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Abstract. The numerical simulation model of pump pressure is important to simulation and
optimal design of sucker rod pumping system (SRPS). For now, the pump pressure is solved with
the finite difference method, which is too excruciatingly slow to meet simulation and optimization
of SRPS. Therefore, an effective differential quadrature method (DQM) is proposed to solve pump
pressure in this paper. In the detail, considering oil-gas-water three-phase flow, the differential
equation of pressure gradient is built, which matches solving pump pressure with DQM.
Considering hydraulic loss and Newtonian fluid leakage, an improved numerical simulation model
of pump pressure is established with the first order ordinary differential equation. The new
numerical model is verified by comparing it with the available results, and good agreement is
found. The results show that the plunger velocity is a key factor affecting hydraulic loss. With
plunger velocity increasing, the pump pressure of upstroke is decreasing and the pump pressure
of down-stroke is increasing. With the pump clearance increasing, the delay time of standing valve
is increasing on plunger upstroke, and the lead time of traveling valve is increasing on plunger
down-stroke. In conclusion, the method that pump pressure is solved with DQM can solve
practical engineering problem rightly and efficiently.

Keywords: sucker rod pumping system, Newtonian fluid, numerical simulation, pump pressure,
differential quadrature method.

1. Introduction

Sucker rod pumping system (SRPS) is the most popular tool for the artificial lift in the world.
The pump is an important part of work of SRPS. Some materials indicate that the lower efficiency
of underground system is an important cause of the lower efficiency of SRPS, and the pump
efficiency is a key factor that leads to a lower efficiency in SRPS [1-3]. So that means the
performance and efficiency of pump will directly affect the economic benefits of the oil field. On
the other hand, with pump system equipment, the downhole operational data can’t be directly
achieved by measurement. That is because the depth and in principle the underground well
conditions prohibit the placement of sensory equipment at the well bottom. Therefore, the pump
cannot be calibrated directly. As a result, a successful simulation model of plunger pump is very
important to estimate the downhole dynamometer and pump efficiency, which is increasingly
attracting attention in the world.

The dynamic simulation of pump is very complicated. The plunger load relates not only to
pump pressure and Newtonian fluid density (oil-gas-water), but to inflow characteristic, outflow
characteristic and wellbore line characteristic. In the early years of the century, the plunger load
was usually ignored. After the wave equation is built by Gibbs [4], the simulation model of plunger
pump was developed. The earlier model of plunger pump was built with the neglect of the change
of pump pressure, and the mathematical model was described as follows [5, 6]:

Fpr = (pa — ps)ApL) (1)

where, A, is cross-sectional area of plunger (L?, m?). ps is pressure in the suction chamber

(m/Lt%, Pa). p,4 is pump discharge pressure (m/Lt?, Pa). F,,;, is load of pump plunger (mL/t%, N).
We all know, considering the work theory of plunger pump, the plunger load is not constant,

which is greatly affected by pump pressure. Therefore, the simulation model is not a true reflection
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of working load of plunger pump. And then, the simulation model of pump has been improved.
The simulation model of pump is derived based on the change of pump pressure [7, 8]. The
equation is given as follows:

FpL = (pa — p)ApL — AprPas 2

where, Ay, is cross-sectional area of the bottom of rod (L2, m?). P is pump pressure (m/Lt?, Pa).

Subsequently, the mathematical model of pump pressure has been continuously improved.
Some major factors, such as friction between pump plunger and barrel, hydraulic loss and
Newtonian fluid leakage are considered by Zhao, Jeong and Wang et al. [9-13]:

Aphc .uvaL 1

F,r =mlL, d ,

pf T pL%pL <2LpL + hc 1— hzz) (3)
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where, Ly, is length of plunger (L, m). d,,;, is plunger outside diameter (L, m). Ap is instantaneous
pressure difference of pump inside and outside (m/Lt%, Pa). h, is eccentric distance (L, m). y, is
fluid viscosity (L/mt, N-s/m?). v, is plunger velocity (L/t, m/s). h,, is radial clearance (L, m). Ap;
is hydraulic loss of pump valve (m/Lt?, Pa). n, is travelling valve number. p; is liquid density,
production (m/L?, kg/m?). A, is cross-sectional area of pump valve (L?, m?). k. is coefficient. g
is acceleration of gravity (L/t?, m/s?). B, is fluid leakage (L3/t, m%/s).

