, the gas entering the riser will be
releasedquickly as the pressure is reduced, which may induce a serious blowout accider
Therefore, how to effectively achieve early monitoring and find thairgassion becomes the key
to deepwater well controlB].
In this paper, the sound field in the-fgquid two-phase flow of the riser ring is studied in detail by
numerical simulation method. The influence of the drill pipe on the sound field of theuansul
studied, and the distribution of sound pressure level on the probe placement (outer wall of t
riser) is analyzed. Then, according to the analysis result, the possible placement position of t
probe is determined. The excitation pulse frequencgptimized by calculating the sensitivity
field of the annulus, thereby providing basic conditions for studying the influence of the ga
content on the received signal.

Figure 1 Complete view of experimental device
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2. EXPERIMENTAL MODEL
The experimerall details have been shown in Fig.1.

3. RESULTS
Firstly, the sound field distribution in the riser loop is numerically simulated. The influence of the
intermediate drill pipe on the annulus sound field of the riser is analyzed by simulating the sour
field distribution in the case of the annulus without the drill pipe and the drill pipeeXditation
sourcefrequencyis from 0.1. TheMHz changes to 1MHz. The figure below shows the sdiahdl
distributionatdifferentfrequencie$or both the drill pipe anthe drillpipe.

Frequency Soundield distribution/dB
MHz Without drillpipe With drillpipe
0.1
02 : “| =
0.6 | 3

Figure 2 vSound‘ field within riser ‘annulus undéifferenffrequency

It can be seen from the figure that as the frequency incraaseBeams in the annulus are more
concentrated in the absence of the drill pipe and the drill pipe, the divergence angle becornr
smaller, and the number of side lobes increases significantly. At the same time, the near fie
length is shortened and theretitivity is enhanced. The energy of the sound field is mainly
concentrated in the main lobe, and the side lobe is attenuated with respect to the sound pressul
the main lobe, which is oscillating.

The sound pressure in the annulus is symmetricallyiliged with the center line as the axis of
symmetry. Compared with no drill pipe, the drill pipe has obvious reflection effect on the sount
wave when there is a drill pipe, that is, the drill pipe has a significant shielding effect on th
propagation of e elastic wave, the sound pressure level is reduced in the region far from th
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emission end, and the region near the emission end is drilled. The superimposed sound pres:
level of the rod reflection sound field is significantly enhanced.

4 CONCLUSIONs

The sound field in the aliquid two-phase flow of the riser ring is studied in detail by numerical
simulation method. The sound pressure level distribution on the probe placement (outer wall of t
riser) is analyzed, and the possible placemesitipa of the probe is determined according to the
analysis result. The excitation pulse frequency is optimized by calculating the sensitivity field o
the annulus, thereby providing basic conditions for studying the influence of the gas content on t
received signal.
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ABSTRACT
Recently, many mathematicians have studied in the area of the Bernoulli paisicand
numbers, the Euler polynomials and numbers, the-Belynoulli, polyEuler and polyGenocchi
polynomials and numbers, the Tangent polynomials and theT@wigent polynomials. Bayad et
al. [1] defined polylogarithms and peBernoulli numbers. Haahata investigated and proved
poly-Euler polynomials. Ryoo investigated and defined the Tangent polynomials and numbers al
poly-Tangent polynomials and numbers.
In this work, weintroduce the polTangent polynomials with a-pgarameter. Furthermore, we
prove the teorem for this polynomial

KEYWORDSI Bernoulli numbers and polynomials, Padernoulli numbers and polynomials, Tangent
polynomials.

1. INTRODUCTION AND DEFINITIONS
The classical Bernoulli numbers and polynomials are defined the following tjegefanctions,
respectively;

B o — —h 9 ¢ (1)
and

B &6 o —Q has ¢“. (2)
The classical Tangent polynomidl @ are defined by the generatingftiions;

B Yo — Qhxes ° (3)

and
The classical Tangent numbéxsare defined by the generating functions;

B "Y—A — hxos “.

Let 'O wand k>1, hen kth polylogarithm function function is defined by (see [1], [4], [7])

bar B R oR @
when k=10 QX 11 a.
Kim et al. in [9] defined the polBernoulli polynomials and the pelgenocchi polynonals as
B 6 w— —0Q
A
and
B 0 wo— —0Q
A

respectively.
The Stirling number of the second kind is defined as:
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B Y ¢

A A ()
The polyTangent polynomial§Y @ are defined by following generating functions by Ryoo
[13]:

B Y 06— —0Q, (6)

and the polyTangent polynomialdYy are defined using x=0Y 1 h "Y are called the poly
Tangent numbers. s
The second kind weight Stirling numbéws £ha how are defined by Carlitz in [3] as

B 'Y efufo— —Q . 7)

2. MAIN THEOREM
In this section, we give some basic identities and relations for theTpolgent polynomials with a
g-parameter.
Definition The polyTangent pol ynomi al s -paamdter ar@afimed the s
following generating functions, respectively:

B Yy 60— — 0 (8)

>

and

B Yf 5 ———— ©)
when n, kintege ThQ pandf Treal parameter.
Some special casesof; « are following remarks.

Remark For g=1,"Y; o reduces to the polyangent polynomials.
Remark When g=k=1, we obtain the classical Tangent potyials.
Theorem The following relation holds true:

Vi B ¢h Y 5 ¢B ———B 0 Q (10)

Proof By (9), we write as

QB Yi— B Vi— ¢ Q——
¢B ——8B Q p
B ¢cB ——B nQ —
Comparing the coefficients of—A, we have (10).
Theorem The following relation holds true:
s B ¢ Y 5 ¢n 6y B 6 s p N (11)

Proof From (9), we write as:
18
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0 0
-B bh—Ap Q B "Yﬁ—A'Q p
¢B n 65— B B O & N
By using Cauchy product and comparing the coefficientsA,oﬁle have (11).
Corollary The following relation holds true:
¢h 05 @ B ¢ Y g ¢ p 6 s Voo
Theorem The following relation holds true:
Y o B B VY PR (12)
Proof By (8), we write as:
B "Y; (b—A —0Q. (13)
We replacd by t+u in (13),
. 4 .
In the last equatiorwe replacex by v, we get
B B Y ;0 <A —0 (15)
By (14) and (15), we write
B B Y 0 - Q B B Y h (16)
Now by applying the following known series identities [19, p. 52, Eq.1.6 (2)]
B Q0 X By Q¢ & — A a7)
in the right hand side of (16), we get
B B Y ﬁ(b—A—A B B 0 —A—AB B Y h 5 A (18)
B B B B v Y PR %
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Finally, upon first replacingn by n-p andm by m-r by using the Cauchy product in the left hand
side of the above equation (18) and comparing the icgfts of—Aand—AOn both sides of the
resulting equation, we have (12).
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ABSTRACT
Srivastaveet al.in ([18]-[23]) proved some theorems and recurrences relation for Bernoulli, Euler
and Genocchi polynomials. Also, they considered the Apdstahoulli, Euler and Genocchi
polynomials. Dolgyet al. in [4], H.-In. Known et al. in [5], Lim [1] defined and proved some
relations for the modified degenerate Bernoulli polynomiéls & 1 o f order V]
polynomialsO &1 of order U and @eadcocthiorpdoelry nlo, mirael
In this work, we introduce and investigate to a further generalized the modified degenerat
Bernoulli polynomials. We prove recurrence relations and some identities for these polynomials.

KEYWORDS’ Bernoulli numbers and polynomialsodified Degenerate BernoullEuler and
Genocchi polynomiaJshe Degenerate Stirling numbers of the second. kind

1. INTRODUCTION
The classical Bernoulli polynomial® @ of ordern N 8, the classical Euler polynomials

O  of order| ¥ 6 and the classical Genocchi polynomia® & of order| M 6 are
defined the following generating functions respectively ([23]),

B 6 w5 — Qhgx:s ¢ (1.1)

B O o5 — Q hes (1.2)
and

B0 o5 — Q has . (1.3

The generalized Bernoulli polynomials w, & N 0 are defined in a suitable neighbourhood
of 0 T by means of the generating function in ([1], [2], [17]);

B ¢ w— —Q. (1.4)
A B —

A

Recently, Kurt ([7], [8]) gave the generalized Bernoulli polynoméals & of order| , the

generalized Euler polynomiald " ¢ of order] and the generalized Genocchi polynomials

"0 " & oforden are defined the following generating functions respectively;

B 6 "o—- — Q, (1.5)
A B

B O "oa— — Q (1.6)
A B -

and

B O "&o— — 0Q (1.7)

A B -
21
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Carlitz [3] defined degenerate Bernoulli polynomials are given by the genefatictipn to be
———p _0 B 8 & —h 0 p (1.8)

whenx=0,6 _ 6 ms_ are called degenerate Bernoulli numbers.
D. V. Dolget et. al. [4] defined the modified degenerate Bernoulijrmohials which are different
from Car | i tBerdoulli pblgngmiaises fallows

P _ B 6ro—h _p (1.10)

whenx=0,06 ; 0 j 1 are called the modified degenerate ieili numbers.
H.-In. Known et al. [5] defined the modified degenerate Euler polynomials as following
generating functions

B Opb— ——p h* _ p (1.12)

forx=0,0y, Oy m arecalled the modified degenerate Euler numbers.
Lim [11] defined the higher order degenerate Genocchi polynomials are defined the followin
generating functions

B O b— — P

. (1.13)

Forx=0,"0; "O; m are called the modified degenerate Genocchi numbers.
By these motivations in ([4], [5], [11]), we define generalized the modified degenerate Bernoull
polynomials 6 " & of order , genealized the modified degenerate Euler polynomials

O: " @ of order| and generalized the modified degenerate Genocchi polynomials

p=x3

‘0; " @ oforden the following generating functions, respectively

p=x3

B 6y " a— ——— o - fi'op (1.14)
A
B 0o " a— ——— o - fi'op (1.15)
A
and
B 0oy "o —— p _ h_'op (1.16)
B

A

Carlitz [3] defined degenerate Stirling numbers of the second kind as

——— L p (1.17)

Carlitz [3] introduced and investigated the degenerate Stirling, Bernoulli and Eulerian number
Srivastaveet al.in ([18]-[23]) proved some theorems and recurrences relations for Bernoulli, Euler
and Genocchi polynomials. Alsahey considered the ApostBernoulli, Euler and Genocchi
polynomials. Brettiet al. ([1], [2]) and Natalini [17] defined and investigat&D-Bernoulli
polynomialsd ofto . Kurt in ([7], [8]) defined and gave some relations for the Bernoulli

22
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polynomialsd " o of orderl . Dolgy et al.[4], H.-In. Known et al. [5], Lim [1] defined
and proved some relations for the modified degenerate Bernoulli polynotnialsus_  of

orden , Euler polynomial®O ¢s_ of orderr and Genocchi polynomial® o5 _ of order |,
respectively.

2. EXPLICIT RELATIONS FOR THE GENERALIZED THE MODIFIED
DEGENERATE BERNOULLI, EULER AND GENOCCHI POLYNOMIALS
In this section, we prove relations and some identities for theigaomials.

Theorem 1.For a fixedd M G,leté - " &, 0; " ®and"0; " & be the sequences of
a new class of modified degenerate Bernoulli polynomials, a new class of modified degenere

Euler polynomals and a new class of modified degenerate Genocchi polynomials of order
respectively. Then the following statements hold:

1. Special Values, for every ~ 4
R

Oﬁ w Oﬁ w Oﬁ w (A§= E——

2. Summation Formula§

6ﬁ h W B (0] hh (;.§= B (0] ﬁﬁ Oﬁ h W
o, "o B ©O ;"¢ B 0O ;" 0, "a
o "o B 0O " B 0" 0 "o
3. Difference Ejuations § § §
6ﬁ h w P 6ﬁ h w ¢B 6ﬁ h w o h A
o "®p ©Of "o ¢B 0O, " wo";
0 "o p O "o ¢B 0 " oo
4. Integral Formal: For 0 ~ 4 and fixed »
5 " 0Qo — _ p _  Qa
B =
B =
P — B 0 ; LN 0 "G =
. " R ,. R
B B P 0 ; o0 5 ® —
Comparing the coefficients of both sides, we get
6, " @ay B G 6 "a 6 "o
5. Addition Theorem of the Argument: For| i ¥ 8F v G )
6, " ® & B 6 " woé, " o,
o " o & B o " wo;, " &
and ) ) )
o, " &® & B 0 " oo " ow.
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Theorem 2. There is tle following relation for the generalized modified degenerate Bernoulli
polynomials 6 " & of order respectively;

W R h P R A . R

O h P B fj (0] ﬁh A0 ﬁh ) (21)
05 " "0 " cOo g (2.2)
o, " p B "o " ¢ 0 . 2.3

The proof of this theorem can be easily obtain from (1.14), (1.15) and (1.16) respectively.
Theorem 3.There is the following relation between the generalized modified degenerate Bernoul
polynomials and generalized modified degenerate Euler polyn®mial

6ﬁh — C B 6ﬁh _— b ﬁﬁ (b'Oﬁh w. (24)

B 67 ®©—B 04 &

By using Cauchy product and equating the coefficientsﬂorf/e have (2.4).
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ABSTRACT
Analyzing and predicting the production performance of the well is of great significance for the
management and reasonable control of oilfield production. The produetitinealmodel is a good
method for analyzing and predicting reservoir changes in the oilfield. But for the compac
reservoir and other unconventional oil and gas reservoirs, the production law of oil well i
different from that of the conventional reseryaand it is difficult to analyze and predict the
production dynamic. Based on the MFF model, the production decline model of compact reservc
is established on the basis of the fractured horizontal well in compact reservoir. Using th
production data oftie horizontal well in the dense oil area of the Lucaogou Formation in Jimsar
sag, the application effect of the Arps decreasing model and the new model are compared ¢
evaluated, and the new model type is used to predict the production decline lavacitiavell.
The research shows that the use of Arps decline model to predict the production dynamic effect
dense oil well is not good. The new model can more accurately reflect the production decline Iz
of compact reservoir oil well and forecast fityaroduction.

KEYWORDS- Compact reservojiProduction declinePrediction model

1. INTRODUCTION

Analyzing and predicting the production performance of the well is of great significance for the
management and reasonable control of oilfield production pfdduction decline model is a good
method for analyzing and predicting reservoir dynamics in the oilfield where production decline i
in progress [1]. But for the compact reservoir and other unconventional oil and gas reservoirs, t
production law of oilwell is different from that of the conventional reservoir, and it is difficult to
analyze and predict the production dynamic [2]. At present, Arps decline model (Arps,1945) is tt
most widely used among a series of mathematical models proposed at hcahecattito describe
the law of production dynamics [3] analysis and prediction decline. However, it is generally foun
that the decline curve obtained by using Arps decline model deviates greatly from the actu
production [4]. In recent years, some schelaave proposed a production decline model for
analyzing oil well production dynamics for dense reservoirs [5]. Valko et al. (2010) proposed
SEPD model for tight gas and shale gas, Duong (2011) established an empirical model to refl
the production ddime based on the linear flow stage in tight gas and shale gas wells, and Hon
Yuan et al. (2013) established an MFF model for shale oil.

In this paper, the production decline model of tight reservoir was established based ¢
MFF model for fracturing horontal wells in tight reservoir, meanwhile considering flow within
fractures, and the production decline rule of tight oil production wells in Lucaogou formation in
Jimusaer sunken was analyzed and predicted.

2. MODEL ESTABLISHMENT
Considering the flow in ta fracture, oil well production can be expressed as follows:

— y
GD q)max 3': (1)
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Where, g_o is the monthly production, m"3; g_omax is the maximum monthly production, m”3;
is production time, month; y is the correlation coefficient, then

_ 109(0/ Gme)
log(t)

It can be seen that y changes with the production time, which reflects that the reservc
property changes with the production of oil Wells.Through fitting, the catioul formula of y can
be obtained:

y (2)

a
=7 b ©)
Where, a and b are coefficients obtained by fitting y (calculated by formula 2) with t.
Thus, the calculation forntas of cumulative output can be obtained:
a

4 24
N, = Q%ma © dt 4)

3. MODEL VALIDATION
3.1.Classification of Horizontal Wells
Jimusaer sunken Lucaogou group of dense oil currently existing 16r&ediorizontal wells have
been put into operation. Production performance of horizontal curve of the 14 production we
which production time is longer is analyzed, the results found that horizontal well productiot
performance fluctuation, the output ofah well change trend and characteristic difference is
obvious, thus the existing horizontal wells are classified.
The production stage with daily oil production more than 3@ was defined as high production
stage; the production stage with daily oibguction more than 10 ¥d and less than 20%d was
defined as middle production stage; and the production stage with daily oil production less than
m*/d was defined as low production stage. The contribution rate of various wells to the
accumulated oiproduction in high production stage, middle production stage and low production
stage was calculated. According to the accumulated oil production and contribution rate, tt
classification method of horizontal wells in Lucaogou formation was determinddharexisting
horizontal Wells in Lucaogou formation were divided into three categories:
3 class well: 3 years cumulative oil production is more than 9000t, contribution rate of middle an
high production stage is more than 60%;Belong tdass well have JI 172_H, JHWO018.
n class well: 3 years cumulative oil production is more than 5000t lessl than 9000t,
contribution rate of middle and high production stage is more than 5% and less than 60%; Belo
to u class well have JI 32_H, JI 36_H, JHWO003, JHW020, JHWO017, JI 253HMy001,
JHWO019, JHWO015 and JHWO0O0S.
n class well: 3 years cumulativel @roduction is less than 5000t, contribution rate of middle and
high production stage is less than 5%; Belong tdass well have JHW016 and JHWO0O07.

3.2.Production decline analysis

This paper respectively using the new established model and the Aepsrélgressive model to
analyze production decline law 8f class well andi class well(a total of 12 horizontal wells) in
Lucaogou formation in Jimusaer sunken dense oil region.

JI 172_H was drilled and produced in July 2012, and reached the produetikrinpDecember
2012, and then entered the decline stage. Up to December 2017, a total of 61 months of dec
period was experienced. Statistics and calculations were made based on monthly production,
the production decline analysis results are shiovthe following figures:
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2000
+ Actual monthly output
e New model
1600 Exponential decline model

s Harmonic decline model

——Hyperbolic deciine model

Monthly output /m*

PYSEY SOULTYY PN

0 10 20 30 40 50 60
Time /m

Figure 1 Production decline analysis of JI 172_H wethonthly oil production curve comparison

25000
+  Actual monthly output
= New model
20000 Exponential decline model
== Harmonic decline mode|
% 15000 == Hyperbolic decline model
g 10000
5
5000
0
0 10 20 30 40 50 60
Time /m
Figure 2 Production Decline Analysis of JI 172_H well Cumulative Oil Production Curve
Comparison

JHWO0O03 was drilled and proded in October 2013, and reached the production peak in November
2013, and then entered the decline stage. Monthly production was counted and calculated, and
production decline analysis results were shown in the following figures:

450
¢ Actual monthly output
400 -
Exponential decline model
350 + == Harmonic decline model
300 \ —— Hyperbolic decline model

=== New model

Monthly output /m>
o
=3
3

150
100
50
0
0 5 10 15 20
Time /m
Figure 3 Productin DeclineAnalysis of JHWO003 wellMonthly Oil ProductionCurve
Comparison
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Exponential decline output
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2500
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)
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=3

utput /m3

H
¢ 1500

imulati

5 1000

Ci

500

0
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Time/m

Figure 4 ProductionDeclineAnalysis of JHWO003 wellCumulativeQil ProductionCurve
Comparison

The production decline analysis errors of 12 horizontal Wells under diffeeelined models are
shown in table 1.The results show that: Joclass welk, monthly output average relative error of
exponential decline model, harmonic decline model hyperbolic decline model and new model
respectively: 63.33%, 27.715%, 47.61%, 15.6Hd the average error is respectively: 19.24%,
29.19%, 18.94% and 8.70%; farclass well, monthly output average relative error of exponential
decline model, harmonic declineodel hyperbolic decline model and new model is respectively:
28.54%, 23.80%, 228%, 12.11%, and the average error is respectively: 9.02%, 11.66%, 7.769
and 3.76%.It can be seen from the comparison results that output obtained by the three Al
decline models is seriously deviated from the actual production situation.The new modebie
accurately reflect the decreasing law of tight oil horizontal wells in Lucaogou formation in
Jimusaer sunken and predict the future production.

This model was used to predict and evaluate the production decline of JHWO025 tight oil horizont
well in Lucaogou formation in Jimusaer sunken.

JhHW?25 well is a new fracturing horizontal well put into production in June 2017. It reached the
peak production in September 2017, and then entered the stage of production decline. Using
existing production datof four months of decline, the undetermined coefficients a and b (Figure
4) are obtained by fitting according to formula (3), so as to predict the production decline rule ¢
JHWO025 well in the future, as shown in Figure 5.

0 .
0 0.2 0.4 0.6

02
y=-1.1736/¢ - 0.5029
o R2 = 0.8366
~-0.6
L
038 Y

g @

-12

1/t
Figure 5 Determination of tle Goefficients a and b
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Figure 6 ProductionDeclineAnalysis andPrediction ofwell JHW025
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+ Actual monthly output
= Fitting section
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2500 \
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—
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w
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Table 1 ProductionDeclineAnalysis Error of 12 Horizontal Wells with Different Declin@déls

Error of monk hly Error of wurmpukativ
Cate( Wel
] Expon H er Expon H er
y no, t‘?aIHarmo ylp|c Ne w t‘i)aIHarmo ylp|c New
decl c dedgd decl mo de decl c ded decl mo d e
JOHlVg 55.1 37.9 46.2 16.6 19.0 29.1 18.9 8.790
Il
cl| 172 73.6| 25.7 56.5 14.5 24.2 388 | 31.1 7.33
we l | H
ave
ge| 63.3 27.7 47.6| 15.6/ 19.2 22.9 20.1 8.02
err
JO"(')VX 16.4 17.1 18.4 10.2 s5.749 3.32 3.6q4 2.20
JO'?)V;' 28.1 37.3 20.6 13.8 7.59 21.3/ 12.0 2.25
JO'?)Vg 18.1| 35.7 18.4 14.8 4.6d 3.74 4.25 5.14
J01HQN 16.6| 17.1 14.0 11.2 13.5 12.9 10.0 6.17
JOHIV;' 39.7 38.9 37.4 11.4/ 15.5 28.7 20.4 3.958
JHW
cr| oY 28.3 28.4 20.0 13.0 9.18 16.2 9.3§ 5.91
I
we JOHZVC‘)' 30.1 16.1] 24.2 12.4 7.53 4.23 5.84 3.34
3J2|H 34.8 19.3 24.9 12.8 8.624 1384 7.34d 3.30
I
251| 44.0 17.6 28.4 11.7 12.8 8.54 5.7d 2.65
H
336'H 16.7 25.1 11.1| 9.41 3.89 13.2 6.33 2.71
a ;; e
ge| 28.5 23.8 22.2/ 12.1 9.04 11.6 7.76 3.76
err
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4. CONCLUSION

(1) According to fracturing horizontal Wells in tight regeir, the production decline model of
tight reservoir was established based on MFF model, and the production decline law of tight ¢
horizontal wells in Lucaogou formation in Jimusaer sunken was analyzed and predicted.

(2) The Arps decline model is nobgd for predicting tight well performance of single stage. The
new model takes the changes of reservoir properties with the production of oil wells int
account, and can more accurately reflect the production decline law of oil Wells and predict tt
future production.
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ABSTRACT
Neutron radiations of any energy are consideredresofthe most difficult type tde shielded
since they can penetrate long distances into mateTihésefore, investigating different materials
by means of neutron shielding properties is anairignt objective.In this work, concretes
containing zeolite mimal were tested experimentalgnd by Monte Carlo simulations using
FLUKA code. The results form two methods were compared and a good aggreeement w
observed.

KEYWORDSI Neutron, radiatiorshielding, zeolite, FLUKA

1. INTRODUCTION
Concrete is one of the very fundamental materials of constructions utilized in a wide range fro
regular houses to even facilities those need extra attention for radiation protection, such
hospitals or power reamts. Therefore, it is an important objective to investigate different types of
concretes containing various minerals as aggregate in terms of radiation shielding properties.
the present work, concretes with zeolite, which is also mined locally in Tuday are tested by
means of fast neutron attenuation properties. The concrete types that are the subject of this st
were previously studied by Akkurt et Hl] in terms of gamma ray shielding capabilities.
Neutron is a massy neutral particle that can be a product of several natural and artificial nucle
proceses such as radioactive decay of an unstable nucleus, fission and fusion. It is a higt
penetrative particle because it is electrically neutral, and causes indirect ionizationsatetial.
Shielding capability of a material against neutrons is chiaraed bymainly two cross sections
which are generally given in barn unithe macroscopic effective removal cross section of fast
neutrons and the macroscopic thermal neutron cross section. Both parameters are highly depen
on the energy of incomingeutrons and the phkical properties of the targéithe total microscopic
cross section (designated By gives the probability of the interaction of neutron radiations with
the medium traversed. It comprises two terms: the total microscopic scatterssgsection(f)
and the microscopic absorptioross sectionl(), as follows.

boow 1)

In above guation, includes inelastic and elastic scatteriagd, includesterms fornuclear
fusion, nuclear spallation and neutsocapture. The total microscopic cross section given by
Equation 1 is related to the macroscopic cross sectigin(cm’) as follows:

t BGOG , )
Here, 0 is the number of nuclei per unit volume (in ®mand , is the microscopic cross
section of the elemerf2Equation 2 is the mixture rule written for neutron attenuation. When the

attenuation is through a pure material,simply becomes ,, , whereN is the atont density of
that pure meerial [2, 3].
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2. MATERIALS AND METHODS

2.1.Concretes
Three types of concretes including 0% (namely NZ0), 10% (namely NZ10) and 30% (namel
NZ30) of zeolite mineral were investigated in the study. Detailed information on the other
specifications of concretes, such as water to cement ratio, chemical compositions of cement ¢
zeolite mineral and mixing proportions can be found in Rgf. However, we give the chemical
compositions of the concretes in weight fraction form in Table 1.

Table 1.Chemical compositions and densities of the concrete samples.

CaO MgO NaO Fe0O; CO, SiO, H,0 AlLO; SO 4 (I
NZO 0.394 0.110 0.004 0.005 0.315 0.127 0.074 0.010 0.005  2.476
NZ10 0.419 0.123 0.004 0.006 0.314 0.203 0.075 0.020 0.005  2.445
NZ30 0.343 0.095 0.003 0.008 0.253 0.247 0.078 0.040 0.005  2.154

2.2. Experimental study
Measurements were performed using the opportunities of the Gamma Spegticsoomtuary in
the Faculty of Science ArisS ¢ | ey man Demi r el University) T
measurements were performed in accordance with the transmission technique. In this téohnique
exponential law is valid foneutrors as it is in photon attenuatio/hen incoming neutrons with
intensity "O interacts with thematerial of thiknessx, some portion of the initialneutronsis
attenuatedy the materiallf the attenuated intensity is callédthen the total macroscopic cross
section can be calculateding the below exponential relation.

boo—ai— (3)

Another significant parameténvestigated in the present woidcthe mean free patimp, in cm)
which is defined as the average distance that a neutron travels between two successive interacti
It is the inverse of the total macroscopic cross sectidollasvs.

6on — @

In the experiments a Californium252 spontenious source which emits 2.14 MeV fast neutrons w
used. The detection system was a RadEye GN+ gammeatron detector provided from Thermo
Scientific Company. Neutron cerdte and neutro efficiency of the detector is 0, 1 to 1000 cps
and 4.3 cps/20000 n/s (for Californium252), respectivielBnd ‘O intensities were determined in
terms of neutron counts with and without concrete slabs between the source and the detec
Using Equabn 3 and 4 total macroscopic cross sections and mean free path values we
calculated. Arrangement of experimental study is as drawn in Figure 1.

[]

n source

Concrete Detector
slab
Figure 1. Sketch of the experimental arrangement.
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2.3. Simulation study
Macroscopiccross sectios of the zedle concretes were estimated using FLUKA Monte Carlo
code.
It is one of the welknown simulation codes in nuclear and high energy physdices a
multipurposecodewhich can successfully transport about 60 particles ranging from elementary
particles sukh as photons and neutrons ¥arious heavy ions. So, it has a wide variety of
application areas for which calorimetry, dosimetry, radiotheraphy, accelerator physics an
radiation shelding can be given as examdi 5]. The simulations were performasith the
version 2011.2c dFLUKA code on a UNIX operating system. Input files have been prepared to run
simulations. FLUKA provides many options for simulations such as beanerties) geometry,
material definition, physical settings, score options and primary radiation w&gbéerimental
configuration given in Figure 1 was used in simulatidech option is represented by an input card
which should be placed in a sequentieder. 16 primary particles which wereneutrons with 2.14
MeV energyi wereused to achieve a reasonable statistics and the code was run for Sirtycles
simulations Resultswerereadas primary/particldrom USRBDX detectoroutput files Then
and mfpvalues were calculated by substitutingndOvalues into Equation 3.

012 mFLUKA mExp

0,10
008
E 0,06
X 0,04

0,02

0,00

NZ10 NZ30
Figure 2. Total macroscobic cross secuons of zeolite concretes by experiments and simulaitons

14,00
mFLUKA mExp

12,00
10,00
8,00
6,00
4,00
2,00
0,00

NZ10 NZ30
Figure 3. Mean free path value:nc zeolite concretes by experiments amdulaitons.

mfp (cm)

3. RESULTS AND DISCUSSION
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Experimental and simulation values of fast neutron total macroscopic cross sections and mean f
paths are plotted in Figure 2 and 3, respectively. Maximum relative difference betwee
experimental and simulation retils determined to be ~25% for NZ30 concrete. In general, it can
be sais that results from the two methods are in good agreement. As can be seen from Figure 2
3, NZO is is the most, NZ30 is the least effective concrete type against neutrons of 2/14 Me
Figure 3 shows that neutrons of this energy can penetrate more from NZO to NZ30. The mc
probable interaction type for fast neutrons is scattering with-lawd medium weight nuclei,

such as Hydrogen. Water content of all concretes are almostritee($able 1). So, the variation

in total macroscopic cross sections can be ascribed to density effect. Because, greater density
increase the interaction probability of neutrons with concrete material. This can also explain t
differences between NZ&nd NZ10 concretes with NZ30 concrete.

4. CONCLUSION
We conclude that increasing amount of zeolite mineral in the concrete decreases the shield
competence of the related concrete against fast neutrons of 2.14 MeV energy. This is m
probably due the negjae effect of zeolite mineral on concrete density. Also, it can be concluded
from the results that FLUKA Monte Carlo code is an effective to be utilized in such shielding
studies.
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ABSTRACT
In the process of conventional thermal recovery in heavy oil reservoirs accompanied by ed
water, the intrusion of edge veatseriously affects the development effect, resulting in a large
number of unutilized reserves. In this paper, parameters of KD521 block, a heavy oil reservc
with active edge water, are transformed into physical model parameters with similarity criteri
firstly, and the process of cold recovery after steam stimulation is simulated by using a hig
temperature and high pressure thdémensional experimental apparatus. Then, numerical models
are established based on the physical simulation and historjintais conducted according to
the production data. The water invasion rule and residual oil distribution and the influencin
factors of chemical cold recovery were obtained. The results show that invasion of edge wat
causes the shape of the steam charfdrened by the steam to be asymmetric under the action of
thermodynamics, and the development of the steam chamber, in turn, affects the invasion of ec
water. By rationally utilizing the edge water energy and the new viscosity reducer to reduce tt
viscosity of heavy oil, heavy oil can be produced through the edge water pressure. The optim
viscosity reducer injection timing in the firBhe and secondine wells is 8885% and 850%
water cut, respectively. The optimal injection rate is 10 mL/min ptiogluction injection ratio is
1.2 and the injection mode is the long slug. The application of this technology on the field he
achieved satisfactory oil recovery, providing an alternative for enhancing oil recovery in simila
reservoirs.

KEYWORDS- Heavyoil, Edge water, Steam stimulation, Cold recov@&tyysical simulation

1. INTRODUCTION
With the gradual exhaustion of conventional oil, the development and utilization of heavy oil ha
attracted extensive attention, among which, heavy oil reservoirs digbveater account for a
large proportion of heavy oil resourcgs?]. Steam stimulation and steam flooding are generally
used to develop such reservoirs, but the intrusion of the-wdtgr causes the steam thermal
efficiency to drop rapidly, the water ttaf the production well rises rapidly, and the development
effect becomes worg48]. The pressure of the formation at the end of steam stimulation is affectec
by active edgeavater intrusion, which makes it difficult for the steam at the bottom of thetavell
reach the required dryness. At the same time, the oil wells after multiple rounds of stea
stimulation have high water cut and small heating radius, which makes it difficult to form effective
heat communication between wells, and the conditions fansf®oding are not achieved, so the
development effect of steam flooding is also not satisfadtB]. Currently, chemical flooding
can be considered as a suitable enhanced oil recovery method for some heavy oil reservoirs wt
thermal and solvertasel methods face numerous technicatbonomic and environmental
problems or poor development resul6. The conversion of steam Stimulation to chemical
flooding has been considered as one of the most promising methods to promote the developm
of heavy dli reservoirs with edge water.
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2. EXPERIMENTAL EQUIPMENT AND PROCEDURE
2.1. Materials
The formation wateis simulated by laboratory water witiie samemineral compositionThe
density of the simulated wateris037 g/cn?. The novelviscosity reduer, devdoped byResearch
Institute of Petroleum Exploration and Developmearan achieve the higéfficiency viscosity
reducing of heavy oilThe oil sarple for laboratory experimentsebtained fromKD521 block of
ShengliOi | v, leed adiscosity of8571mP a L. S0A&Lt and a d&glesraty26f AC.

2.2. Experimental Setup

The schematic dfieavy oil reservoir with edge water simulation experineilustrated inFigure
1. The experimental device dpmposed ohigh temperature and high presstineeedimensional
physical modelmonitoring systemedgewater energy simulation systegataacquisitionsystem
and fluid injection and acquisitiasystem.

Thermotank

=]

Heating

belt Valve

Steam
generator

. i, '
o e

[ | Pressure and |

ISCO pump = ] temperature |
Distilled sensor

water |

J

Figure 2. Schematic diagram dhreedimensional physical simulation experiment.

Extraction ilqul(l

L) v
L]
, collection system

3. RESULTS AND DISCUSSION
3.1. Temperature profile analysis
The development characteristics of the experimental temperature profile are shbigare2.
The initial temperature field is not affected by duge water and presents a relatively symmetrical
shape. With the continuous injection of steam, the heatimgeraf the reservoir around the well
expands, the temperature gradually increasesl the flow capacity of crude oil around the
production well ncreases. However, the edge water gradually invaded the production well, and tf
steam injection process waffezted by the edge water, and the scope of steam heating was
reduced. From the perspective of temperature profile, the vertical direction eaghwas the
direction of edge water intrusion, and the position with a large temperature gradient around tl
well was the high water cut area.
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(g) First steam injectiomf #4 (h) First steam injectiomf #5

Figure 2. Temperature profile at the end of steam injection (The arrow represents the main
intrusion directionof edgewater, the circle represents the area with more edgéer).

3.2. Residual oil analysis

Displacement Doil layer at different stages is shownkigure3. When the physical models were
dismantled, it was found that the color of the oil sandsttie@asteam had driven through the area
became lighter, while the color of the oil sands that the viscosity reducer had swept through t
area was grayish white, showing that the residual oil saturation after viscosity reducer injection
low.

cIniteisal,

V.ogsia

Figure 3. Displacement of oil layer at different stages.

3.3. Numerical simulation analyss

Figure 4 displays that the optimal viscosity reducer injection timing of the-liimst and second
line wells is 8685% and 880% water cut, respectively. The optimal ttjen rate is 10 mL/min,
production injection ratio is 1.2he water multiple is-80, and the injection mode is long slug.
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Figure 4. Cumulative oil production under different parameters

4. CONCLUSION
1. Due to the influence of edgeater intrusion, théneating range of the oil layer by steam is
asymmetric, and it is obviously shrinking. The heating range of the oil layer and thevatdge
intrusion mutually influence and restrict each other.
2. The viscosity reducer plays the role of emulsificationcagity reduction and slowing down
edgewater intrusion. Combined with the law of water intrusion and reasonable utilization of wate|
energy, it can achieve a better development effect.
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ABSTRACT
The Horizontal well technology has developed into an effective method foretdl th create huge
economic benefits. For the development of reservoirs with-bdgem water or water injection,
water breakthrough in well is an inevitable problem in the middle and late stages of reservoi
development. Due to the uneven inflow profit¢g horizontal well, the process of water
breakthrough is aggravated. It is a difficult problem to control early water breakthrough while
taking advantage of horizontal well. Inflow Control Devices (EcbBbasbeen designeth response
to early water breaktough for horizontal well. A new method to solve the coupling flow between
reservoir and horizontal well with ICDs was presented in this paper. The coupling process
transformed into interaction of different flow sections with nodal system analyssedR®en flow
node unit of ICI3, the new coupling model is established. It can clearly depict the inflow profile of
horizontal well with ICDs, which is conducive to evaluating the effect of water control by
throttling and optimizing ICB completion parametsr It plays a theoretical role for IGOn
piratical engineering applications.

KEYWORDSI Horizontal wel|l The coupling modelCDs, Water control, Nodal system analysis

1. INTRODUCTION
The bottorawater breakthrough has become a problem, which decrelaseall twell production
and reservoir ultimate recovery, and also increased the cost of water treatment and the risk
equipment corrosion at the same time.
As early as the 1980many scholars have carried on analysis of horizontal well productivity from
an analytical perspective and gradually modified the analytic method. Djkkémas established
the first semianalytical coupling model between reservoir and horizontal well for calculating
productivity, accounting for the influence of variable massvflon coupling process in the
horizontal wellbore. Ouyand?][3] studied the flow rule of singlphase and multiphase in
horizontal wellbore and improved the pressure loss model. The influence of wall friction, fluic
velocity, wall inflow and outflow on pssure loss was considered in the coupling model.[#li0
established a serainalytical model to calculate the productivity index of a horizontal well with
pressure loss along the wellbore. Vicente gbhldeveloped a fully implicit, thredimensional
simulator to simulate the transient pressure and flow rate behaviour of both the reservoir and t
horizontal wellbore by numerical simulation method. @&}j Akim et al.[7], and Carvaja[8] et
al. studied the coupling problem on the development of uncoioveal reservoirs by numerical
simulation method. Wan[9] has studied the effects of capillarity and geomechanics on water loss
in fracturematrix system, and simulated multiphase flow and fluid distribution duringistard
flow-back. Most of them fagsed on the description of reservoir flow characteristithout
accouning for the influence of completion measures, wall fluid inflow and outflow on pressure
loss in horizontal well.
Based on the flowing nodes unit, a flowing nodes network with ICD=oistructed. A new
coupling model is established, which can more accurately and fast simulate the coupling proce
evaluate the effect of water control and optimize ICD parameters.
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2. MATHEMATICAL MODEL FOR THE DYNAMIC COUPLING PROCESS
2.1. The Coupling Model
Under the action of coupling, it is necessary to study the influence of seepage in reservoir a
variable mass pipe flow in the horizontal well on the entire production system. The node analys
method is adopted in this paper to discretize the esygstem As shown in Figurel, the flowing
nodes unit of ICDsrecorded as thieth flow nodes unit, sorted from left to right. The subscript
indicates the reservoir nodes, the subscciphdicates the completion nodes, the subscript
indicates the thing nodes.

Py
Figure 1. Flowing nodes unit of ICDs

The nonlinear equations of flowing nodes unit are listed as follows:
! B W N I mh'Q phthE M
070 iy on oA mmQ a o 1)
i) B i) N1 mQ & chEh & p
Line source model have been used to evaluate pressure loss in the reservoir. The superposi
principle and the Duhamel's principle have been used to deal with effects of internal and exterr

boundaries on the mold@hen pressure loss at any positiedhd in reservoir with a horizontal
wellbore at time is as follow:

~ 9 9 ~ ~ o

B 006 Yo Yfno B B 006 6 Qa p¥ & Q a Yo 2)
6 0 —— _ Yoy ohfdY dha b Qddt ©)

Where,1 represents flowratéy, "Y, and"Y represents the Green function respectively.
Pressure loss of wellbore has been used to calculate the pressure loss of tubird) tiyeEdetail
description of pressure loss model can be found in Ouj[6].

— — —nYy (4)

Where,0 represents the crosectionarea of tubingO represents the inner diameter of tubiigy,
represents the friin factor,’} represents the wall inflow rate per lengfiY,represents the local
velocity and’ represents the fluid density.