Much work has been done on the simulation model of pump load, but there are some problems.
When the pump pressure is simulated, the plunger velocity in Eq. (3) and Eq. (4) is simplified as
a constant which is relevant to stroke frequency and stroke length of oil well. Besides, the fluid
density and pump pressure difference in above equations are simplified as oil-water two-phase
mixture. When discharge pressure and suction pressure are computed, the change of Newtonian
fluid alone oil well as well as Newtonian fluid friction of tube are ignored. And then, both the
analytical solution and numerical solution mentioned earlier are based on the assumption that the
pump velocity is constant. However, the speed or acceleration of pump plunger may change in
any time either due to the longitudinal vibration of SRS or supply-production coordination
condition of oil well. Therefore, the opening and closing time of pump valve is still highly
uncertain. Then the periodic assumption does not hold in practice.

The choice of dynamic simulation algorithm of pump is of crucial importance. At the moment,
the simulation model of pump is solved with some different algorithms, such as Fourier series in
expanding calculus [14] and numerical difference methods [15, 16]. However, the sucker rod
system is taken as SRPS, the instantaneous work of pump is closely related to the polished rod
and surface transmission device. When the mathematical model of pump is solved, the
instantaneous simulated results of SRS longitudinal vibration and torsional vibration of surface
system will be considered as the known variables. Also at present, the numerical model of
torsional vibration of surface system needs to be solved with the numerical integral method, and
the simulation model of down-hole system is solved with finite-difference method. Then the
iteration method between integral and difference method is used to solve the whole system. The
disadvantage of current simulation algorithm of whole systems is that solving whole equations
will take quite a long time. Due to the requirement to maximize the production and minimize the
electric energy [17], the current simulation algorithm is not a good method to carry on the optimum
design of SRPS. Thus, the new simulation algorithm of pump is very important to the whole
simulation of SRPS.
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In this paper, the numerical simulation models of inflow and outflow performance relationship
are built in Section 2. Considering the influence of oil-gas-water multi-phase flow on the liquid
pressure gradient of wellbore, the numerical simulation models of discharge pressure and suction
pressure are built in the Section 3. In Section 4, based on the mathematical models of hydraulic
loss, fluid leakage, an improved numerical simulation model of pump pressure is derived, which
is solved with DQM. In Section 5, experimental results illustrate the efficiency of the simulation
system. Next, the inflow and outflow characteristic, pump pressure characteristic are analyzed. In
Section 6, the signification of simulation research and the conclusions are summarized.

2. Numerical simulation models of inflow and outflow performance relationship
The inflow performance relationship (IPR) is one common methodology for forecasting the

production output in oil reservoirs [17]. Based on the Vogel’s equation, the numerical simulation
model of relationship of flowing pressure and production is derived as follows:

Q) = u(p, — p)sgn(p, — p)a; [1 = 0.25—:— 0.8 (2—’;)2]_1 [1 0. 2%—0 8 (Z’r‘) ]

p
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where:
1, t>0, 1, t>0,
u(t) = {1, t=0, sgn(t) = {0, t=0, (7)
0, t<0, ~1, t<0,

where, @ is production rate of different flow rate (L*/t, t/d). p,. is static pressure (m/Lt?, Pa). pj, is
saturation pressure (m/Lt>, Pa). g; is production rate (L/t, t/d). py is flow pressure (m/Lt?, Pa). p,,
is saturation pressure (m/Lt?, Pa). p, is different flow pressure (m/Lt?, Pa). u(t) is the step
function, sgn(t) is the symbolic function.

The outflow performance curve is the relationship of pump actual production and flow
pressure. Therefore, the outflow performance relationship is very important. Based on correlations
for formation volume factors [17], the numerical simulation model of outflow performance curve
is built as follow:

1
LasRsgiPa Ps\n
(px) = 1440415, Lpg {1 — assg 1_(_)
Q Dx pL'*sntpd Lpdpd T LdesglpS P
Y Zmdp.Aphe 3.2 1 -1 ®)
{[f 124, Ly, (1 + 2 hp) dt +ApLLpd] 1+R (ApLLpd)