The pressure loss of orifice/nozdtlased ICD is calculated by [10].

v

Y (5)

42

2019.iccesen.org 2019%@epeail.com



Proceedings of CCESEN019 -2723ctober 209, Antalya-TURKEY

Where,d represents unit conversion factor, represents discharge coefficient for ICD8, and
represents thimner diameter of orifice.

2.2.Solution of the Coupling Model

The coupling process between resleoxoipr amlide
coupling model established above is exactly based on the flow law of the coupling process, anc
is the coupling relationship among the flow variables at different time. Substituting the pressul
loss and the boundary conditions, the multivariate fundiidmecomes a unary function only with
the variable) andr] , which greatly simplifies the problem. The mathematical relationship is as
follows:

oyn by Ry on oM o m (6)
Where,} represents flowrate form, amd represents flowrate from annulus to tubing.
The NewtonRaphson method is adopted to solve the nonlinear equations in this paper. Set tl
time interval and loop in turn to gite solution of the coupling model at different times.

3. CASE STUDY
The proposed case studies had been developed to display the application of the new coupl
model in practice. A case has been displayed here. A horizontal well with 500m length is centri
in a boxed reservoir is used for the example. Amel length, width and thickness of the boxed
reservoir ard500m 1500m and30mrespectively Permeability in the three directions200mD,
200mDand100mD. Specific well completion parameters are listetiablel.

Table 1. This is the Style for Tablgaptions.

Header Value Unit
Fluid density 961 kg/nt
Fluid viscosity 1.0 cp
Compressibility 1. 45791 MPa’
Well production 80 m’/d
Inner diameter of tubing 0.1006 m
Outer diameter of tubing 0.114 m
Inner diameter of casing 0.127 m
Position of packer (start, end) (100, 400) m
Number of ICDs 15, 10, 5 1
Inner diameter of orifice 0.0508 m
Opening number of ICDs 5 1

Fig.2 display inflow rate distribution ofhe caseat different times. As showm the Fig5, the
inflow profile presents strong asymmetry due to mass flow in the tubing. With continuous
production, the pressure wave propagates to the boundary. the influence of the boundary
gradually enhanced and plays a leading avlé the inflov profile tends to beénevenover time.

1. CONCLUSION
The coupling problem is transformed into the interaction relationship between different flow
sections by using node discretization. According to the flow characteristics of ICDs, the
corresponding flowingnodes unit and network is extracted. And the new coupling model is
established based on it.
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Figure 2. Inflow rate distribution of the case at different times

Three cases of different ICDs completion types are carried out. The inflow profile cHithges
over time without packers. Conversely, the inflow profile becomes more uneven over time
Therefore, ICD parameters need to beggton the ground. The new coupling model can provide
theoretical support for further ICDs parameters optimization.
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ABSTRACT
SteamAssisted Gravity Drainage (SAGD) tadhue has been successfully applied to unlock the
oil sands resources. However, the performance of SAGD is very sensitive to the geologic
condition such as lean zones, which greatly affect the steam chamber growth and oil producti
rate. In this studythe impact of lean zones in oil sands on SAGD performance is revealed b
using physical and numerical simulation. Firstly, the operation and reservoir parameters we
converted from fielescale to lakscale based on the similarity criteria, and then thigeensional
physical simulation was conducted. Through analyzing the experiment data, the effects of le
zones on steam chamber growth and production performance were stugigda history match
was conducted based on the experimental data. Finadlyinfluences of lean zones parameters
such as thickness of lean zones on SAGD performance were further analyzed. The physical res
show that lean zones will accelerate the extension of steam chamber to both sides of the reser
along the bottom of leazones, accompanied by a stable and low oil rate. After steam break:
through the lean zones and reaches thdaper, the oil rate rises rapidly. The water zone has a
great impact on peak oil rate and plateau time. The numerical results show that tbe SAC
performance will be greatly affected by the thickness of lean zones and the distance from le
zones to injector mainly affects the shape of steam chamber and the increasing rate of oil recove
The thicker the water zone, the lower the oil rate arichate oil recovery is, which causes lower
heat efficiency during SAGD process.

KEYWORDS- SteamAssisted gravity drainage (SAGD), Lean zones, 3D physical experiment, Oil
sandsreservoirs

1. INTRODUCTION
The SAGD technology has been successfully appliedetover oil sands for decades4lL
However, this advantageous technology is being challenged facing to the complexity of reservc
heterogeneity such as zones with high water saturatiamsinderstand the fluid flow behaviors
and the heat loss to reseirs with water zones, some studies have been conducted by
experimental and numerical simulaticgh.detailed thermal reservoir numerical model is proposed
by Fairbridge. J. K et aJ5] to study the performance of higtater saturation intervals during the
SAGD process. In addition to, Xu et §6] established a simulation model with periodic lean
zones for analyzing the influences of water intervals on steam chamber development and
production.But these studies based on an ideal numerical simuldtf@influences of lean zones
on steam chamber development and oil production are not clearly understood. Therefore, in tli
paper, a3D physical simulatioris designed for investigating the effects len zonesduring
SAGD process. Then, a lazale numeécal model was established for analyzing the influence
mechanism under different experimental parameters. Furthermore, the history matching
experimental results was conducted to validate the numerical model. Finallgetiséivity
analysis was perforad and thémpact mechanism dfan zoneon SAGD performance were
analyzed in detail.
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2. EXPERIMENTAL AND NUMERICAL SIMULATION
2.1.Experiment design and results
Corsidering of the lab condition, the fiektale reservoir parameters was converted intdatire
scale based on the similarity criterion. The reservoir parameters were collected from the Lot
Lake project. Then a thredimensional physical model was used to conduct the physical
simulation, as shown in Fig. 1(a). The distribution of water zonedsagned (Fig. 1(b)) and the
appaetus for this experiment can be seen in Fig.1(c).

(@) ) | ©
Figure 1. Experiment design. (a) 3D péigal model. (b) Schematic map of lean zone in oil sands.
(c) Schematic of the experimental apparatus.

2.2.Numerical model

The simulator used in this paper was the GRITGARS. In order to simulate the real condition of
experiment, the numerical model wasilt based on the lascale experiment. The grid number of
the model was set at 25125129. The grid blo
As can be seen from Fi@, the comparison of the production performance for two designed
experiments. Té oil rateis lower and the water cut is obviously highdume to the impact of lean
zone. Besides, the water zone has a large influence on the performance of oil recovery ai
instantaneous steam oil ratio (ISOR). The ultimate oil recovery is much lowgracedhwith
traditional SAGD. The iSOR increases rapidly at the early SAGD process keeps stable at a hi
level, which means the heat efficient is lower when the lean zone exists.

The Fig. 3 illustrates the profile of temperature distribution. It can ben gbat the high water
saturation zone has a great effect on development of steam chamber, especially during the e
SAGD process.
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Figure 2. Comparison of production performanbetween two experimen{g) Oil rate and
water cut curves(b) Instantaneous steam oil ratio and oil recovery curves
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650min, 10.9years 800min, 13.6years
Figure 3. Temperature profile for different times

2.3.History matching

Fig. 4 shows the comparisons of the experimental and nuaiesimulation results. Figd(a)
presents the oil rate and water cut and &fg) shows the cumulative oil production. It can be seen
that the numerical simulation results can match the experimental resultsTivetefore, the
numerical model is reliablor further study.

8.0 T = 100 4,000

—————— Numarical model
Experiman

o

Ol Rate SC (em3/min)

o

Time (min) Time (min}

@) (b)

Figure 4. History match (a) Oil rate and water cut curvegb) Cumulative oil production curves

2.4.Sensitivity analysis

Fig. 5(a) shows the oil rate cursdor each simulation case. It can be seen that oil rate decrease
with the increase of the thickness of lean zone and the thicker thickness of the lean zone, |
greater the influence on oil rate. Besides, the first peak of oil production is lower when th
thickness of higlwater saturation zone is thicker.

Fig. 5(b) shows that the comparison of oil recovery for different models. It can be seen that the c
recovery performance is obviously worse due to the existence of the lean zone. Furthermore,
thicker the lean zone, the lower the ultimate oil recovery. However, the impact of lean zone on c
recovery during early SAGD process is not obvious, when the thickness of lean zone is lower.
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Figure 5. Comparison of production performance for different numerical cqdsg¢®il rate curve

(b) Oil recovery curve

3. CONCLUSION

The lean zones can influence the development of steam chamber and production performa
during the SAGD procas

The thickness of lean zone has a great impact on oil rate, especially during the steam cham
rising phase.

The existence of higlvater saturation zone has an adverse effect on steam chamber expansi
and the thicker the lean zone, the lower heatieffiry is when the steam encountering the
water zone.
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ABSTRACT
Well-cleanup stage is an important part in the completion test of deep water gas wells, and it
also a key stage of hydrate risk prevention in wellbore. Unreasonable well cleaning and blowo
release can edgilead to hydrate formation and blockage in the pipe string, and sometimes
bringing huge economic losses for deepwater gas well testing. Therefore, it is very important f
safe and efficient deep water gas well testing to accurately predict the hyatratdidn risk in
wellbore and to reasonably formulate effective hydrate control measures duringleaallip
stage. In this paper, based on PIPESIM software, sensitivity analysis of the factors affectir
hydrate formation conditions is carried out, inchglinatural gas composition, exhaust-tigsid
ratio, reservoir temperature and pressure, formation water salinity, condensgts odtio,
inhibitors type and content, and the influence of temperature and pressure on hydrate formatior
analyzed. Thertaking a deepvater gas well in South China Sea as an example, the temperature
pressure distribution field in the wellbore during blowout stage are simulated, and the critic
conditions of hydrate formation in the wellbore during veddlanup stage of ép-water gas wells
are determined based on hydrate phase equilibrium curve, so as to provide theoretical guidance
reasonable test of blowout release system. It is concluded that reasonable control of blowc
volume, wellhead pressure and formulationcofnpletion fluid with certain salt inhibitors can
effectively avoid the hydrate formation risk during blowout process. The implementation of
quantified blowout release system can ensure the safety of deep water test and reduce econc
input.

KEYWORDS- Deepwater, Weltleanup stage; Hydratesk assessment.

1. INTRODUCTION
Well cleaning is an important stage in the testing process ofwaegg gas wells. This stage is to
return the wellbore and formation near wellbore fluid by induced blowout beforacmijas well
testing and production. In the process of blowing, gas and water coexist in the wellbore string
and the combined effect of temperature and pressure in the wellbore often lead to the hydra
formation in the string, especially near the miite of the seabed [1]. The formation and
deposition of hydrate will directly reduce the pipe flow channel and affect the blowout process c
deepwater gas wells. When blowout is released with high productivity, it may also cause pip
string rupture due tpressure trapping in the wellbore [2].
At present, scholars from all over the world have done some research on hydrate risk predicti
and prevention in the process of drilling and production of desger gas wells. However, there
are insufficient studie on hydrate risk prediction and prevention in the process of deepwater ga
wells well cleaning stage. Wang et al. (2008) established a prediction model for hydrate formatic
area in deep water drilling process [3]. The model consists of multiphase flivolcequation,
temperature field equation and hydrate formation equation. Later, Wang et al. (2018) proposec
prediction method of gas hydrate formation area in deep water gas wells by combining tt
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wellbore temperature field equation and hydrate phasdilerium equation [4]. In view of the
problem of hydrate blockage during deep water gas well testing. Liu et al. (2018a) hav
established a quantitative evaluation model for the risk of hydrate deposition in wellbore for dee
water gas wells testing [5ln addition, Liu et al. (2018b) analyzed the risk of hydrate formation
and blockage under different flow patterns, considering the 4midtse flow pattern in wellbore
during the blowout period of gas well cleaning and combining the formation condittmhs a
sedimentary characteristics of hydrate [6]. It provides a theoretical basis for hydrate prevention
deep water gas well cleanup stage.

Methods for conducting research include theoretical methods, experimental methods, and softw:
simulation methods7F11]. This study is based on PIPESIM software. Aiming at the-eletinup
stage of deep water gas well, the influence of temperature and pressure on hydrate formatior
analyzed. Then the temperatymessure field of wellbore and the formation of hyeriatwellbore

are analyzed by the method of temperapnessure field coupling. Taking a deep water gas well
as an example, the critical conditions of hydrate formation during backflow are analyzed. Finally
economic and effective measures for hydratk geevention and control during well cleaning
stage are put forward.

2. THE FORMATION OF NATURAL GAS HYDRATE
When a certain gas composition and-tiqgid ratio are available, appropriate temperature and
pressure are needed to generate hydrate. Fig. 1 shewshase diagram of gas hydrate under a
certain composition, and Fig. 2 shows the phase equilibrium curve (tempguedssere) of gas
hydrate.
50 ¢

——Typel hydrate phase equilibrium curve 30
20 Type2 hydrate phase equilibrium curve 20 +
Phase diagram
§ Critical point 10 r
330 Water dew point line v o
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5 ——Water ice line T
173 —
20 | 8-10
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Figure. 1. The phase diagram of natural gas Figure. 2. The phase equilibriumucve
under a certain composition. (temperaturepressure) of hydrate under a

certain natural gas composition.

Natural gas hydrate is easy to form under high pressure and low temperature. With the increase
ambient temperature, the pressure required for hydrate formation is Hiyhé¢he contrary, the
external pressure environment is higher, and the temperature range for hydrate formation
enlarged. That is to say, hydrate can be formed at higher temperature, but in the high pressure a
the temperaturpressure curve tends te lat, that is, the pressure increases. The increase of
critical temperature of hydrate formation decreases.

3. RISK ASSESSMENT OF HYDRATE FORMATION IN DEEPWATER GAS
WELLS & TAKING A SOUTH CHINA SEA DEEP WATER GAS WELL AS AN
EXAMPLE

The following is an examplof a deepwater gas well. The related data of a deepwater gas well ar
shown in Table 1. The composition of natural gas is shown in Table 2.
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Table. 1.Basic data for deepwater gas wells. Table. 2.Natural gas composition.
Parameter Value Components Content %

Seawater depth 1300m CH, 88

Internal diameter of riser 482.6mm C,Hs 5,4

Casing depth 3400m CsHg 0,56

Casing size 9-5/8' ~36 i-C4H1o 0,3

Formation pressure 39MPa n-C4H1g 0,45

Formation pressure coefficient 1.2MPa/100m i-CsH1o 0,13

Formation temperature 893 n-CsHy, 0,11

Geothermal gradient 3.873 /100m Cs 0,1

Sea surface temperature 203 N, 3,1

Total amount of completion fluid 1380nt Co, 1,85
Completion fluid density 1.3g/cni
Condensate ojas ratio 50g/n?

Salinity offormation water 0

Next, through the analysis of the well cleaning and blowout release system, the critical conditic
of no hydrate formation is obtained.

(1) Hydrate formation can be avoided by controlling wellhead pressure below 11.7 MPa c
releasilg gas volume above 20 mmscf/d under original formation pressure.

45 -

40 + 8MPa
35 | — 10MPa
11.7MP.
=30 | a
% 14MPa
@’25 [ ——Hydrate line
520t

4
S5t
10 +

5

1 1 1 1 y

-20 0 20 40 60 80 100
Temperaturey )

Figure. 3. Hydrate formation conditions under different wellhead pressures

It is found that with the increase of wellhead pressure, the wellbore tempeyedsseire curve
moves to the yper left step by step. When wellhead pressure is 11.7 MPa, the temperature
pressure curve intersects with the hydrate line, indicating that hydrate will not be formed. Whe
wellhead pressure increases further, hydrate will be formed. When the wellhesuatgiiesl1.7
MPa, the amount of gas released is 20 mmscf/d, so controlling the wellhead pressure below 1
MPa or the amount of gas released above 20 mmscf/d can completely avoid hydrate formation.
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(2) The difficulty of hydrate formation increases witle tthecrease of formation pressure.
45

40 31MPa
35 33MPa
T30 [~ 35MPa
S5 | 37MPa
[ .
5 ——Hydrate line
@20 f 4
[%]
[}
a 15
10
5
0 : . : : . ,
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Temperaturey )
Figure. 4. Hydrate formation conditions under different formation pressures (25mmscf/d).

When the injection volume is fixed at 25 mmscf/d, with the formation pressure decreasin
gradually, it can be found that the aage pressure in the wellbore decreases gradually, and the
wellbore temperaturpressure curve is more and more lower. However, the temperature in the
wellbore is higher as a whole due to the large injection volume, and the high temperature inhibi
the fomation of hydrate. It can be found that hydrate will not be formed when the bottom hole
pressure is 37 MPa, 35 MPa, 33 MPa and 31 MPa. With the decrease of formation pressure,
gas well will not be able to maintain 25 mmscf/d for blowout. The temperptassure curve is
shown in Fig. 5.
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Figure. 5. Hydrate formation conditions under different formation pressures (15mmscf/d).

(3) The formation of hydrate can be effectively inhibited by using the completion fluid formula
containing a certain amount sélts.
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Figure. 6. The influence of different sodium salt content in completion fluid on hydrate formation.
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Adding a certain amount of sodium or potassium salts to the completion fluid can stabilize th
wellbore and balance formation pressure. At tame time, these salts are salt inhibitors that
inhibit hydrate formation. In order to evaluate the inhibiting effect of salt content on hydrate
formation, this paper analyses the situation when the discharge volume is 15 mmscf/d. The resl
are shown in ig. 6. With the increase of salt content, the hydrate line shifts to the left gradually,
indicating that the more difficult hydrate is to be formed, and it can effectively inhibit the hydrate
when the content is more than 2.5%.

4. HYDRATE CONTROL MEASURES
At present, there are many methods to prevent and control wellbore hydrate. The following a
widely used:
1. Hydrate injection inhibitor method.
2. The surface of the tubing is coated with an anaerobic layer.
3. Insulation and insulation method.
4. Downhole gas nozzidrottling method.
The above methods can play a certain role in hydrate prevention and control, but if only blindl
using inhibitors, the effect of hydrate prevention and control can be achieved, but it will caus
economic losses due to the use of inkitstin large quantities. Although the methods of coating
the surface of tubing with anaerobic layer, heat insulation, and downhole gas nozzle throttling ci
play the role of hydrate prevention and control, the effect of prevention and control is limided, a
also require huge economic investment.
In view of safety and economy, several countermeasures which are helpful to the prevention a
control of hydrate are put forward.
1. Adopt a reasonable discharge system. Reasonable control of injection presstipetor ou
2. In the completion process before gas well testing, the formation of wellbore hydrate an
the formation of flow barrier can be effectively avoided by preparing and using a certair
salinity or hydrate inhibitor, and the amount of hydrate inhibitoh@later stage can be
reduced.

5. CONCLUSION

1. Natural gas composition, temperature and pressure environment, formation water salinit
condensate oil gas ratio, inhibitor type and content have different effects on gas hydra
formation. In particular, H2S ceent in natural gas components has the greatest influence on
hydrate formation. For deep water gas wells, methanol is the best choice of hydrate inhibitors

2. For a specific deepiater gas well, the critical conditions for hydrate formation and blowout
release system can be determined.

3. Reasonable blowout release system can economically and effectively reduce the hydrate risk
the wellcleanup stage of deepater gas wells.

4. Hydrate formation can be avoided by controlling wellhead pressure or gas flow thte an
configuring completion fluid with certain salinity during well cleanup (blowout release) stage.
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The Flow Pattern And Pressure Gradient Of GasLiquid Two Phase Flow
In The Vertical Pipe With Rotary Inner Boundary

Shuzhe SHF, Xiaodong WU, Ziyao ZHONG
Oil and Natural Gas Engineering College, China University of Petroleum, China

ABSTRACT
As there is pumgand rod in the well, the interference of damiid two phase flow will lead to the
changes of flow pattern and pressure gradie
So, I n order to study fl ow p a tstigeid two phasel flow r e
along the pipe with a rod, use a partially transparent plexiglass pipe containing a screw pump, t
pipe has an inner diameter of 88.9mm and length of 7m. Conducting the experiments in differe
rotation rate, Obtaining the flow piatn transition of bubble flow to slug flow when the pump is
working; Comparing to the rodless flow pattern transition model, obtained the modified flow
pattern transition model with the rotation rate of 30r/min, 60r/min, 90r/min. Based on the begg:
bril met hod, adding a rotational resistance c«
the variations of pressure gradient with different rotation rate in the pipe and get the pressu
gradient formula of different rotational rate. The results shtbwthat: (1) At the same liquid
superficial velocity, the transition of bubble flow to slug flow occurred earlier in rodless pipe; (2)
The modified beggbrill method can reflect the influence of rotational rate on pressure drop well,
as the rotational ratincreases, frictional resistance increases at the same time, but the degree
increase is small; (3) As the increase of gas superficial velocity, the total pressure gradient dro
and the drop rate of pressure gradient decreases gradually.

KEYWORDS- Screw Pump Rotation, Gas Liquid T"Rbase Flow, Flow Pattern Transition,
Frictional Pressure Drop

1. INTRODUCTION
In the process of oil and gas production, the study ofphase flow plays a key role in the
optimization of production. The changes of gamilil twophase flow velocity and void fraction
make the twephase mixture shows different flow patterns, and these different flow patterns alon
the pipeline will interfere the pressure gradient and the mixture density, etc.
A large number of experimentseve conducted by DufiRos [1] in 1960s, and the transitional
boundaries of different flow patterns in rodless wellbore were given. They also had the formula «
void fraction and pressure gradient of different flow patterns.
Orkiszewski [2] analyzed the oltiethods with field data in 1967. He made a detailed inspection
of the methods with field data, chose a better method for different flow pattern. He combined wit
the results of his experiments, then the equations ofptvese pressure drop in the vertical
pipeline and the transitional boundaries of different flow patterns were given.
At the beginning of 1970s, Aziz, Govier and Fogarasi [3] gave the flow pattern along the pipelin
into following types: bubble flow, slug flow, transition flow, annular flomdamist flow. In the
same time, he had the transitional boundaries of different flow patterns, and he puts forward a n
method to calculate the pressure gradient.
At the beginning of 1980s, TaitBlorneaDukler [4] made the mechanism of different flow
pat er nsd® transition as a starting point, h
transition, and obtained the model to descHt
flow pattern regime.
At the same time, based on the previous schotasearch, Chen Jialang [5],[6] had obtained the
idrag coefficient methodo f-bquidtwogphaseuflbvain a pipg t
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according to the field data. Subsequently,
thepressure drop of the oil, gas and water flow in the pipe.

In the middle of 1980s, through the experimental study, Caetano [7],[8] detailedly described tf
various types of annulus fl ow, at the same
vertical pipe flow pattern in the annular pipe, obtained the eccentric and concentric annular flo
pattern regime in vertical pipeline.

At the beginning of 1990s, Ansari [9] and other scholars obtained the flow pattern identificatiol
methods of gafiquid two-phase flow. They studied the the characteristics of each flow pattern
and obtained the model to depict the characteristics of bubble flow, slug flow and annular flow.
After 1990s, many Chinese scholars have also studieghhase flow models and mechanisafs
pressure drop, obtained a lot of achievements[18], many of their mechanisms adopted Hasan,
Kabir, Ansaridéds theory.

For a long time, the scholars were doing experiments of rodled#jgastwo-phase flow and
annular twephase flow in different jpie angles. In the oil field, there normally are rod pump and
screw pump in wells, so the research of the annular flow with rotating inner boundary is very rar
we need to focus on gas liquid typhase flow in the wellbore with rotational rod. In the actua
screw pump wellbore, when analyzing the gas liquid-plvase annular flow, it is necessary to
consi der the rodds influence, t hat i's to ¢
normal annular flow is: when there is the digsiid two-phaseflow of rotating inner boundary, the
changes of rod diameter, rotational rate, gas and liquid velocity will lead to the difference of ga
liquid two-phase average density and void fraction, which would affect the flow pattern anc
pressure gradient. Zhangdh [ 14] and ot her scholarsdé stud
of inner and outer boundaries has bigger effect on siplggse flow pattern, and the effect is more
obvious as N becomes larger. But now there is no relations of rod rotating flate pattern and
pressure drop. This experiment research obtains théiogad flow pattern and pressure in the
pipeline as the rotating rate change, when have the determined diameter ratio.

The rotating inner boundary of the gaguid two-phase flow egeriment research on the different
flow patterns between rod rotating condition and the rodless condition in a vertical pipeline, w
also modify the flow pattern regime. When the rod rotating at the rate of 30r/min, 60r/min
90r/min, bringing in the flowesistance coefficient in the beggsll method, and modifying this
method to calculate the change of pressure gradient in the pipeline more accurately.

2. THE DEVKCE AND METHOD OF THE EXPERI MENT
The experiments adopt single layer simulation pipe, ther8 smperature sensors and 4 pressure
measuring points from the top to the bottom. The diameter of pipe is 88.9mm. There is a rod whi
has the diameter of 30mm, ités effective | €
rotate the rod. Arrarigg a onemeter transparent section in the middle of the pipe to observe, anc
the other sections are stainless steel. Experiments were carried out at room temperature,
variation range of gas volume flow rate is 0m30m3/h, the variation range of liguvolume
flow rate is 0Om3/Fbm3/h. The experimental device flow diagram is shown in Fig. 1.

The water circulation system is mainly composed of a buffer tank, a liquid storage tank, a
injection pump and valves.

The gas circulation system is mainly comspd of an air compressor, an air tank and pressure a
regulating valve.

The data collected by data collecting system which are gas flow rate, liquid flow rate, temperatur
and pressure.
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Figure 1: the changeable inner boundary pipe flow experimentakdeyl-pressure sensor;-2
rod; 3-partly visible pipe; 4air compressor; 5volumetric flow meter; &alve; Zcentrifugal
pump; 8liquid storage tank; Sbuffer tank.)

The experiment process: I nspecting i fStatinge |
the pump to fill water into the wellbore, maintain a constant rate of liquid flow; Start the screw
pump at a certain velocity, then switch on the air compressor, regulate the pressure regulat
valve, and change the gas flow gradually; Startectilhg data when the twghase flow rate and
pressure are reached a relatively stable state; At the same time, observing and recording fi
patterns in different conditions, when reach the maximum gas flow rate, stop the circulatior
change the rotationaate of screw pump then repeat the above operations. At last according to th
experimental data of each group, draw the transitional boundary charts of different flow pattert
and pressure drop charts under different rotational rate respectively. Analkeirigansitional
boundary of different flow patterns and the pressure drop under different rotational rate, and th
obtain the experimental results.

3. THE RESULT AND ANALYSIS OF THE FLOW PATTERN EXPERIMENT
In the vertical annulus ascending pipeline, tlwvfpatterns are divided into Bubble flow, Slug
flow, Churn flow and Annular flow. In the actual well, the bubble flow and slug flow are the most
common flow and they have more practical meaning, the rest of flow patterns is relatively rar
Therefore, thexperiments are mainly composed of bubble flow and slug flow.
Bubble flow: Generally believed that when the liquid flow rate is low, gas is divided into
discontinuous small bubbles by liquid. When the liquid flow rate increases gradually, bubble
combinedwith each other consist of larger bubbles. A homogeneous mixture is formed in the
annular cross section of the pipe. The dispersed bubbles usually exhibit two states, which ¢
spherical bubbles and cap shaped bubbles.
Slug flow: when the gas flow ratedreases, so does the void fraction. The bubbles grow big and
move upward, they combine with each other a
the diameter of the pipe, the liquid phase is presented as liquid film, which is located around tl
bubbles and move downward along the pipe.
When the void fraction is 0.28.3, the Taylor bubbles consist of slug; In this experiment, there is a
screw pump in the pipe. When the rotational rates of the pump were 30r/min, 60r/min, 90r/mi
respectively, webserved the transition process of bubble flow to slug flow. According to the dats
observed and measured in the experiment, it is found that the void fraction when the bubble flc
transfer to slug flow is approximately 0.29. Therefore, it is taken asahsitional boundary, and
the transitional void fraction is 0.25 in K
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Taitel established that the velocity of t he
slippage velocity US between the gas and liquid when the liquid velocity is small. According t
the formula of slippage velocity, the relation betweerpslge velocity and void fraction is:

Y Y — —s8 L)

The velocity of single bubble move upward in the pipe is:

8
Y p® o——— 8 (2)

The gas and liquid velocity af¥ —,"Y —. Because the gas velocity equals to the sum of

the liquid velocity and bubble velocity, the transfer equation from bubble flow to slug flow in
rodless pipe is:

8
Y o8TY pPTXv—— 8 (3)

Based on the void fraction, the modified transfer equation in a pipe with a screw pump is:

8
Y c¢80Y pIrYye—— 8 (4)

Usg Usi--gas and liquid superficial velocityn/s.

According to the experimental data and theoretical model, this paper compares the transitior
boundaries from bubble flow to slug flow with different rotational rate of rodless pipe and screv
pump pipe, then draws the transitional diagrams. As shiowkig. 2, 3 and 4, which are the
contrast of modified transi t-waten and expesirdeatal datag a
when the screw pump works at the rate of 30r/min, 60r/min, 90r/min.

10

E ] LA N A Y

0.1

Usl(m/s)

0.01

Caetano's model
0.001 modified transitional model
experimental data with a screw pump

# rodless experimental data

0.0001

0.01 01 1
Usg (w/s)

Figure 2: The contrast of modified transitional modei t h Ca et a n-wabes ancho d e |
experimental data when 30r/min
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Figure 4: The contrast of modified transitional modetwh Ca et a n o-&ader)and d e |
experimental data when 90r/min

The horizontal axis is the superficial velocity of gas, the vertical axis is the superficial velocity o

i quid, bl ue and orange curves wer erespeatigelya n o
left area of the curve is the bubble flow, right area of the curve is slug flow. According to the dat
from these diagr ams, the caetanods model al

point on the curve is different obviously, miy due to the difference of the void fraction caused
by rotation of screw pump; There is also the difference of the transitional boundaries between
rodless pipe and a pipe with a screw pump can be seen: At the same superficial velocity of liqu
the tansition from bubble flow to slug flow in the rodless pipe is earlier.

4. THE RESULT AND ANALYSIS OF PRESSURE DROP EXPERIMENT
In the twephase flow process of the actual wellbore, getting accurate pressure variation in tr
wellbore has very important inflaee on the optimization of oil and gas wells and rod selection, it
also plays a positive role in improving and stabilizing the production. When calculating the

59

2019.iccesen.org 2019%@epeail.com



Proceedings of CCESEN019 -2723ctober 209, Antalya-TURKEY

pressure gradient, the begnsll [16] method is adopted. The method can be used to calchkate t
gas liquid two phase pressure in the wellbore of all kinds of angles. In the case of screw pun
using hydraulic diameter instead of pipe diameter to calculate the pressure gradient. The rotatio
resistance coefficient is introduced by regressionyaislit is calculated by least square method
combined with experimental data. Finally, we could obtain the modified Hegbgmethod which
could be used in the pressure calculation of existence of rod in a pipe.

Due to the existence of gas in the jgsiid twophase flow experiment, the measured
instantaneous pressure and flow rate data are unsteady, so calculate with average value of
measured data to reduce the error. We measured the pressure data when the screw pump rota
the rate of Or/min3 0 r / mi n, 60r/ min, 90r/ mi n. Compar.i
different rotational rate, and find out the relationship between them, then modify thel#iggs
equation. The modified one would be applied in actual situation better.

There are $ressure measuring points from the bottom to the bottom on the wellbore. The pressu
measuring point 1 is located at the outlet of the pipe, which can be considered that connected w
the atmosphere. The other 3 measuring points are arranged downwarehtse In the
experiment, we measured pressure data of each pressure measuring point at different rotating r
with different liquid and gas flow rates respectively.

The frictional pressure formula of beggsll method is:

— —"8 ®)

In the experiment, because there is a screw pump, the frictional resistance is represented b
rotational resistance coefficient f (Db)ythewhi
rod rotation and inner surface areabs augme

— o _—"8 (6)

b is rotational rate.
The modified begsrill equation by eqn. (6) is:

— - 38 7)

Making the bottom pressure as beginning, calculate the pressure under different flow rate from t
to bottom (a total of 3 pressure points), then fitting theeerpental data, genetic algorithm was
used to determine the rotati o®587). Calorlationshad n
achieved convergence criterion, making the error between experimental data and the calcula
data as small as possible. heomparing the experimental pressure data and the pressure
calculated by the model.

Figure 5, 6, 7 present the pressure curve calculated bydoidigeethod, pressure curve calculated
by modified method and experimental pressure curve at the rotatiealf 90r/min. Figure 8, 9,

10 present pressure curve calculated by #edismethod, pressure curve calculated by modified
method and experimental pressure curve at the rotational rate of 60r/min. Figure 11,12,13 pres
pressure curve calculated bygséorill method, pressure curve calculated by modified method and
experimental pressure curve at the rotational rate of 90r/min.
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Figure 5: the contrast of the beggsill pressure curve, modified formula pressure curve and experimental
pressure curvetahe first point when 90r/min (BB represents pressure calculated byhidgEX
represents experimental data, MO represents pressure calculated by mfafifieda)
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After the calculation and analyzing, we obtained the following conclusions: Due to the increase
area between gasi qui d mi xture and the rod, the r o
larger as the rotational rate increases gradually, then compare with the experimental data, it
found that the error is relatively small (as shown in Tabld=@j.higher rotational rate, the error
between the modified begdsill method and the experimental data is small, but the error between
the beggrill method and the experimental data is rather big. When there is a lower rotationz
rate, the modified begepbrill method and beggsrill method have few differences, and the error is
also small. The above conclusions indicate that the modified formula is more suitable for hig
rotational rate. When the rotational rate is relatively low, the rotational reséstanefficient is
small, and influence on the calculation results can be neglected.

Table 1:the maximum error and average error of the modified BB method when rotational rate

are 30r/min, 60r/min and 90r/min

error
Maximum error Average error
Rotational rate
30r/min 2.19% 0.78%
60r/min 2.84% 1.22%
90r/min 4.52% 1.94%

Putting the pressure gradient curve and superficial gas velocity curve in the same graph, we co
compare the pressure gradient changes as superficial gas velocity increasebevgloeswt pump
works at different rotational rate. It can be seen that as the superficial gas velocity increase
pressure gradient decreases gradually, and the pressure gradient decreasing speed bec
smaller; As the screw pump rotational rate becomghehnj the pressure gradient is relatively
larger, but the difference between these pressure gradients is small.
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Figure 14:the variation of the pressure gradient with different superficial gas velocity under
different rotation rate
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5. CONCLUSION

1. Whentheodds rotating speed respectively a
can be seen that under the same liquid superficial velocity, the gas superficial velocity is low
when the transition of bubblow convert to slug flow occured in the rodlggpe model. At the
same time, according to the experimental data, the modified model shows better performance
the boundary of flow pattern transition.

2. Because of the inner boundary effect caused by the rod, the frictional resistance compar
withrodlss wel | bore has obvious increasement. L
of the frictional resistance due to the increase of rotational speed, and fitting the formula, then t
relationship between b an dredrwihtthe experimental datapitise d
found that the error is small, so the fitting formula has a good performance;

3. As the rotational speed of the screw pump increases, the frictional pressure drop gradua
increases, but the increase amplitude of tletidn pressure drop is small;

4. The total pressure gradient decreases as the increase of gas superficial velocity, and
decrease amplitude of pressure gradient is gradually reduced, and the decrease degree of
pressure drop also decreases with tieedase of gas superficial velocity.
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ABSTRACT
With the use of radiation in many areas daily life, radiation protection has gained great
importance in terms of human health and the environment. Time, distance and shielding are thi
basic rules of radiation protection. The most effective of these three rules is shielding. In th
study, thegamma attenuation coefficient for magnetite aggregate concretes were measured usin
gamma spectrometer containing a Nal (TIl) detector and MCA at 0.835 MeV. The obtaine
experimental results were compared using the FLUKA Monte Carlo code and XCOM.

KEYWORDS: Gamma ray attenuation, magnetite, gamma spectrometer, FLUKA

1. INTRODUCTION
The radiation was widely used around the world in medical treatments as well as the application
thousands of usage throughout developed societies. The major sources ofjicidiose to the
public are natural and medical sources of radiation. Any source of radiation, as with most hospi
radiation sources and some industrial processes can be entirely shielded to protect workers and
public (Akkurt, 2013c; Akkkurt, 2010}-LUKA is one of the most preferred simulation codes. It
uses the Monte Carlo technique to simulate transportation and interaction with the matter of abc
60 particles over a wide energy range with high accuracy (Waheed, 2018).

2. MATERIALS and METHODS
2.1 Gamma Spectrometer System
The gamma spectrometer consists of a detector type 3"x3" Nal(Tl) detector by ORTEC Inc., with
resolution of 7.45 % for 0.662 MeV (measured experimentally). counting electronic system (hig
voltage, preamplifier, amplifier 1&3-channel Multichannel Analyses (MCA)), and a PC (where
software was installed) to record data (Akkurt, 2011). In order to reduce the background level |
the system, the detector is shielded using lead shielding on all sides. Figure 1 shows a schem
description of this spectrometer that was used in this study (Akkurt, 2015).

MCA Amplifier Hv PC
Source

Pb Shield
Samples

ki

s

Nal(TI) f

| K-
—
det. ©

a3
olog:
o)

Figure 1. Schematic view of the experimental system setup

2.2. The FLUKA simulations
The simulation of the Nal(Tl) detector by FLUKA code should be modeled with the best possibl
accuracy. The geometry of FLUKA simulation exactly to the practical measurement properties, tt
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physical volume, the mother volume, and sensitive volume were implemented in the wor
accordingly using (FLUKA 2011.2 x 7, July 2019). (Ferrari, 2005), thscrifgion of the
interaction of the incident particles is importance during prepare the input file (Joel, 2018). Figur
2. lllustrate practical geometry, side, and pack shielding and covered all by lead shielding
illumination background, Figure 3. llitrate the geometry structure related to selection
configuration.

e -
Figure 2. The experimental configuration Figure 3. FLUKA simulation geometry

3. RESULTS
The linear attenuation coefficient of magnetite aggregate concretes by usingethads during
experimentally, and by using the FLUKA Code program. The result was obtained using-gamm:
ray energy 0.835 MeV.

0.835 MeV

B FLUKA BEXP

0,185

0,18

0,175

pemt

0,17 -

0,165 -

0,16 -

0,155 -
0% 50%

Magnetite Rate
Figure 4. Linear attenuation coefficient for 0.835 MeV

4. CONCLUSIONS
Depending on the linear attenuation coefficient resthies adding Magnetite Aggregate Concretes
seem to be better attenuator values. The content of elements with high atomic masses contribt
to the attenuation capability of concrete. This concretes compounds in a positive way. From tf
point of view, it ca be stated that the chemical property of a Magnetite Aggregate Concretes has
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strong effect on radiation shielding properties. FLUKA are powerful tools to be used in sucl
radiation shielding studies.
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Experimental Study on Relative Permeability Curves in the Whole Process
of High-salinity Water Flooding and the Followed Lowsalinity Water
Flooding

Su Wenbo', Liu Yuetian®’, Kong Xiangming®, Fu Jia}, Zhang Junru®, Ren Xingnan'
1. State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum(Beijing),
Changping, Beijing102200, China
"lyt51s@163.com

ABSTRACT
Considering the fact that low salinity water flooding(LSWF) can significantly improve oil
recovery after carrying out high salinity water flooding(HSWF) tegain water content. The oil
water relative permeability curves were determined by a conspeeid unsteadstate method
during the whole process with HSWF to a certain water content about 80%, 90%, 100% followe
by LSWF. The results showed that when/\lS was carried out after HSWF, the-uviter relative
permeability curves have been changed obviously. The water relative permeability and wat
content decreased first and then increased, meanwhile that the oil phase relative permeabi
increased firstand then decreased; With the same permeability level, the earlier transferred t
LSWF, the greater change of -gikiter relative permeability during LSWF, the larger the span of
two-phase region, and the higher ultimate recovery.

KEYWORDS- High salinity water flooding Low salinity water floodingRelative permeability
curves;Transfer time of low salinity water floodjn

1. INTRODUCTION
LSWF, as a hot enhanced oil recovery (EOR) technology in recent years, has gained more ¢
more attention due to its highotential in enhancing oil recovery beyond conventional (high
salinity) water flooding. The current study on the relative permeability curve of LSWF only aims
at the secondary oil recovery stage, figuring out the difference between HSWF and LHWF[1
There is no study on determining the relative permeability during the whole process from HSW
to LSWF. In order to obtain the eiater relative permeability curves, we have selected the
artificial core parallel samples with different levels of permeability ased the nosteadystate
method to measure the relative permeability of the whole procedure. The results have great va
for the development of LSWF and its application in oilfields.