P TpZ1
X [(1 - Nwl)Cvo + Nwlew +(1 - Nwl)(Rpgl sgl) 2L ] )

where:
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where, ng, is stroke number (1/t, min™"). Lyq is plunger displacement (L, m). L, is anti-impact
stroke (L, m). R,y is gas/liquid ratio, pump suction. pg is pressure in the suction chamber
(m/Lt%, Pa). n is gas polytropic exponent. T, is temperature in y-meter deep well (T, °C). N,,; is
water/liquid ratio, production. C,,, is oil volume factors of pump suction. C,, is water volume
factors of pump suction. Ry,g; is gas/liquid ratio, production. ps,, is standard atmospheric pressure
(m/Lt?, Pa). T is gas separator temperature (T, °C). Ty, is temperature of pump barrel (T, °C). Ty,
is temperature of standard atmospheric pressure (T, °C). Z is gas compressibility factor. Apg, is
pressure difference of oil level and pump suction (m/Lt, Pa). p,. is gas separator pressure
(m/Lt%, Pa). p,, is relative density of crude oils under standard condition (m/L?, kg/m?). pg, is
gas density of air under standard condition (m/L?, kg/m?). pg,, is gas density of pump suction
(m/L?, kg/m?). Zy, is air compressibility factor. p,, 4 is gas relative density (air = 1) (m/L?, kg/m?).
Dirq 18 liquid relative density (m/L3, kg/m?).
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Fig. 1. The structure schematic map of SRPS
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3. Numerical simulation models of discharge pressure and suction pressure

The discharge pressure and suction pressure are important parameters to compute the plunger
load. Fig. 1 shows the structure schematic map of SRPS.

Based on the work environment map of pump, the mathematical models of discharge pressure
and suction pressure are given as follows:

d d —
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where, vy, is liquid superficial velocity (L/t, m/s). vy,,, is bubble limiting velocity (L/t, m/s). vy,
is gas superficial velocity (L/t, m/s). d¢,, is tubing diameter in y-meter deep well (L, m). pg,, is
gas density in y-meter deep well (m/L°, kg/m’). p;,, is liquid density in y-meter deep well
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(m/L?, kg/m?). d,.,, is rod diameter in y-meter deep well (L, m). d;, is equivalent diameter of
annular space between rod and tue (L, m). Ly is pump depth (L, m). Ly, is work fluid level depth
(L, m). Z,, is gas compressibility factor in y-meter deep well. p,, is pressure in y-meter deep well
(m/Lt2, Pa). A, is equivalent area of annular space between rod and tube (L2, m?). g, is production
rate (L’/t, t/d). Rygyy is gas/liquid ratio in y-meter deep well. C,,,, is water volume factors of
y-meter deep well. Cp,, is oil volume factors of y-meter deep well. o is surface tension
(m/t?, N/m). p, is capillary pressure (m/Lt%, Pa).

With the numerical integral method, the discharge pressure of pump is solved. When above
equations is solving, the bounds of integration are zero and pump depth, also the initial condition
isy =0,p, = p,.

4. Numerical simulation model of pump pressure

Fig. 2 shows the dynamic simulation image of pump. As shown in Fig. 2, there are four stages,
such as gas expanding stage, liquid suction stage, gas compression stage and liquid
discharge stage.

The direction from bottom to up is described as positive. Considering the influence of
hydraulic loss and fluid leakage on the pump pressure, the numerical simulation model of pump
pressure is built based on the work stages of pump:

1 2
dx(1) v, A Da+ Apgnt 4 A p
= u(vy, Julx(1) — ps + Aps] { pll;. PL _ [ ¢ d] A”L vy
og pv
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u[x(1) — pg — Apalu( vpL)mz< Am,> 2g rLp:
where:
x(1) =p,
dx(1) | (16)
a P

where, V4 is gas volume of clearance volume (L?, m*). v, is plunger velocity (L/t, m/s). V is
free gas volume of pump (L?, m%). g,, is acceleration of plunger (L/t*, m/s?). p;, is liquid density,
production (m/L3, kg/m?).

Form Eq. (15), the plunger velocity is instantaneous velocity, therefore, the pump pressure
reflects the instantaneous variation of pump pressure. With the fourth order Ronge-Kutta method,
the instantaneous pressure of pump 1is solved. In a detail, the initial condition
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Fig. 2. The dynamic simulation image of pump
5. Experiment and application

Based on the simulation model of beam pump system proposed by Xing [3], and with the
improved simulation model of pump plunger load, the stable response of SRPS is solved with the
basic parameters provided in Table 1.

With the testing equipment of oil well and the improved simulation model, the simulating and
experimental curves of motor power and dynamometer card are obtained. Fig. 3 gives the electric
parameter detector and dynamometer sensor, and Fig.4 gives the comparison between
experimental results and simulating results.