2. EXPERIMENT
The experimental device is mainly composed of three nesduhjection system, model body,
flow and pressure measurement system. Since the clay minerals are of great influence
LSWH4], the cores used in the experimeme speciallydesignedquartz sand epoxy cementt
cores, whichcore rich in clay minerals. le average permeability dhe coresis 1.48D. The
physical properties of the cores are shown in TablEhe composition and salinity fo the saline
are shown ifrable2. The oil/waterrelative permeability was determined by the unsteady method
with a congant velocity. The experimental data were processed by JBN mBthod|[

3. RESULTS AND ANALYSIS
When core Als floodedby high salinity water (FW) to a water content of 8Qk&n flooded with
low salinity water (FWL100) until no oil flows out. The curve ofdhrelative permeability of the
whole process is shown in Figute After thewater salinity changesthe water content decreases
and then rises, the oil relative permeability increases and then decreases, the water relative.
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Tablel Petrophysical parametsrof the artificial cores

No. Diameter, mm Length, mm  Porosity, %  \watermeasured permeabili/f’,mz
A-1 25.30 82.16 30.5 1.475
A-2 25.30 82.14 30.7 1.482
A-3 25.30 82.08 30.8 1.493

Table2 The ion concentration and salinity of thenes

Brines lon concentratiofmg/L) Salinity
Na" ca* Mg?* K* HCO;  SO2 cr (mglL)

FW 75009.6 13626.8 1748.0 1170.9 4227 1116.7 1451349 238460.5
FW-100  750.1 136.3 17.5 11.7 4.2 11.2 1451.3 2384.6

permeability decreases and then increases.oflhelative permeability has a larger change than
the water relative permeabilityWhen cor A2is floodedwith high salinity water (FW) to a water
content of 90%then flooded witHow salinity water (FW100) until no oil flows out. The curve of
therelative permeability of thevhole process is shown in FigueOverall, he change of water
content and oilvater relative permeability in Figuzis similar tothatin Figurel. The difference
is that, when the water contereache®0%, the oHwater rehtive permeability has smaller change
in the LSWF stage than thawith water content 0B0%, and the residual oil saturation of the
former is less than that of the latter.

l —

= = =
. o &a
T T T

e
[
T

Relative permeability

0 | I I |

0.2 0.4 0.6 0.8 1
S'\'\F

—=011 —Water —8— Water Content

Fig.1 The oilwater relative permeability curves in core Al of the full term wfdalinity water
flooding after high salinity water flooding reaching to 80% of water

When cor A2is floodedwith high salinity water (FW) to a water content of 100%€n flooded

with low salinity water (FW100) until no oil flows out. The divaterrelative permeability cuey

is shown in Figur8. Overall, thechange of water content and-wikter relative permeability in
Fig.3 is similar to Figl andFig.2. However, when the water content reaches 100%, the water
content and oilvater relative permedty have the smallest change, comparing to 80% and 90%
water content, and the final residual oil saturation is also less than that when the water conten
80% and 90%. Thperformance obil production is the worst.
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Fig.2 The oilwater relative pemeability curves in core A2 of the full term of low salinity water
flooding after high salinity water flooding reaching to 90% of watetr
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Fig.3 The oilwater relative permeability curves in core A3 of the full term of low salinity water
flooding afte high salinity water flooding reaching to 100% of watert

4. CONCLUSION
(1) WhenHSWF until the water contenteaches certain level and transfedto LSWF, the oil
water relative permeability curve changes significantly. diheelative permeabilityricreases and
then decreases, and thaterrelative permeability decreases and then increases.
(2)Whenthe cores have the same permeability level, the eafighe change ofvater salinity
brings about the greater variation of the-wdter relative peremability, the larger oilvater co
infiltration area, and a larger recovery factor. Therefore, aeatysferof LSWF is conducive to
improve ultimate recovery.
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ABSTRACT
Simplified local density (SLD) model is a widely accepted and utilized model for the adsorptior
experiments of activated carbon, coal and gas shale. However, its accuracy has not been ens|
considering that specific surface arelit-gore size, and solidolid interaction energy all need
regressions for the utilization of SLD model on experimental samples, due to the uncertainty of tl
physical properties. The accuracy could not be determined considering too many regress
parametes and the regressions are various in different literatures. Therefore, it is necessary
validate the SLD model by molecular simulation (MS) results without parameter regressio
instead of experimental results, and figure out its applicability on thealreadsorption
simulation, which is meaningful for the better acceptation and application of SLD model.
In SLD model, the parameters (i.e., specific surface areqasiit size, and sokidolid interaction
energy) all utilize the same data with MS, aralthe most common treatment, the correction
p a r a me)tfoe covolume modification in Pen&obinson equation of state (PR EOS) is set as
-0.2. At the fixed condition (pore width 1.12 nm, temperature 298 K, pressure inte2@a\i®a),
by comparing the ethane adsorption density of SLD and MS, the deviation varies with pressure
and is 19.02 % at 20.327 MPa. | t indi cates
is inappropriate for theoretical adsorption simulation. Based on the SLD modle dixed
pressure, the calcul ated adsor p,tHereim baped ensttees s
positive correlati on,odldbeexpréssed aswha positiva expornemtial
function of pressure. With the new expressithe average absolute percent error (AAD) of SLD
model is reduced from 24.96 % to 5.87 %. Therefore, the SLD model with the new expression
Sy is accurate enough for theoretical adsorption simulation, which makes sure that SLD model
totally applicableto theoretical adsorption study and prediction, in addition to the conventional
experimental data interpretation.

KEYWORDS - Simplified local density (SLD) modePengRobinson equation of state
Theoretical adsorption

1. INTRODUCTION
SLD-PR model is anféicient and popular tool for experimental adsorption interpretation and the
pore characterization. But SEBPR model 6s accuracy on theor
unknown, which restricts the mode&] @ad demsiyi | |
functional theory (DFT[B]. Herein, we validated and modified the SER model for an accurate

theoretical adsorption simulation. In our research, erbyess adsorption was considered.

2. MODEL VALIDATION AND MODIFICATION
2.1.The SLD model
SLD adsorption model is the combination of PR EOS and-fikall interaction potential model.
The adsorbed density at a particular position of the pore could beatattdirstly. And by
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integral the adsorption in a pore could be obtained. The detailed expressions of SLD model coL
refer to our previous pagdéj.
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d yyreuld ibecobtgined for ensuring the theoretical adsorption
accuracy of SLD modeThe formula could be obtained as below.

1)

Where,p and p.; are pore pressure and critical pressuepasately.By comparing the adsorption
curves of SLD model with different values gf, the dynamics, ensures the accuracy of SLD
model for theoretical adsorptigRig. 1a) Except the extemely low
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pressure, theeviations of adsorption value at different pressure are all much lower than 10%
shown in Fig. 1b.

2.3.Discussion

Controlled by the fixed fluigsolid interaction(Fig. 3a) at 20.327 NPa , | ower presalts ue
in larger adsorbed density distrimris (Fig. 3b) It indicates that, the adsorption possesses
negative relationgshilhewi tndnadrécton ik thdg thes positive argd
negative values could make the adsorption value to be lower and larger than the origin
adsorpion value, separately.
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4l o.60l 20.327 MPa (b))
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Figure 3. T h e e f fore density distribgtion. (a) the fluidall interaction potential. (b) the
density distri bvaltesat 20327MPa. di f f er ent

With the dynamic sb or t h e dorbed @ahsitysminimima kas o )
positive relationship with pressure, same as the relationship of bulk density and pressul
However, for the adsorbed density distribut
adsorbed density maximum arises with ptee at first and then declines, which could be
explained by the effect of bulk density and is consistent with the previous research, proving tt
correctness of dynamic sb.
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Figure 4. The effect of pressure on density distribution for two differentks o f sb v .
dynamic sb, (b)) sb=0
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For further validation of dynamic sb, s how
wal | properties were utilized. The SLD moc
adsorption curves, whilhte adsor pti on curves obtained by
fit well with the MS data. The wvalidation wu
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Figure 5. Further validation of modified SLD model witlynamics, valueat different wall
propeties.

3. CONCLUSION
With the dynamics,, the SLD model could be as accurate as MS method, for theoretical
adsorption.The dynamics , could reveal the correct effect of bulk density on excess adsorbed
density that the maximum density arises with pressuriesaiahd then declinegor the pore with
various properties, the dynangg is still appropriate for theoretical adsorption.
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The Potential of ColdWater Damage on a High Pour Point Reservoir
after Long-Term Injection
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ABSTRACT
High pour point oil is a kind of temperature sensitive reservoir. After-teng cold waterflood
development, it is necessary to evaluate the degree or potential possibility -efatefddamage.
In this study, the oilvater relative permeability curves, oil recovery and oil components under
different displacement PV number at different temperatures were studied by using live oil ar
artificial-made 1m long cores under the current formation pressure (12 MPa). The results shc
that the decrease of temperature will lead to the decrease of flow capacity of crude oil at
injection water, the increase of residual oil saturation and the decrease of oil recovery. Mo
importantly, the retention of heavy components in the pores dibtheation is deepened at low
temperature. It is suggested that the development plan should be changed and the inject
temperature should be increased to reduce the impact of cold damage. This study is helpful
deepen the understanding of the cold dgenphenomenon of high pour point oil and reduce the
adverse effects of lontgrm lowtemperature water injection.

KEYWORDS- High pour point oil reservoirQil-water relative permeability; retention of heavy
components

1. INTRODUCTION
The crude oil with wa content more than 20% and the pour point (PPT) higher thad 49
called high PPT oil*®. The high PPT oil reservoir is extremely sensitive to temperature. When
the temperature is lower than the wax appearance temperature (Wh&Tprecipitated wax
crystals increase the viscosity of the crude oil to make the flow capacity worse; and at the sal
time deposit in the pores and the throat, reducing the reservoir permeability and porosit
Eventually, the oilfield production will decrease and the watection pressure will increase, this
phenomenon i-watcearl | #8imadgaecdlids generally confi
damaged in the high PPT oil field where thi
is morethan 100, such as the s84 field studied in this paper. However, after a long period o
cold-water injection development, some phenomena show that the oil field is experiencing col
damage. The main purpose of this paper is to use the long core displaegpeimental device
to obtain the accurate eiater relative permeability curve and oil displacement efficiency, at the
same time, to obtain the migration rule of heavy components in the core, and then to evaluate
potential of cold damage.

2. MATERIA LS AND EXPERIMENTAL PROCEDURE
The live oil sample used in the experiment was compounded by dead oil collected from the grou
wel |l head and dissolved gas. The dead Cphigh se¢
WA T ( &) mesliatdviscosity5.84cP at 100(C), high wax content (55.18%). A total of 1m
long artificial core is used in the experiment, and about 3% clay is addech can be wre
realistic simulation of reservoir damage
The experimental equipment mainly includes ISCO pumpg kore holder, back pressure valve
(BPV) and incubatorand the experimental flow chart is shown in FigureThe experimental
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process includesa) Thecore samples were evacuated for 1 h and then saturated with formatiol
waterfor 1h under 78€ and 2MPgBPV) ; b) The3 PV of kerosene was injected through the core
under 2MPa (BPVuntil no water was produced to achieve thmmobile water, then rgdually
pressurize the system to MPa (BPV); c) thekerosenewas displacedvith 2 PV of live oil to
achievenitial oil saturatiorunder 12MPa (BPV); d)educe the temperature of the incubator to the
design temperature and keep it constant fonh,12nd then use formation water to displace the live
oil until no oil productionin the outlet.Record the oil produ@n, water production and the
pressure difference between the upstream and downstream in the pitosiessld be noted that

the displacement speed of the whole experimental process is 0.2 ml / min

________ [ == = = = = = e e e = === === =g
:.L' | Thermostat caseII Thermostat case
ive oi

I Kerosene I
1.2m long core holder

I water 1 Back pressure )
1 11 valve Heating
I i
1mlong Artificial core

-

——|—_—-I-— —_———mm s ——_——

ISCO Pump Confining pressure pump

Figure 4. Schematic digram of the experimental apparatus

3. RESULTS AND DISSCUSSION
3.1. Effect of temperature on the oiwater relative permeability
As shown in Figre 2(a), temperature has a great influence on the shape of relative permeabilit
curve. With the decrease ofmtimental temperature, &rand Krw both decreased; the residual
oil saturation increased significantly, and the relative permeability of water phase corresponding
the residual oil saturation decreasédl this phenomenorindicating that the water cincreased
rapidly, and the effect of water flooding became wohseddition, he twaphase ceflow region
is narrowed, and the isotonic point corresponds to the left shift, indicating that the core wettabili
changes from water wet to oil Wét Obviouwsly, viscosity effect is the most important reason.
When the temperature isvier than 508, the viscosity of crude oil increases exponentialy
shown in Figure 2(b)At 398 , the viscosity is nearly 70 times higher than aB65

3.2. Changes of recovery

Moreover, as shown in Figure 2(Mhe recovery andvater freerecovery carbe significantly
increased by increasing temperature. Therefore, it is necessary and urgent to improve the we
injection temperature for the curreeservoirdevelopment.

3.3. Changes of oil composition

Further, &ble 3 shows the composition of oil gales under different temperatures d@npkction
PV Of water drive It clearly shows thathe lower the temperatureamdthe larger the PV number
is,
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Figure 2. Experimental curve(a) Comparison of live oilvater relative permeability curves at
different temperatures; (BYiscosity of crude oil at different shear ratasder 12MPa; (3)
Displacement efficiency at different temperatures

the lower the saturation content vghich meanghe greater the retention of heavy components in
the corelt alsomeans that if no action is taken, the retention degree of heavy components in tt
reservoir will continue to deepen, and the degree of cold damage wiltlease

Table 1. This is the Style for Tabl@aptions.

Temper at]| Injected PV | Asphaltene | resins | aromatics | saturation

0.3PV 0.37 5.74 11.26 82.63

55 0.6PV 0.51 6.04 11.77 81.68
0.9PV 0.66 6.34 12.86 80.14

0.3PV 0.77 5.48 12.12 81.63

52 0.6PV 0.74 6.64 12.18 80.44
0.9PV 0.69 6.71 13.17 79.43

0.3PV 0.83 6.73 14.22 78.22

49 0.6PV 0.72 7.46 14.58 77.24
0.9PV 0.67 8.31 15.97 75.05

0.3PV 0.73 7.32 14.21 77.74

39 0.6PV 0.68 7.84 15.28 76.20
0.9PV 0.63 8.28 16.27 74.82

Original 0.31 54 10.12 84.17

4. CONCLUSION
In this paper, the possibility of cold damage in S84 HT oil field is evaluated by long core
experiment in laboratory. It is found that with the decrease of temperature, the relativ
permeability of oil phase and water phase will decrease, the residual oil saturation will increas
the oil recovery will decrease, and the dgifion of wax crystal on the rock indicates that the
wettability will turn to oil wetness. The most important thing is that the movement rate of heav
components in crude oil decreases at low temperature, and the retention degree in the reser
increass, which will increase the impact of cold damalgegeneral, the degree of cold injury of
S84 is slight at present, but the production system needs to be changed, and the water injec
temperature needs to be increased to reduce the impact of cojd injur
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ABSTRACT
After long-term development, low permeabilitight gas reservoir faces the problems of complex
water relationship and low productivity. Firstly,-rdy CT is used to analyzihe micro pore
structure of cores; secondly, the experiments ofpf@se singlphase and gasater twophase
flow are carried out under different conditions to analyze the influence of pore structure and wat
saturation on gaphase flow. The results ev that the gas flow characteristics and gas well
productivity are mostly affected by pore structure, secondly by water saturation, and relative
little by temperature and pressure. The reservoirs with fractures are easy to form high permeabil
channel, which makes the relative permeability of gas phase increase and the water driv
efficiency decrease. Compared with laboratory conditions, under high temperature and pressl
conditions, the increase of gas water viscosity ratio results in the increadatiob permeability
of gas phase and the decrease of water drive efficiency. The existence of water phase increase:
resistance of gas phase flow and obviously reduces the conductivity and permeability of tt
reservoir. Controlling water saturation danmproving reservoir conductivity can effectively
improve gas well productivity. This study has a certain guiding significance for the analysis of ge
phase flow, the adjustment of production plan and the application of numerical simulation in lo\
permeablity -tight sandstone gas reservoir.

KEYWORDS| Low-permeability gas reservoir, Types of cores, @eter flow, Experimental
condition, Flow characteristics

1. INTRODUCTION
As an important part of oil and gas resources, low permeabdity gas reservoirare widely
distributed in the world [B]. After longterm development, gas reservoir will enter water
production period, how to improve gas well productivity becomes difficult.
Previous studies have found that pore structure and water have an impditaerice on gas
phase flow [4,5]. There are some differences between the characteristicsvedtgaswophase
permeability measured under laboratoonditiors and reservoiconditiors [5].
Taking Xujiahe Formation sandstone gas reservoir in the ceichuan Basin of China as the
target block to analyze the gas flow characteristics and optimize the plan to improve productivi
of waterbearing gas reservoir.

2. METHOD OF EXPERIMENTS
2.1. Core samples
The experiment cores are natural cores from thetthtgek. The cores with diameter of about 2.5
cm are used for gas flow experiments. The full diameter cores with diameter of 6.5 cm are used
gaswater twoephase flow experiments. The physical properties of cores are shown in Table 1
According to the bservation of core surface, if there is fracture on the core surface, it is fracture
pore type, otherwise it is pore type.
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Table 1. Some parameters of natural cores in experiments.

Cor e Lengt Di ame PorosFie_rmea Core t-
sampl (cm) (cm) (%) (0 1%emd) :
K1 4. 23 2.55 6. 64 0. 32 Por e
K2 4. 19 2.53 9. 34 0.19 Por e
K3 4. 25 2.53 6. 34 0.14 Por e
K 4 4. 42 2.54 9.19 0.06 Por e
L1 4.12 2.56 7.36 0.24 Fr acgarr
L2 4. 20 2.54 10. 8 0.19 Fr acgarr
L3 4. 29 2.55 4. 98 0.07 Fracgarr
w1 9. 45 6.60 7. 44 0.27 Fr acgarr
w2 8.99 6.58 7.13 1.26 Fr acpgawrr
W3 8.76 6.56 6. 87 0.08 Pore
w4 6. 42 6.55 8. 48 0.15 Por e

2.2. Experimental conditions
The temperature is 98 , the overburden pressure is WB°a, and the pore pssure is 30MPa
underreservoir conditioa. The temperaturas 256 , the overburden pressure idVPa, and the
pore pressure is ldPa underlaboratory conditioa

2.3. Experimental methods
The high temperature and pressure experie®ygtem is adoptednd the flow chart is shown in
Figure 1. Firstly, the pore core and fractupmore core are scanned by CT at the resolution 1
micron Secondly gas flow experiments are carried antirreducible watercores and dry core

underreservoir conditioa The methbd is to keep the inlet pressure 30MPa constant, gradually
reduce the outlet pressure to 24MPa in steps of 0.2MPa, and record the stable gas flow rate ur
different pressure differenceBinally, the unsteady state method of gas driving water is used to
carry out the gasvater twophase flow experiment under reservownditions and laboratory
conditions.

Thermostat
Core holder Back-pressure Gas
| valve i
| Pressure I I . ﬂom_nslﬂ
| gauge < N
i P p - - ||
| | | | High pret.‘iaiuni ?
el o tube H
; In = .
h 4 | Nitroger| Formation Condenser
| tank water tank
A A
I - Pump
Pressure
ﬂ ﬂ transducer J
Nitrogen
cylinder 15CO Pump Puinp Compuier

Figure 1. Flow chart of gas flow experiment
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3. RESULTS AND DISCUSSION
3.1.Pore structure characteristics
The pore distribution of porous core (F2p) is relatively dense, but the connectivity between
pores is relatively poor, and the permeability is relatively low. The pore distribution of fracture
pore core (Fig. 2b) is relatively heterogeneous; although the direct pore connectivity is poor, ti
fracture connectivity is strong and the permeability is relatively high. Therefore, the degree c
fracture development and pore connectivity are the main factors affecting permeability.

Figure 2. Pore network modsl(a: Pore type; b: Fracturepore type; cPores in Fracturepore;
d: Fractures in Fracturepore)

3.2.Gas phase flow characteristics
According toFigure 3, with the increase of pressure difference, the characteristics of gas phas
flow is from linear flow to highspeed non Darcy flow in dry ces.
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Figure 3. Gas phase flow characteristi€a: Irreducible water coresh: Dry cores)

There is an obvious starting pressure for the gas phase flow in the irreducible watgtheogas
phase flow changes from non Darcy flow to linear flath the increase of pressure difference.
Experiments show that the existence of water phase increases the resistance of gas phase f
reduces the gas phase flow capacity, and leads to the gas well productivity reduction.

3.3.Gaswater two-phase flow characeristics

According toFigure 4, the trend of relative permeability of water phase in four types of cores is
similar. Under the same water saturation, the relative permeability of gas phase in fractured core
higher. So, fractures can improve the condudly of the reservoir.
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Figure 4. Gaswater twephase flow characteristid®: Reservoir conditionb: Pore cores under
different conditionsc: Fracture-porecores under different conditions

Under the reservoir conditions, the efficierafygas dive water is higbr, so the irreducible water
saturation is lowr. And te gas phase relative permeability is high under the same watel
saturation. Therefore, the relative permeability measured under reservoir conditions is more
practical.

4. CONCLUSION
Resevoir permeability is mainly affected by fracture development and pore connectivity. Watel
phase can reduce the flow capacity of gas phase. Fracture can improve the conductivity

reservoir. Controlling water saturation and improving reservoir permegadikt effective ways to
improve gas well productivity.
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ABSTRACT

The photon attenuation coefficient results of pleraggregate concretes were calculdted62

keV energy by using GAMOS Monte Carlo code. In order to test the validity of this code, the
values of the calculated photon attenuation coefficients were compared with the previous
published experimental datAs a result of this comparison, the values calculated using GAMOS
Monte Carlo code are in good agreement with the experimentally measured values. Therefo
GAMOS simulation is an alternative technique for determining the shielding performance o
concree.

KEYWORDS:photon attenuation, pumice, GAMOS

1. INTRODUCTION
Radiation has been used for many years in the field of health research and treatment, indust
irradiation and space research. The increasing use of radiation has also made the issu®f radie
protection important. Against the stochastic and deterministic effects of ionizing radiation, th
importance of various protective materials increased in line with the protection principles. In th
laboratory, radiation protection of many materials Ib@sn studied. However, these studies can be
done with a limited number of energy. This study employs Monte Carlo method to estimate ma
attenuation coefficient. This method is used for radiation transport purposes and utilize
probability distributions ad random numbers to approximate such related quantities as flux,
energy deposition, dose, etc. There are manyld§zd codes. (Fluka, EGS etc.)
Gamos (Geantdhased Architecture for Medicir@riented Simulations) is a Gearltdsed code
system. This Mont€arlo simulation software compiled from Geant4 provides great convenience
for applications in the field of medical physics, as it does not require C ++ knowledge, has
comprehensive command language, and is easy to use. In addition, the GAMOS project
reached more than a thousand users worldwide and the reliability of the code has been verified
researchers working on various radiation applications with the support of literat@3je. [1
In this study, linear attenuation coefficient of pumice doped redes in different ratios were
calculated by using GAMOS program for 662 keV gamma energy. The results obtained from tf
simulation were compared with the experimental results.

2. MATERIAL AND METHOD
In this study, a variant of the famous Monte Carlo packagent 4 called GAMOS (version 5.1.0)
was employed for modeling the geometry of the problem as well as estimating the interaction
source photons [B]
Normal aggregate and pumice were used as aggregate in concrete production. Pumice was use
fractions 0, 50 and 100% in concrete which are tagged as N, NP and P, respectively. The line
attenuation coefficient of N,P,NP concretes for 662 keV which were computed GAMOS and th
obtained values were compared with the measurement result [4].
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The photon wasodeled as a point source in a cube of 2 mm directed as a parallel beam toward
collimator having a 0.5 cm opening and made of lead. The beam passed the 0.5 cm thick absot
before reaching the detector which was described as Nal(Tl) material.

All the materials in the problem geometry were placed in a cube of air with 100 cm side. A total c
three different samples as shown in Table were investigated in this study, all of which containec
known proportion of pumice.

In radiation protection, the thickaes of the protective agent to be used and the radiation absorptior
property are important. For this we need to know the density of the material.

The photon attenuation coefficients have been evaluated by comparing | and 10, which are t
count rates measen by the detector, respectively, with and without the absorber of thickness x.

|- OOl

al,
| %I— (1)

X

v(')

3. RESULTS AND DISCUSSION
The linear attenuation coefficient of the concrete produced using pumice and normal aggregate
different ratios a aggregate was calculated by using GAMOS, which is a Monte Carlo simulatior
code. The simulation results (G) obtained are shown in Figure 1 together with the experiment

results (Exp) f[@und in the literate¢re
662 keV
0,3
0,25 -

0,2

0,15

H (cm)

0,1

0,05

N(G) N(Exp) NP(G) NP(Exp) P(G) P(Exp)

Figure 1. Simulation and experimenttihear attenuation coefficients

In Figure 1 it can be seen that there is a good agreement between experimental and calculz
results. In addition, both experimental results and simulation results showed that the attenuati
coefficient decreased withdreasing pumice ratio.
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Electrochemical Performance of Graphene Supprted MnO, and Fe,0O3
Nanocomposites for Supercapacitors Application
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ABSTRACT
In this study, we report a simple approach for preparation of the grapheneof@&bpon (C)
supported manganese(lV) and iron(lll) oxidgenoted asvinO,-F&,0/GR or MnO,-F&05/C)
using microwaveassistedsynthesis. Scanning electron microscopy (SEM3 beerused for the
characterization of morphology, structure and composition of the prepared nanocomposite
Electrochemical performandes beemvaluated usingyclic voltammetry
It was found that the bhest specific capacitand€,) was achieved at the Mn@e,0./GR
electrode Moreover, theretentionfor the graphene supportéddnO,-Fe,0O; was estimated to be
37.14 % compared with that othe carbon supported Mn@, Fe0O,/C and MnO,-Fe0;
suggesting great potential for supercapacitors.

KEYWORDS- Supercapacitors, Graphene, Manganese, Iron

1. INTRODUCTION
With the increasing desire for the clean, safe and renewable energy sources, supercapacitors |
attracted significant attention as one type of effitienergy storage device due to their high power
density, long cycling stability, fast chargéscharge rate and superior safety in the modern
electronicq1]. MnO, as one kind of pseudocapacitive materials is especially attractive due to it:
low cost, notoxicity, and high theoretical capacitan@. Fe;0; is an environmentally friendly,
low cost, noroxic and stable electrode matefia].
Herein, we demonstrate a facitécrowave irradiation methodbr the synthesisof graphene or
carbon supportednO,-Fe,0; hanocompositesvith the aim to apply them as material for
supercapacitors.

2. EXPERIMENTAL
The MnO,-Fe,0s/GR nanocompositevas prepared by microwavassistedheating. In a typical
experiment0.2 g of KMnQ,, 0.5 g ofFeSQAH,0 and0.1 g of grapher powder were dispersed
in the D ml of deionized waterThe obtainedreaction mixture was put into a microwave reactor
Monowave 300 (Anton Paafdr 5 min at a temperature o0 A CThe precipitate was filtered
out, washed with water and driedinavatuuoven at a temperature o
The morphology and composition of the prepared catalysts were characterized using an SE
focusedion beantacility (Helios Nanolab 650) equipped with an EBKectromete(iINCA
Energy 350 XMax 20).Mn and Fe loadigs in the prepared samplsreestimated using an ICP
optical emission spectrometer Optima 7000DV (Perkin Elmer).
The electrochemicaperformanceof the MnO,/C, F&,04/C, MNO,-F&0,/C and MnO,-F&05/GR
was testd by cyclic voltammetry (CV) using Zenniumelectrochemical workstatio AHNER-
Elektrik GmbH & Co0.KG).The preparednanocompositesoated on the glassy carbon electrode
(GCE) with a geometric surface area of 0.07 erareemployed as working electrogje Ptsheet
as a counter electrode, and an/AgCI/KCI electrode was used as referenddée working
electrodes were prepared as followse 10 mg of thegrepared nanocompositegere dispersed
ultrasonically in a 0.1 ml of2 % of polyvinylidene fluoride (PVDF)in an N-methyl2-
pyrrolidinone (NMP) saltionfor 1 h.Then5 €L of t he prepared susftg
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onto the polished surface ofGCE and dried inanoven for 2 hat a temperature & 0  @yC€lic
voltammogram¢CVs) were recorded in a 1 MaS0, solution at different scan rates between 10
and 200 mVs * at ambient temperatur@he measuring potentiaainge was from 0.05 to 1.10.V

All solutions were deaerated lygonfor 15 min prior to measurements.

Specific capacitancéCs, F g*) was calculated from CV measurements. The mass of the preparec
nana@omposites was 0.5 mg.

3. RESULTS AND DISCUSSION
Figure 1 showvs the representative SEM images of synthesigkdD,/C (a), F&05/C (b), MnO,-
Fe0,/C (c) andMnO,-F&05/GR (d) nanocomposites\s evident from Fig. lathe formation of
spherical Mn@nanoparticle as well as small clusters, which are made up of small spherical
nanoparticles with average diameter 8070 nm is identified in the prepared MO
nanocomposite. The analogous view is observe&dgd; nanoparticles of ca. 16070 nmin size
(Fig. 1b) Whereas, in the case hO,-F&0; nanocomposite, which was deposited®(Fig. 1c)
or GR (Fig. 1d), the nanotublke structure with completely unoccupied spheres is formed. The
assemblies oMnO,-Fe,0; particles in size of 25800 nm are determined ithe prepared
nanocomposites (Fig. 1 c, d).

‘ Oz- & (c)an nQ—Fez R(d).

0.4 pn

SM|mas nOZ/C a), e203/C (b

3.1.Electrochemical performance of individual electrodes

Figure 2a shows lectrochemical performance of @élMnO,/C, F&05/C, MnO,-Fe0,/C and
MnO,-Fe,04/GR electrodes evaluated Bma ¢ u e o u s ,SC, eleetrolidenat a scan rateof 10
mV s !in the potential window of 0.05 tb.10V vs. SHE. In all the cases quaséctangular shape
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of CV curvesis defined. The graphene baskthO,-Fe0; nanocomposite shows a superior
behaviour when copared to that observed fivnO,/C, F&,05/C andMnO,-Fe,05/C electrodes.

@ T ——
a
L MnOoyC (b) MnoJ
,| —— Feoyc T 15} Th T RO
———— MnO,Fe0,/C . © . T MnosPeose
MnO,-Fe,0/GR o 5] MnO,-Fe,0,/GR
o R & 10t
c 1r g
<
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é i
2 ol \*T—__:*_T_T_—__—__—_'
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E/V vs SHE )
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Figure 2. (a) CVs of MN@C, Fe,04/C, MnO,-Fe,04/C andMnO,-Fe,0s/GRrecordedinal M
Na,SQ, solutionat a scanrate of 10 mVs™. (b) Specific capacitance at different scan rates.

However, whenC support was used the significant decreasehi current value foMnO,-
Fe,04/C nanocomposite is observed. Moreover, this value is much lower when compared to th
determined for Mn@C alone.The voltammetric responses of the MO FeOs/C, MnO,-
Fe,0,/C and MnQ-Fe,0,/GR electrodestas can r at e'! arefpreskredn Fig\a. G
valuesfor the sameelectrodesare 12.45 3.5, 2.5and 14 F g%, respectivly (Fig. 2b) Meanwhile,

C, valuesat a scan rate ¢f00 mV s ! are6.17, 0.57, 0.33and7.2 F ¢' for the same electrodes
and correspond to the retentions®f 16.3 13.2and51.4 % respectively.

4. CONCLUSION
It was founda simple approach fahe prepaation of the graphene (GR) or carbon (C) supported
manganesé@V) and iron(lll) oxides using microwawassisted synthesi§he synthesizeMnO,-
Fe0s/GR nanocomposithasthe nanotubdike structure with completely unoccupied spheres.
The highest specifi capacitancef 14 Fg™* ata scan rateof 10 mV s* has beerachieved at the
MnO,-Fe,0s/GR electrode as compared with that of MAD) FeOs/C and MnQ-Fe,0,/C. It
suggest agreat potentiads the electrode materifar supercapacitors.
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ABSTRACT
The MnO,-C0;04/C nanocompositewith lamellar andspheri@l shape nanoparticles (denotasl
MnO,-C0;04/C-1 and MnQ-Co;0,/C-2, respectivelyhave beempreparedisinga simple onestep
microwaveassisted method Scanning electron microscopy (SEM)transmission electron
microscopy (TEM)and inductively coupled péma optical emission spectroscopy (1OES)
have been used for the characterization affphology structure andand compositionof the
synthesized nanocomposites, whereas, leg@rochemical performance of the prepared
nanocompositelas keenevaluatedusingcyclic voltammetry(CV).
It was determined that morphology and structuréhave a significant influence on the
electrochemical performanad the MnO,-Co;0,/C nanocompositesA high specific capacitance
(Co) of 661.32F d* atascanrate of 10 mV S in a1l M NaSQ, solution has been obtained for the
MnO,-Co;0,/C-2 nanocomposite that baphericalshape nanoparticles. Moreoversignificantly
outperformghe MnO,-C0;04/C-1 nanocomposite that has lamellar nanopatrticles.

KEYWORDS- Supercapacitors, hanocgsites, Graphene, Manganese, Cobalt

1. INTRODUCTION
Supercapacitorfiave gained increasing attention duehteir high powerdensity, long cycle life,
fast charge/discharge ratend are seriouslyiewed as potential candidates of ngeneration
energy staage device$l, 2]. They are especially valued fiightness andlexibility determining
their large-scaleof possible applications ranging from consumer electronic or portable devices like
mobile phones, computeand memory backip systemdo hybrid eletric vehicles or even large
industrial machinery, for defense and military or space equipf&gnt
The key issues ithe developingof practical supercapacitors are the selection and fabrication of
electrode materiali; orderto achievea high energy desity. Based on the different energy storage
principles, supercapacitors are generally categoiiz@delectrochemical doubliyer capacitors
using carbon materials and pseudocapacitors usieigl oxidesas active materials. Among the
emerging electrodenaterials for pseudocapacitors, nanoscatadsition metal oxidesr mixed
metal oxidessuch as Mn@ Co;0, NiO, FeO, and WVOs are the most attractive materials,
because they are featured by high theoretical specific capacitances, which are basedrmah fas
reversibleredox reactionsvith the electrolyte iong3].
Herein, we demonstrate a facilécnowaveassistedrradiation methodor the synthesiof carbon
supported MnO,-Co;0, nanocompositeswith the aim to apply them as material for
electrochemicasupercapacitors.

2. EXPERIMENTAL
The MnO,-Co;0, nanocomposite supported on carbon weepared irtwo different waysby the
microwaveassisted heatingn the first way 0.2 g of KMnQ, 0.369g of Co(NQ;),AH,0and 0.1
g of carbonpowder were dispersed in the 20 ml of deionized watlee. obtained reaction mixture
was put into a microwave reactor Monowave 300 (Anton Paar) for 5 min at a temperature of 1°
AcC. The precipitate wa ster &nd Idie@ medvacium toven av a s
temper at ur e oflhe pBfarec manodompositel wah labelletla®,-Co;0,/C-1. In

93

2019.iccesen.org 2019%@epeail.com



Proceedings of CCESEN019 -2723ctober 209, Antalya-TURKEY

the second way).2 g of KMnQ, 0.01g of Co;04and 0.1 g of carbon powderere dispersed in

the 20 ml of deionized watefThe gnthesis of nanocomposite was carried out at the same
conditions.The prepared nanocomposite was labelled as Mi&O,/C-2. Notably, CgO, was
prepared by annealing @fo(NG;),AH,0 in air atmosphere the muffle furnaceat a temperature

of 400cC.

The morphology and composition of the prepared catalysts were characterized using an SEI
focusedion beantacility (Helios Nanolab 650) equipped with an EBEectromete(INCA
Energy 350 XMax 20).A shape and size of catalyst particles were examined usmagsntission
electron microscope Tecnai G2 F20TXVIN equipped with an EDX spectrometer with almEM
detector. For microscopic examinations,m@ of sample was first sonicated imml of ethanol for

1 h and then deposited on the Ni grid covered with dicoaus carbon filmMn and Co loadings

in the prepared samplaesgere estimated using an ICP optical emission spectrometer Optima
7000DV (Perkin Elmer).

The electrochemical performance of the MnO,-Co;0/C was tested usinga Zennium
electrochemical workstiain (ZAHNER-Elektrik GmbH & Co0.KG) The preparechanocomposites
coated on the glassy carbon electrode (GCE) with a geometric surface area of D\@W&rem
employed as the working electrode, a dheetas a counter electrode, and an Ag/AgCI/KCI
electrode wa used as referencéhe working electrodes were prepared as follawe 10 mg of

the prepared nanocompositegere dispersediltrasonicallyin a 0.1 ml of2 % of polyvinylidene
fluoride (PVDF)in an N-methyt2-pyrrolidinone (NMP) solutionfor 1 h. Then 5¢ L o f t
prepared suspension mixture was pipetted onto the polished surfaGC@&fand dried iranoven

for 2 hat a temperature &0 °C.

Cyclic voltammogramgCVs) were recorded in a 1 NaSQO, solution at different scan rates
between 10 and 200 m&/* at ambient temperatur€he measuring potentigange was from 0.05

to 1.10 V. All solutions were deaerated bygonfor 15 min prior to measurements.

3. RESULTS AND DISCUSSION
SEM analyses have been performed to probe the surface structural ideftiMe®,-Co0,/C
samples prepared ltlge microwaveassisted heating methd@Big. 1a, b) As evident from Fig. 1a,
the MnO,-Co;04/C-1 nana@omposite has a spatial layer of irregularly shapddmellar
nanostructures of cal050 nm in size. Meanwhile, in thecase of MnO,-C0;0,/C-2
nana@omposite the spongy and porous frddte threedimensional surface is observed (Fig. 1b).
The widely sprayed branches range from several to hundred nm in size.
More detailed microstructural information of tlsgnthesizedMnO,-Co;0,/C nanocomposites has
been provided by TEM analysis and are shown in Fig. 1 (G h#obtained data are in line with
those determined by SEM analysis. In the caseMoD,-C0o;0,/C-1 nanocomposite, tapered
nanowires and nanosheets are almost unifodigyibuted on the surface (Fig. 1¢). Moreover, the
aggregated spherical nanostructures composing of oblong branches are seen in theNdnépared
Co;04/C-2 nanocomposite (Fig. 1d).
It has been determined that the Mn loadings in the prepared nanoc@smsita. 0.013 and
0.021 mg crif respectively.

Electrochemical performance of ti¥nO,-Co;0,/C electrodesvasevaluated ilmmna q u e o u s
Na,SO, electrolyte Figure 2ashows the CV curves &finO,-Co;0,/C-1 andMnO,-Co;0,/C-2 at

a scan ratd0 mVs® in the potential window of 0.05th . 1 . 8HEvGV curves present quasi
rectangular shape&; values for the same electrodes aredgihd 661.32 F § respectively(Fig.
3h).
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Fig. 2. (a) CVs 0MMn0O,-C0;0,/C-1 and MnO,-Co;0,/C-2 (b) in a1 M NgSQ, solution ata scan
rate of 10mVs™. (b) Specific capacitance at different scan rates.
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Meanwhile,Cs;val ues at a sc aharer@3taad 364i10F 2/0fér the same s
electrodes and correspond to the retention of @0d755.1 %, respectively.

4. CONCLUSION
It was found a simple approach for the preparation of the carbon (C) based manganesel (IV)
cobalt (ll/lll) oxides using microwavassisted synthesis. The synthesized MGO;0,
nanocomposites have lamellar and spherical shape nanoparticles. The highest specific capacit
of 661.32 F ¢l at a scan rate of 10 mVlshas been achieved at th@O,-Co;0,/C-2 electrode as
compared with that of MnECo0,0,/C-1.
The MnQ-Co04 nanocoposites are expected to be a promising candidate to be used ft
electrochemical capacitors.
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ABSTRACT
Emulsification capability and interfacial tension (IFT) are two key parameters of surfactan
solutions. However, the relamce between emulsification capability and IFT was still not well
understood, as well as their contributions to oil displacement efficiency inlalraermeability
reservoirs. Aiming at these problems, we used emulsification index (an experimentaltparame
which quantify the emulsification capability) to investigate the effect of IFT on the emulsification
capability. From comprehensive analysis of experimental test results of three typical surfacta
solutions, we found that there was no significantedation between emulsification index and IFT.
And then, we carry out oil displacement experiments. The experimental results showed that t
additional oil displacement efficiency of surfactant solutions with large emulsification index were
significantly hgher than the surfactant solution with small emulsification index. The observation
results of the produced fluid in the oil displacement experiments also showed that surfacta
solution with large emulsification index easily emulsified crude oil in thplai®@ment process,
and formed emulsion igitu. Due to the plugging effect of emulsions in pore throats, the
subsequent fluid entered the lower permeability zones which had a large amount of residual oil a
displaced more crude oil. Therefore, when sdregrchemical flooding agents for ulttaw
permeability reservoirs, we should pay more attention to emulsification capability.