Table 1. Basic parameter of oil well

Item Value Item Value
Well 15-87 Stroke frequency, min! 3.18
Ambient temperature, °C 23 Pump diameter, m 0.056
Pumping unit CYJ14-6-73HB | Pump depth, m 1700
Motor type Y250M-8 Oil pressure, MPa 0.6
Depth of oil layer, m 3110 Casing pressure, MPa 0.3
Static pressure, MPa 21.68 Dynamic liquid level, m 1400
Saturation pressure, MPa 8.0 Inner diameter of tube, m 0.062
Fluid viscosity, MPa-s 30 Temperature gradient, °C/100 m 2.5
Water content, % 60 Liquid production, m 33.31
Gas/oil ratio, m*/m> 20 Sucker rod string, mm X m 22x800+19%900
Oil density, kg/m? 890 Rod Young’s modulus, Pa 2.1x10"
Stroke length, m 4.0 Rod density, kg/m? 7850

L‘ -
. T
e N
“
RN

/

Fig. 3. Testing equipment of oil well

NN =

b) Dynamometer sensor

a) Electric parameter detector
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Fig. 4. Comparison between experimental and/simulating results

According to Fig. 4, the maximum input powers of experimental and simulating results are
17.49 kW, 15.60 kW, the error of both powers is 1.89 kW. The maximum polished rod loads of
experimental and simulating results are 76.69 kN, 73.18 kN, the error of both polished rod loads
is 3.51 kN. There is a good agreement with the experimental curves. Therefore, the improved
model presented in this paper is accurate enough to be used for engineering practice.

Based on the numerical simulation model of inflow and outflow performance relationship, the
relationship curve is got. When some parameters are changed, such as the stroke frequency is
6 min’!, and the pump depth is 1982 m, the new outflow performance relationship curve is got.
The curves are shown in Fig. 5.

21.68

—— New Model
— - 0ld Model

—— Inflow performance relationship
— = Outfow performance of current data
= --=Outfow performance of new data
@ Current flow pressure and production
® New flow pressure and production

Flow pressure /MPa
)
oo
g
Pump pressure /MPa

0.00 - 0 s . . .
0.00 54.36 108.72 1 > 3 4
Producation /(t/d) Plunger displacement /m
Fig. 5. Inflow and outflow performance Fig. 6. Comparison of old and new model

relationship/ curve

According to the Fig.5, the conclusions are obtained as follows. The point of
supply-production coordination in condition of current sucker data is obtained. That is, the current
production and flow pressure of oil well is got with Fig. 5. The liquid production and flow pressure
of any sucker parameters are obtained. That is, the liquid production and working fluid level of
any sucker parameters are given in Fig. 5.

For demonstration purposes, the current simulation model of pump [16] is defined as old
model, and the improved simulation model of pump is defined as new model. Fig. 6 shows the
instantaneous pressure of down-hole pump.

As seen in Fig. 6, comparing with the results of old model, the pump pressure of new model
is smaller on upstroke of plunger, also the pump pressure of new model is bigger on down-stroke
of plunger. That’s because the both of hydraulic loss and Newtonian fluid leakage are considered
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in the new model. When the hydraulic loss is increasing, the minimum pressure of upstroke is
decreasing and the maximum pressure of down-stroke is increasing. Therefore, the influence of
hydraulic loss on pump pressure will be shown in new model.

In order to analyze the influence of hydraulic loss on pump pressure, the pump pressure curves

with ignoring or considering hydraulic loss are shown in Fig. 7(a). And the pressure curves with
different stroke number is given in Fig. 7(b).

20 - 20
—— Ignoring hydraulic loss
— = Considering hydraulic loss
____________ B
15§
< [+
o =
2 2
o (o]
2 10 Z
g g
k= f=
j=3 =
s t :
A
0 1 1 1 1 0 1 1 1 1
' 3 4 1 2 3 4
Plunger displacement /m Plunger displacement /m
a) Hydraulic loss b) Stroke number

Fig. 7. Influence of hydraulic loss on pump pressure

In order to analyze the influence of Newtonian fluid leakage on pump pressure, the pump
pressure curves with ignoring or considering Newtonian fluid leakage are shown in Fig. 8(a), and
the pump pressure curves with different clearance stages are given in Fig. 8(b).