KEYWORDS- ultra-low permeability, emulsification capability, IFT, oil displacement efficiency.

1. INTRODUCTION
Owing to the low prosity and low permeability of ultddw permeability reservoirs {4], the
efficiency of conventional water flooding, is commonly poor, usually BW%. In addition, many
problems, such as high injection pressure, and serious water breakthrough, ¢esdrtalong
with water flooding. After water flooding, there are still a lot of residual oil in the reservoir, such
as oil film, dead end oil, cluster oil, oil droplet, et al [5]. Chemical flooding is one of the promising
technologies. IFT reduction and alsification are the two main mechanisms to enhanced oil
recovery by chemical flooding {80]. And also researchers pay increasingly close attention to
chemical flooding of ultrdow permeability reservoirs.
Due to the pore structure and size of ulba permeability reservoirs are different from middle
high permeability reservoirs, the chemical flooding agents screening of low permeability
reservoirs should pay more attention to emulsification capability. In the actual chemical floodin
process, one of hmain mechanism of emulsification improved microscopic oil displacement
efficiency is through high displacement efficiency of residual oil. On the other hand, the emulsio
formed in reservoir pores can effectively block high conductivity channels andntipusved
sweep efficiency. However, the contributions of emulsification capability and IFT to the oll
displacement efficiency still remains controversial.
In view of the problems above, this paper investigated the correlation between IFT an
emulsificaton capability by the evaluation of IFT and emulsification capability of three typical
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surfactant solutions. And then carry out oil displacement experiments to study the contributions
emulsification and IFT to oil displacement efficiency

2. EXPERIMENTAL SEC TION
2.1.Experimental materials
The cores used in oil displacement experiments were artificial homogeneous cylindrical cores wi
the size of 2.5cm I 30cm,3am2. tTilkee pextmermibo i
are shown in Figure 1 and the properties are shown in tableeloilTused in the experiment was
crude oil of CQ oil field .And the water was simulated formation water, whose parameters ar
highly similar to the formation water of CQ oil field. The properties of simulated formation water
was shown in Table 2. The expeental surfactant is a compound mixture of betaine surfactant,
anionic surfactant and auxiliary agent.

P

101

|

Figure 1. The exterior of the core samples.

Table 1.The properties of three artificial cores.

No. Diameter(cm) | Lengthtcm) [Per me a b i’sl ) t y| Paosity(%)
101 251 30.0 10.12 23.53
102 2.50 30.1 10.38 22.73
103 2.48 30.0 9.98 22.14

Table 2.Properties of simulated formation water.

. ot Lo 2 ) ; Total salinity
cd Mg Na'+K SO, Cl HCO; mglL
13258 | 512 | 16929 453 50637 | 119 81910

2.2.Emulsification capability evaluation
Dynamic emulsified oil ratio curves of the three surfactant solutions were measured by the hic
temperature emulsification characterizer [10].

2.3.Interfacial tension evaluation
Dynamic IFT curves of the three surfactantusions were measured by the JJ2000B rotating
droplet IFT measuring instrument.

2.4.0il displacement procedure

The experimental procedure for the oil displacement experiment was, first, water flood to reac
irreducible water saturation and then conduetagiant flooding. The schematic diagram of oil
displacement is shown in Figure 2.

3.RESULTS AND DISCUSSIONS
3.1.Correlation between emulsification capability and IFT
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Figure 3. Dynamicemulsified oil ratio curves. Figure 4. Dynamic IFT curves.

The dynamic emulsified ratio curves and dynamic IFT curves of the three typical surfactar
solutions were shown in Figure 3 and Figure 4.

As shown in Figure 3, the emulsified oil ratio monotorpirscreases with the emulsification time
until reaching the equilibrium emulsified ratio. The emulsification index calculated by the
emulsified oil rate data[10], which the emulsification index of 1#, 2#, 3# surfactant solutions wer
0.706, 0.667, 0.244espectively. Comparing the emulsification index of three surfactant solutions,
the emulsification capability were significantly different. Among them, the emulsification
capability of 1# surfactant solution was the strongest, whereas that of 3# stréattéions was

the weakest. The bigger the emulsification index, the stronger the emulsification capability.
Comparing the alternate trend of emulsified oil ratio and IFT of the three surfactant solutions,
was found that emulsification capability doest increase with decreasing of IFT. In other words,
there is no significant correlation between emulsification capability and IFT.

3.2.Results of oil displacement experiments

The oil displacement results and experimental dynamics of the three surfedistians were
shown in Table 3 and Figure 5.

Comparing the oil displacement efficiency results of three surfactant solutions, we can see that |
surfactant solutions (1#, 2#) with strong emulsification capability have higher additional oil
displacemenefficiency than the surfactant solution (3#) with weak emulsification capability. And
also, we can see that both emulsification capability and IFT have effects on the oil displaceme
efficiency, but the contributions are different. Emulsification caphii the main control factor.
Comparing the water cut curves of the three surfactants in Figure5, we can see that surfacts
with strong emulsification capability can easily form emulsionsitn when migrated in the
porous.
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Table 3 Results of oil didacement experiments

NO. Permeability | Surfactant | Oil displacement | Total oil Addition oil
(T E0rf injection efficiency of water | displacement displacement
(PV) flooding (%) efficiency (%) efficiency (%)
101 | 10.12 0.6PV1# 41.30 54.79 13.49
102 | 10.38 0.6PV2# 40.17 52.18 12.01
103 | 9.98 0.6PV3# | 39.24 45.99 6.75
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Figure 5. Experimental dynamics of different core displacements
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Figure 6. Pictures of the produced fluid and corresponding micrograph during the surfacte
flood.

media. Theobservation of emulsification phenomenon in Figure 6 also verified the result. The
formed emulsion blocked the water flow channels, and forcing the subsequent fluid to change flc
direction, which drive the residual oil in lower permeability zones

4. CONCLUSION
(1) Comparing the emulsification index and IFT of the three surfactant solutions, it was found th:
there is no significant correlation between emulsification capability and IFT.
(2)The results of oil displacement experiments showed that, the additdndisplacement
efficiency of surfactant solutions with stronger emulsification capability were significantly higher
than that of surfactant solution with uliav IFT and weak emulsification capability.
(3)Comparing the oil displacements results, dswound that emulsification capability is the main
factor of oil displacement efficiency in ulttaw permeability reservoirs.
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ABSTRACT
Due to uneven development of natural fraefuhe well productivity of volcanic reservoir varies
greatly, furthermore, the development effectiveness is affected by several factors such as fract
distribution and bottom water development. Reasonable evaluation of development effectivene
and anajsis of influencing factors are of great importance for development optimization. In this
article, 5 evaluation indices are screened at first, then evaluation criteria are divideghdgnk
cluster analysis, and development effectiveness evaluation nudeblcanic reservoir is
established by fuzzy judgment to evaluate the development effect of production wells. Princip
Component Analysis (PCA) is used to analyze the main factors affecting the development effe
an evaluation system for the developmeffiectiveness of volcanic reservoir is established step by
step. The influence of factors on the production distribution and development effect is clarifiec
thus the production law of volcanic reservoir is studied. Development effect of single well ir
Che47 Carboniferous reservoir is evaluated in this study, the wells are classified to 5 types, th
well location distribution map of development effectiveness is analysed to find the characteristic «
production distribution. Geological and engineering dextof different wells such as fracture
growth level, perforation distance from the original wai#rcontact, perforation thickness and
lithology are compared for studying the influence law of each factor on development effect. Th
well with good develoment effect is mainly located in the fracture development area with suitable
wateravoidance height, that is, the fracture and wateridance height play a synergistic role.
The main factors determining the development effect are the degree of fractetepdeent,
perforation thickness and watavoidance height. The evaluation system of single well
development effect of volcanic reservoir is established to summarize production distributio
characteristics of faultlock volcanic reservoir and analyze guation laws and influencing
factors, providing guidance for well location deployment and development optimization.

KEYWORDS Volcanic Reservoir, Fuzzy Judgment, Development Effectiveness Evaluatio
System, Production Law.

1. INTRODUCTION

Che47 carbonifera reservoir is one of the lithologic reservoirs in the northwest margin of
Junggar basin [1,2] and has dual medium reservoir stratum with large difference in productic
[3,4]. In order to understand the development law of volcanic reservoir, based ouritet c
production performance of the reservoir, the development evaluation index and evaluatic
standard of volcanic reservoir are determined by the actual production data statistics, reserv
engineering analysis and various statistical methods, andthiketievelopment effect evaluation
system is established by using the fuzzy comprehensive evaluation theory, and the developm
effect of single well is evaluated, and the production control factors are analyzed, providin
suggestions and guidance for fblow-up development of the reservoir-§.

2. METHODOLOGY
2.1. Analysis of Geological and Engineering Parameters
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Principal Component Analysis is used to figure out the main factor among geological an
engineering parameters. We can acquire the weight ofusaparameters to evaluate the degree of

influence, the analysis result is shown in Table 1 and Figure 1.

Table 1.Total variance interpretation.

Figure 1. Weight coefficient of Factors

Table 2.Evaluation indices Vae range.

Initial eigenvalue Sum of the extracted loads | Sum of squares of rotating load
Composition | Total Percentage | Cum Total | Percentage| Cum Total Percentage | Cum
of variance % of variance % of variance %
1 2.278 32.537 32.537 | 2.278 32.537 32.537 | 2.001 28.579 28.579
2 1.363 19.466 52.003 | 1.363 19.466 52.003 | 1.505 21.499 50.078
3 1.177 16.816 68.820 | 1.177 16.816 68.820 | 1.312 18.742 68.820
4 0.798 11.406 80.226
5 0.638 9.120 89.345
6 0.533 7.616 96.961
7 0.213 3.039 100.00
initial oil production
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Figure 2. K-means cluster analysis result.

Evaluation Criteria Great Good Medium Weak Poor
Initial Oil Production(t/d) ' 15.964 | 8.891~15.964 4.569~8.891 | 0.959~4.569 "0.959
Stable Production Coefficien *2.177 | 0.997~2.177| 0.795~0.997 | 0.528~0.795 "0.528
Daily Average Oil ' 14.18 | 5.146~14.18| 3.521~5.146 | 1.672~3.521 "1.672

Production(t/d)
Production Time ’ 78.52 | 52.145~78.52| 31.898~52.145 13.052~31.898 “13.052
Efficiency(%)

Water Cut After 1 Year(%) | *3.494 | 3.494~12.962 12.962~29.945 29.945~53.908 ’ 53.908

2.2.Development Effect Evaluation Systm

According to industry standards and development practice, 5 evaluation indexes of developme

effect are selected, and evaluation criteria are divided-ineKns cluster analysis.

3. RESULTS

After establishing evaluation system of development effect ¢damic reservoir, 38 wells in

Che47 Carboniferous reservoir is evaluated by fuzzy judgment, which are classified to Bntypes.
order to find the differences among 38 single wells, average value of several parameters
different types of wells are compareFigure 4 shows that well type is relevant to three major
geological and engineering parameté&stforation thickness of reservoir has positive influence on

development effect, while fracture development degree has synergistic effect wittavwatEme

height.
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Figure 3. Developing effectiveness Figure 4. Developing effectiveness evaluation
evaluation result. result.

4. CONCLUSION
(1) Well development effectiveness of volcanic reservoir is affected by geological and engineerir
factors comprehensaly, fracture development index, perforation thickness and aat@dance
height are critical among them.
(2) Well with good development effect is mainly located in the fracture development area witl
suitable watemvoidance height, the fracture and wedeoidance height play a synergistic role.
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ABSTRACT
Radiation from natural radioactive isotopes which are preseheipearth crust since its formation
and the cosmic rays with very high energy are the natural ionizing radiations. Natural radioacti\
isotopes are found in soil, rocks, water, air, vegetation, building material, food in small amoun
and irradiate us fromutside as well as from inside of our body. In this study, 226Ra, 232Th and
40K concentrations were measured by gamma spectrometry system to determine the natt
radioactivity |l evels of soil samples collec

KEYWORDS Natural radioactivity, Ayazma beach, Gamma spectroscopy,

1. INTRODUCTION
Humans are exposed to radiation from both natural and artificial sources in their living
environments. Knowing the level of natural radioactivity in any region is important not anly f
people to recognize the natural radioactivity levels of their habitats, but also to detect any possil
changes in radioactivity levels. Significant contributions to environmental radiation are due t
radioactive elements such as 238U, 232Th and 40nium and thorium concentrations in soils
are high in local areas and cosmic rays are more intense at high altitudes [1]. External expos|
due to natural environmental radioactivity and gamma radiation is largely dependent on geologic
and geographic calitions and appears at different levels in the territory of any area in the world
[2].
The main purpose of environmental radiation measurements is to determine the type and dose
radiation that people receive from environmental sources and to assgsk théde posed. In this,
the environmental concentrations of radionuclides, which constitute natural sources of radiatio
and the effect of radiation on biological systems, particularly in humans, need to be determined.
addition, the relationship bgeen the radionuclides in the environment and the dose of radiation
received by humans from these sources should also be determined. Only after such
investigation can it be decided whether a region is suitable for living in terms of natural radiation.
In this study, 226Ra, 232Th and 40K concentrations were measured by gamma spectrometel
determ ne t he natwural radioactivity | eveKsstaonfb
The results were compared with the accepted standard values.

2. MATERIAL AND METHOD
In this study, soil samples have been collected flora k mek < tya Afterudollection of
samples, they were crushed and dried until®’COid an oven for about 24 h. The dried samples
have been filled in a cup which is sealed tightly with a thick tape around its neck to limit any ga
escape from it, and stored for four weeks to getilse equilibrium to be achieved betwe&fU
and its progeny].
The radioactivity concentrations &Ra, *Th and*K in soil samples were determined using a
gamma ray spectrometry <consists of -Ghan®io x 3
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Analyser (MCA). The spectrum is analyzed using the MAESTRO32 obtained from ORTEC. The
schematic view of the experimental system has been shown in Figure 1.

I |

5 HV Preamplifier MCA _PC_
Sample E

o —

g

(2]
Shield Z EEE| EEE| EEE
ortead T e fae e

o B B .

Figure 1.Schematic view of gamma Spectrometer and electronic units

The spectrum is analyzed using tMAESTRO32 obtained from ORTEC. The measurement was
based on recording natural radioactivity quantities of three naturalileglements?**Ra, 2*Th

and “ which are considered the photopeaks at 1760, 2610 and 1461 keV respeitivhe

n at u-naaspectaumd].

The activities for the natural radionuclides were calculated using the following relgtion [

N
A(Bqg/ kg) = Totm 1)

where A is the activity of the radionuclide in Bg/kg, N is the net peak area underodte m
prominent photo peaks calculated by subtracting the respective count rate from the backgrou
spectrum obtained for the same counting time. The net count rate in the measurement is calcule
from the background subtracted area of prominent gammeeraylp s . O is the de
the specific gamma ray, 92 the absolute trar
(s) and m the mass of the sample (kg).

3. RESULTS AND DISCUSSION
The measured activity concentrations of primordial ragitides?®Ra, **Th and*X in the soil
samples collected fr om-Kwar raindiustatethio Begute 4 andsS i n

45 -

ERa-226 WTh-232 |

40 - |
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Figure 4. The activity concentration 6fRa and®**Th in soil samples
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Figure 5. The activity concentration 8fK in gravel samples

Activity concentration (Bq/kg)

In this table, it can be seen the activity variation for these samples. The radioactivity of natur
radionuclides is evaluated after measuring by comparing results with worldwide average values
natural soil. The worldwide averagalue of**°Ra,?**Th and*K in the normal soil is 35, 30 and
400Bqg/kg, respectively [p . It can be seen that actidand y

¢ e k meksamples are more than the worldwide average value, activity concentration of 226F
for ¢cedimeke¥ZnekrR ¢ ¢-8 kamplds gre than the worldwide average value
and activity concentration 6fT h  f or  ¢le k nteekk®hye k® e kdme&k® d/ ¢ -e6k me
samples more than the worldwide average value.
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ABSTRACT
The deep branch of the ulnar nerve, larger than the superficial branch, is exclusively muscular.
originates on the lateral side of the pisiform bone. This communication explains the variabl
innervation of the short flexor of the thumb and thdalae repercussion of the opposition of the
thumb and the sign of Froment respectively of the ulnar nerve and the median nerve. /
anatomical study has allowed us to specify that the deep branch of the ulnar nerve travels to
lower surface of hamatum imalus in a dense fibrmuscular environment.

KEYWORDS ulnar nerve, deep branch, macroscopic and morphometric study.

1. INTRODUCTION
The hand is the upper limb terminal organ. A wonderful tool, capable of performing innumerabl
actions thanks to its two esgtial fonctions: grasping and touching. It is the instruments instrument
according to 'Themhan8 it ®redttood of $edshtion and manipulation. These two
functions are made possible by the nerves that collect information from outside idied Tisee
of these nerves are terminal branches of the brachial plexus: median and ulnar nerves are k
motor and sensory, the radial nerve is only sensoryTf#. ulnar nerve: The ulnar nerve is one
of the major brachial plexus branches. It is a miredve, coming from the medial cord of the
brachial plexus (C81) [3]. At the wrist, the ulnar nerve and artery enter a fibssseous tunnel
formed between the the pisiform and hamat e
Wi t hi n Gu yabtheddstal edgencd the pisiform or in other cases above the pisiform, the
the ulnar nerve bifurcates into superficial (sensitive) and deep(motor) branches.

[\ i
Figure 1. Ulnar nerve superficiel branch (illustration from Testut modified). 1: Ulnar vasculo
nervous package. 2: flexor carpi ulnaris tendon. 3: Deep ulnar nerve branch. 4: Superficial ulnar
nerve branch. 5: 4th space common digital nerve. 6: Fifth digit medial. 7: Radial artery. 8:
Median nerve.

2. MACROSCOPIC AND MORPHOMETRIC STUDY OF THE OF THE ULNAR
NERVES DEEP BRANCH.
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Hamatum hamulus in the deep palmar region. It crosses forward the deep palmar arterial arch
ends in the Adductor Pollicis. [4]. This communication explains the variable innervation of the
Flexor pollicis brevis muscle and theariable impact of the opposition of the thumb and the sign
of Froment respectively of the ulnar nerve and the median nerve. An anatomical study allowed
to specify that the deep branch of the ulnar nerve travels to the lower surface of hamatum hamu
in a dense fibranuscular environment. (Figure 2).

Superficial branch  j1nar nerves

trunk

Figure 2. Deep branch at the entrance to the pimulian orifice. High magnification. Green
arrow represents the width of the deep branch. Yellow broken arrow represents thampisiéan
hiatus.

In our dissection work we found that the position of the deep branch with respect to the main trur
of the ulnar nerve is variable ; it is located on the posteromedial face of the trunk en 18 cas
(Figure 2), on the medial side en 4 case and on the posteteoen 6 case3he deep branch of

the ulnar nerve is larger than the superficial one. It is exclusively
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Figure 3. Branches for the two most medi¢ Figure 4. Graphic representation of the width o
dorsal and ventral interossei. 1: Ventral ar the deep branch of the ulnar nerve.
palmar branches of the 3rd interosseous
space.

3. THE DEEP MEDIO -ULNAR ANASTOMOSIS OF RICHE CANNIEU

This anastomosis is formed by a netting of the twig that the deep branch of the ulnar ner
provides to the medial (deep) heafcthe flexor brevis at the level of the thenar eminence. This net
crosses the tendon of the flexor pollicis longus and unites with the branch which the median ser
to the lateral head of the flexor brevis, this branch of the adductor pollicis candeeilup to

the medial (deep) head of the flexor brevis. In photo 4, Opponens digiti minimi muscle has bee
resected. The superficial terminal branches of the ulnar nerve have been removed in order to be
see the deep motor branch.
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4. RESULTS OF THE MACROSCOPIC STUDY OF THE DEEP BRANCH
Measurement D represents the width of the deep branch before entering tharpigian hiatus,
1.8 N 44min. (2. 3

5. DISCUSSION
Our dissections reveal that the deep branch passes to the dorsal side of the arch ottlibedryp
muscles and in depth of these muscles and on the surface of the Opponens digiti minimi. On
contrary, the superficial branch passes to the surface of the origin of the abductor digiti minin
muscle and the Flexor digiti minimi brevis muscle. Thstribution of muscle branches is more
variable. Anatomically, systematization is difficult, it is only by stimulation on living subjects that
we can define the true innervation. It is therefore deduced that several branches of the deep bra
of the ulrar nerve are intended for the hypothenar muscles and a compression at this lev
frequently causes a motor deficit of the whole region. At the end of these results we found th
despite the clinical interest of the ulnar nerve and its branches in thecaimalr only a few
morphometric details have been described in the literature and the diameters of the termi
branches of the ulnar nerve have not been measured. The knowledge of the anastomosis of R
Cannieu is very important while doing an electrggiological study, otherwise there is a big risk
for an erroneous diagnosis. There is one case reported by Saperstein and King on the coexiste
of neuropathy of the deep branch of the ulnar nerve and Riche Cannieu's anastomo
misdiagnosed as a motoguropathy. [5] Tamagawa et al. reported a case of bilateral carpal tunne
syndrome in which there was a paradoxical retention of the abductor muscle of the left thumb tf
was found to be due to Riche Cannieu's anastomosis. [6]
The clinical presentationf ®iche Cannieu's anastomosis can take three forms:
- All the muscles of the hand can be innervated by the ulnar nerve.
- The motor innervation is dominated by the ulnar nerve.
- Some muscles innervated by the median nerve may be innervated by theeuhear

6. CONCLUSION
At the level of the canal, the ulnar nerve divides at the middle part of the canal, about 6 mm fro
the distal pole of the pisiform, into two branches, a sensitive superficial branch and a deep mot
branch, which originates from the rdal surface of the trunk. from the ulnar nerve, it passes under
the deep distal hiatus of the canal. It is fixed by the fibrous arch of the hypothenar muscles on
palmar face, the pisbamulian ligament and the hamatus hamulus on its dorsal surfagse Th
anatomical relationships with the deep branch can be considered as a compression site.
performed a series of dissections of 28 balmy and fresh hands at the laboratory of anatomy e
organogenesis University of Brussels. These dissections allomedmake a study of the hand
and particularly a macroscopic and morphometric study of the deep branch of the ulnar nerve.
The knowledge of the territories of sensory and motor innervation is clinically useful.
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Trunk of the Ulnar N erve at theWrist, about a Clinical Case

Hamzaoui B, Yabka A, Amrane CY
Laboratory of Anatomy Faculty of Medicine of Blida and Constantinerislg
* mazari.bahia@gmail.com

ABSTRACT
We report a clinical case of thrombosed aneurysm of the ulnar artery. It is an infrequent and poo
understood pathology that is regularly associated with hypothenarhammer syndrome, foul
specifically in manual woies and athletes exposed to repeated manual trauma.

KEYWORDS Aneurysm Ulnar arteryi Thrombosis Doppler ech

1. INTRODUCTION
The aneurysms of the arteries of the hand are most often of traumatic etiology. The fal
aneurysms of the arteries of the haotlow acute trauma, repeated microtrauma (hypothenar
hammer syndrome) are responsible for true aneurysms [1]. Von Rosen. S. was the first to desct
postmortem trauma syndrome in the hypothenarian region, and ulnar artery aneurysm in the o
road cycli$ [2]. Conn J.J et al in 1970 describe for the first time the hypothenar hammer syndrom
or Hammer hypothenar Angiaxon syndrome [3]. We report a clinical case of thrombosed
aneurysm of the ulnar artery. This is an infrequent pathology and poorly krregularly
associated with hypothenar hammer syndrome, found specifically in manual workers and athlet
exposed to repeated manual trauma.

Figure 1. Ultrasound image of the right wrist, Figure 2. Longitudinal ultrasonographic
axial section showing thrombosis at the uln¢ section showing the reversal of the ulnar arte
artery level. (An Naadja Military Hospital  at the distal quarter of the ulnar diaphysis. Tl
Algeria 2016) aneurysm sits next to the distal radial shaft k
the thrombosis is extendé@®m the aneurysm

to the distal.

2. OBSERVATION
Patient aged 29, with no particular antecedents, nurse by profession and athlete at the same t
consults for pain in the hypothenar region, the little finger and the ring finger following a sport:
injury on the right wrist that occurred 5 days before the first consultation. The clinical examinatiol
shows a pale purplish appearance of the integuments, and a difference of temperature (coldnes:
the concerned region compared to the rest of the hand, thereonmotor disorders [4].
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The necessary course of action was ultrasound surveillance. THmeoortle control did not show a
large clinical and radiological evolution. A control ultrasound showed the presence of aneuris
compressing the trunk of the ulnaerve, we proceeded to the resection of the thrombosis and the
operative followups were good. (Figures 1, 2).

Proximal

Latéral

2

Figure 3. Embalmed left hand, superficial arterial palmar arch.

3. DISCUSSION
The compression of the ulnar nerve at the wrist is a rare pathalogch less common than its
compression at the elbow. The only noticeably noticeable difference between ulnar nerve injuri
in the elbow and wrist is whether or not the muscles of the forearm innervated by this nerve a
affected.In the ulnar canal, thelnar nerve is surrounded by adipose tissue, is separated from the
canal surfaces, and is never really compressed by the fibrous structures. The only elements that
lead to compression of the nerve are the aneurysm of the ulnar artery and the synenial
cysts. At the level of the wrist, the ulnar nerve is placed within the ulnar vessels and divides in
its terminal branches : one superficial and the other deep. At the level of the wrist, the ulnar ner
is placed within the ulnar vessels andidés into its terminal branches : one superficial and the
other deep (Figure 3).

4. CONCLUSION
The aneurysm of the ulnar artery remains a rare pathology. The presence of a mass in
hypothenar eminence, of soft consistency following direct or repeatemharat paresthesia of
signs of ischemia and a test Allen's positive is suggestive of the diagnosis. Doppler ultrasound ¢
confirm the diagnosis. Surgical indication remains the treatment of choice because of the risks
embolic complications.
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ABSTRACT
The author has studied tipercolationcharacteristics and displacement mechanism afurad
reservoir by double media numerical simulation in detail, as well as made sensitivity analysis
the impact of development effect. The results show that the rock stress sensitivity is the key
decide fractured reservoir development strategyudioly the development model, the ability to
maintain reservoir pressures, the recovery of matrix system and fracture system. The crossfl
between matrix system and fracture system is very difficult to occur in natural energy sufficient c
artificial water to maintain reservoir pressure. It only appears in the development process c
reducing reservoir pressure. Regarding the matrix system, capillary pressure dialysis is the m
important percolation characteristics and displacement mechanism. Its recat@rsnay reach
over 4%. Regarding the fracture system, the displacement process depends on the external dri
pressure differential and is pipe flow. Its recovery ratio may reach over 75%.

KEYWORDS- fractured reservoir; percolation characteristics;spilacement mechanism; double
medium; numerical simulation.

1. INTRODUCTION
With the permeability of several Darcy and the porosity of generally less than 1%, the fractur
system is formed by large cracks and caves. The width of the cracks is more tharad@ ti
caves are connected to cracks. Since the reservoir space is full of crude oil, the oil saturation
close to 100%. Considering the existence of caves, the porosity of fracture system is also less tl
2%.
Matrix system is composed of differentesszof rocks divided by cracks with the width of less than
10 um and per me ab3unm2i Geyerally ¢he porogityroh matrid systein @ between
2% and 5% due to its smaller pore throat and higher irreducible water saturation, which a
basicallyabove 30%.Due to their different types of reservoir space characteristics, the percolatic
characteristics and displacement mechanism of matrix system are quite different from that
fracture system.

2. NUMERICAL SIMULATION STUDY

2.1.The establishment of fractued reservoir model
Wit hout edge and bottom water, the 4fnéandtheves
reserves of ftmwtuheai toea¥m @isasBumnedadhatghe Sbddelo
includes five horizontal Wells, 4 prodimn wells and 1 injection well. The essential parameters of
reservoir are shown in Table 1.

2.2. Sensitivity Analysis
(1) The natural energy development
Without edgebottom water and artificlawater injection, the development of fractured reservoir
mainly depends on elastic energy of rock and fluid. Since oil is sptgise flow under the ground

113

2019.iccesen.org 2019%@epeail.com


app:ds:sensitivity
app:ds:analysis

Proceedings of CCESEN019 -2723ctober 209, Antalya-TURKEY

where water flooding process doesndt happer
the fracture system and channeling between matrix system and fracture system.

Table 1.Parameters table of one fractured reservoir in Bohai bay

Type Parameter Value
Matrix porosity % 5.72
Matrix permeability mD 1
Fractureporosity % 1.08
Reservoir Fracture permeability mD 465
characteristics  Reservoir temperattres 75
Midpoint of pay zone m 1760
Reservoir pressureMPa 17.7
saturation pressureMPa 12.6
Oil density g/cn? 0.80
Fluid Oil viscosity in reservoir mPa.s 2.36

characteristics  Volume factor of formation 6il m¥m® 1.172

Initial solution gasoil ratic m*m® 35

1) Rock stress analysis

Compared with fracture system, the conductivity of matrix systemadlar and oil supply system

of that is slower which lead to its smaller pressure drop. At the same time, due to its small
compressibility and lower delivery rate, the oil supply rate of matrix system is much slower thal
that of fracture system. Thus,clo deformation has great influence on development effect and
enough attention should be paid in the process of oilfield development and numerical simulatic
study on strong rock stress sensitivity of fractured reservoir.

2) The channeling capacity analysi

From numerical simulation results, it can be seen that the recovery of fractured reservoirs w
gradually become bigger as shape factor grows. The reason is that the bigger shape factor
make percolation ability enhance and increase crude oil fratrixiio fracture, which then lead to
the recovery of matrix system increase whil
But the recovery of fracture system is still greater than that of matrix system. It's important to no
that because theshape factor of channeling function comes from geological statistics and
stochastic modeling, much attention should be paid in numerical simulation research, especially
history matching.

(2) The artificial water injection development

As mentioned different from conventional sandstone reservoir, there may be rock stres:
sensitivity in the development of fractured reservoir by natural depletion. In such cases, it is ve
necessary to inject water to maintain reservoir energy and prevent cracks ankrgate ftom
closing. Otherwise, large number of remaining oil cannot be produced. Therefore, researches .
made to find how percolation characteristics and displacement mechanism of matrix system a
fracture system affect the development effect by the afavater injection.

1) The Analysis of fluid channeling
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From the simulation results, we can find that the overall recovery of each case is around 19% w
different shape factors, among which, the recovery of fracture system is above 75% while tf
recowery of matrix system is almost zero. The reason is that pressure of matrix system and fractt
system are both the original reservoir pre
Only in the condition of natural energy shortage or lack oficglf water injection, can the
channeling between matrix and fracture happens. Therefore, for fracture reservoir simulatio
especially evaluating matrix system and fracture system separately, just considering channel
will not be able to make objectivamnalysis on the producing degree, the recovery degree and the
contribution to the overall recovery of matrix system.
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Figure 1. The rock stress analysis between matrix and fracture
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Figure 2. The channeling capacity analysis of fracture reservoir
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Figure 3. Thechannelingcapacity analysis of fracture reservoir

2) The analysis of imbibition by capillary force

From the numerical simulation results it can be seen that the overall recovery of reservoir increas
when considering imbibition effect. The main reason was that part of oil from matrix system ca
be produced by imbibition effect while the recovery of fracture system has little change althoug
the recovery of fracture system can reach 75%. The imbibigoavery can reach above 4%.
Since most of crude oil stores in matrix system, the overall recovery of reservoir mainly depenc
on matrix system in fractured reservoir. Therefore, the key factor to enhance overall recovery
fractured reservoir is to impve the recovery of matrix system while the imbibition effect in this
process cand6t be ignored.
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Figure 4. The analysis ofmbibition by capillary force on fracture reservoir

CONCLUSION

(1) Rock stress sensitivity is the key for the development of fractured reservoir, whict
determines the way of development, the maintenance ability of pressure and the recovery of mat
system and fracture system.

(2) The flud channeling between matrix system and fracture system will not happen under tr
condition of plenty of edgéottom water or water injection to keep pressure balance. When
reservoir pressure is not balanced, fluid channeling will happen and the effdutbfdepends on
the fracture growth level. Because fractured reservoir is so complex that there is a big uncertair
which should be highly valued in the process of practical production and numerical simulation.

(3) For matrix system, imbibition is the mapercolation characteristic and displacement
mechanism with the recovery of 4%. For fracture system, the driving force mainly comes from th
external differential pressure. Flow type looks like pipe flow which makes recovery efficiency car
reach above 75%

This paper has presented the improved power control of DFIG used in wind turbine by th
Artificial Intelligence (Al) techniques control, after modelling the wind turbine and the DFIG in
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the d and q axis, we have established the indirect vector contfoFi& based on stator flux
oriented, then the ANNSs is synthesized and compared to a FL controller. We have also presen
the performance of the ANNs and FL and comparisons between them, the robustness of 1
controllers are evaluated and allows us to hawecoupling between active and reactive power
thus independent control. The simulation results show that the control strategy ANNs is muc
more efficient compared to FL, it also improves the performance of the power DFIG, and ensu
some important stretiy despite the variation of the parameters of the DFIG and the simplicity of
its design. The use of ANNs has many advantages.

The proposed controller ensures fast and accurate dynamic response with excellergtateady
performance.

We can conclude th#he ANNSs is an improved controller for DFIG power.

We remark that the proposed ANNs are able to associate between the advantages given by Ne
Network and Fuzzy Logic systems, which was predictable.
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ABSTRACT
The relative permeability curves methods cannot accurately describe the relationship cur
between water cut and recovery percdnt.view of this problem, this paper established the
theoretical formula of recovery percent in watere stage and water cut increasing rate in water
production stage, by using the stream tube model, based orspuhewell pattern of the
homogeneous resmir. On this basis, a hew method was proposed to analysis the theoretice
relationship curve between water cut and recovery percent.

KEYWORDS- water cut, recovery percent,watfee stage, water cut increasing rate.

1. INTRODUCTION
The relation curve beteen water cut and recovery percent is usually used for the evaluation o
oilfield development effect. Stream tube method and relative permeability method are the tw
methods for the establishment of theoretical curve. Relative permeability method is mgmmo
used for the establishment of water cut and recovery percent due to its simple formula al
procedure. However the theoretical curve can not describe thefrestgaroduction period. In this
paper, a new method was proposed to analysis the theoretat@dnship curve between water cut
and recovery percent.

2. METHODOLOGY

For ninespot well pattern of the homogeneous reservoir, seepage field can be divided into tw
types of units. Two phase seepage in the stream tube can be expressed as follows:

fjA(z)d z= ;Mdt 1)

Percolation resistance of a stream tube can be described as:

o 1 &71 dz L 1
A k,% 0 a, K, 8 A Az
v 7| V4 0 4w o 2 Kro
- Al ),,% ) Al )8% 0 A) .
K K K

The flow rate of a stream tube can be described as:

©)
qu(i ) = Q%%
a

()
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The distribution of water satation in each stream tube can be cooperatively solved by Equationl.
Equation2 and Equation3. Considering 5 factors (water oil mobility ratio, water index, oil index
irreducible water saturation and residual oil saturation).

2.1.Recovery percent of wateffree stage

2.1.1. Study on the influence factors
There was a typical power function relationship between recovery percent and water oil mobilit
ratio under the condition that other 4 factors keeps invariant. Similarly, recovery percer
respectively has a linear atlonship with water index, oil index, irreducible water saturation and
residual saturation under the condition that other 4 factors keeps invariant.

2.1.2. Establishing relationship between recovery percent and influence factors
The relationship between recoyepercent of watefree stage and 4 influence factors can be
expressed as Equation (4).

R =k, +bn, +b,n, +bS, +b,S, (4)

The value of four coefficients have a linear relationship with water oil mobility ratio. the relation
curve between coefficient b2 and wadd mobility is as shown in Figure 1.

0,005

T T
| —+
_______ —m—datapoint -+ -~ -
—regression-equations
+

0,004 g-------

T THTH

0,003

0,002 b,=0.13395(+15)13%1380.0006 - -
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0

0 50 100 150 200
Water oil mobility ratio

Figure 1. The relation between coefficient b2 and water oil mobility ratio.

The theoretical relation between recovery percent of wWegerstage and five influence factors
was established (Equation (5)).

R, = (0.17967 041 0,015 100+ (0.0848¢/ +15) °*****+ 0,016}, > 100 )
+(0.13394/ +15) "%+ o.ooos)no 3100- (0.25064/ +3) 06449 o.ozzt)sNi 3100
- (0.3447d/ +0.12) >+ 0.011)30r 3100

2.2.Water cut increasing rate of water production stage

2.2.1. Establishing the relation betweenSN and SW

Based on the distribution of water saturation solved by numerical simulatio#etowater
satuation and average water saturation were analyzed. There is a linear relationship between c
let water saturation and average water saturation with different water oil mobility ratio. The lineg
relationship can be expressed as Equation (6).

S, =a§, +b (6)
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Relation between the coefficient a of equation (6) and water oil mobility ratio was establishe
(Equation (7)).

a=alna+ta, (7)
a, =(0.0116Nnn,, - 0.0489Inn, - 0.088Inn,, +0.1971 (8
a, =(- 0.126Inn,, +0.1469In n, + 0.2647In n,, + 0.4406 )

2.2.2. Establishing the calculation formula of watercut increasing rate
According to the definition of water cut increasing rate, the calculation formula can be describe
as Equation (10).

V&:_
dR  R)- Ry

The relationship between recovery percent and average water saturation can be eggsressec
Equation (11)

df, _ T~ fug- (10)

R= S S (11)
1- S/vi

Based on fraction flow equation, water cut increasing rate can be expressed as Equation (12).

foy-f.
fv&O:M (12)
Suf) = -9
1- Sm

Substituting Eq.(7) , Eq.(8), Eq.(9), Eq.(11) and Eq.(12) into Eq.(10), a newatadadformula of
water cut increasing rate was established (Equation(13)).

fi :1 fw(i) - fw(i»l) - 1 fi (13)
aésw(i)' Sw(i-l)ﬁ ai|n6~+az
Q 1- ; =

2.3.Establishing the relation between water cut and recovery percent
Based on the theoretical formula of recovery percent of waderstage and water tcincreasing
rate of water production stage, the theoretical relation curve was established. The soluti
procedure are as follows:
1 Waterfree stage calculate recovery percent of wafeze stage R, wh e n, Rv0; R

2 Water production stage(R3R

n Determine the water cut steg, ad,, =0.1%9;
0 Solving water cut of the first step:
5 Solving average water cut of the first step

Soling the water cut increasing rate of the first step by Equation (13)
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n

Solving the recovery percent of first step

v Repeating steps , the theoretical relation curve between water cut and recovery
percent can be established.

As can be seen from figuz with the increase of formation oil viscosity, the shape of relation
curve are changing from fAconcave type" to

shape is consistent with field performance, and can characterize the water cut risired rul
different reservoirs.

3. FIELD APPLICATION

By plotting the field data and theoretical relation curve between water cut and recovery perce
into at the same figure, we can evaluate the development effect of waterflooding reservc
according to the diffieence between field data and theoretical value. This method has been applie
to many water flooding reservoirs and the evaluation results are consistent with field performanc
The theoretical curve between water cut and recovery percent of the sampimiresas
established and was compared to field data (Figure 3).Theoretical curve has the same trend v
field data, which proves the validity of this method.

Water cut%

40 ke mmna o

— s '
i =80mPa-5 |

E St S S S S " il tab - ettt ST RS TGRS

o 10 20 30 40 S0
Recovery percent %

Figure 2. Theoretical relation curve betweel Figure 3. Therelation curve between water
water cutand recovery percent. cutand recovery percent.

4. CONCLUSION
There is an approximate linear relationship betweeHAeatuvater saturation and average water
saturation and based on which a new method for calculating theoretical water cut inatatasing
was proposed. Based on the theoretical recovery percent of-fneestage and water cut
increasing rate of water production stage, a new method for solving the relation between water

and recovery percent was proposed which solves the probletreiitional relative permeability
method.
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