20 - 20r —— Pump clearance (0.1mm)
—ConsiAderir}g 14iquid leakage — — Pump clearance (0.2mm)
— - Ignoring liquid leakage —-- - Pump clearance (0.3mm)
15 O
. 15F B & B ! !
o \ 2 l \ .
2 ! > i \ :
E 1o Vs R A Voo
7 2 .
2 RER 8 X b
a \ : & " S
g | W 2725 29 30 g W ‘\ ;
2 sh \ B £ 5 \
A . |
\ \
A
0 ! ! ! J 0 1 1 1 J
1 2 3 4 1 2 3 4
Plunger displacement /m Plunger displacement /m
a) Newtonian fluid leakage b) Clearance stage

Fig. 8. Influence of Newtonian fluid leakage on pump/ pressure

As see in Fig. 7, when the hydraulic loss is considered, the delay time of traveling valve
opening will increase during upstroke, and the pump pressure will decrease. In the same time, the
delay time of standing valve opening will increase during down stroke and the pump pressure will
increase. When the stroke number is increasing, the pump pressure of upstroke will decrease and
the pump pressure of down-stroke will increase. Among the reasons, when the plunger velocity is
increasing, the hydraulic loss will increase. Therefore, the plunger velocity is important factor
affecting pump pressure.

As seen in Fig. 8, the minimum and maximum pressure of pump is not influenced by liquid
leakage, and the liquid leakage only affects the time of pump valve opening or closing. When the
liquid leakage is considered, the standing valve opens late on upstroke of plunger and the traveling
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valve open in advance. With the pump clearance increasing, the delay time of standing valve is
increasing, and the lead time of traveling valve is increasing.

The stroke length and plunger diameter are important factors which affecting pump pressure.
So the pump pressure curves with different sucker parameters are given in Fig. 9.

As you can see in the Fig. 9, when the stroke length and plunger diameter increase, the pump
pressure of upstroke will decrease, the pump pressure of down-stroke will increase. Besides, the
pump pressure is fluctuant in liquid suction and liquid discharge stage, which is influenced by
hydraulic loss. Above conclusions are better to the design and optimization of SRPS by Practice.

20 - - L=35m 20r - - d =44mm
— L =4.0m —d ~56mm

Pump pressure /MPa
Pump pressure /MPa

Plunger displacement /m Plunger displacement /m
a) Stroke length b) Plunger diameter
Fig. 9. Pump pressure curve with different sucker/ parameters

6. Conclusions

An improved numerical simulation research of plunger pump in the condition of Newtonian
fluid is researched, the conclusions are as follows.

1. The differential equation of pressure gradient is built in condition of oil-gas-water
multi-phase fluid. Considering hydraulic loss and Newtonian fluid leakage, an improved
numerical simulation model of pump pressure is established with the first order ordinary
differential equation, which is solved with an effective differential quadrature method (DQM).

2. The new curves of inflow and outflow performance relationship are given, which is the
foundation of optimizing production and improving efficiency in engineering practice.

3. The influence factors of pump pressure are analyzed. With plunger velocity increasing, the
pump pressure of upstroke is decreasing and the pump pressure of down-stroke is increasing. With
the pump clearance increasing, the delay time of standing valve is increasing on plunger upstroke,
and the lead time of traveling valve is increasing on plunger down-stroke. When the stroke length
and plunger diameter increase, the pump pressure of upstroke will decrease and the pump pressure
of down-stroke will increase. Above results will benefit computing liquid production and be better
to the design and optimization of SRPS in oil well production.

Acknowledgements

The author express their great thanks to Z. Y. Zhang, Y. Pan, et al. of PetroChina Daqing
Oilfield Company for their support.

References
[1] Takacs G., Belhaj H. Latest technological advances in rod pumping allow achieving efficiencies

higher than with ESP system. Journal of Canadian Petroleum Technology, Vol. 50, Issue 4, 2011,
p- 53-58.

© JVE INTERNATIONAL LTD. ISSN PRINT 2335-2124, ISSN ONLINE 2424-4635, KAUNAS, LITHUANIA 41



2]

3]

[4]
[5]
[6]
(71
8]
91
[10]

(11]

2]
[13]
[14]
[15]
[16]

17]

42

85. AN IMPROVED NUMERICAL SIMULATION RESEARCH FOR PLUNGER PUMP IN THE CONDITION OF NEWTONIAN FLUID.
MINGMING XING

Wang S., Long Y., Zhou T., et al. Analysis and countermeasures on the efficiency of the pumping
wells system in the old oil-field. SPE Asia Pacific Oil and Gas Conference and Exhibition Held in
Jakarta, Indonesia, 2013.

Xing M. M., Dong S. M. A new simulation model for a beam-pumping system applied in energy
saving and resource-consumption reduction. SPE Production and Operations, Vol. 30, Issue 2, 2015,
p. 130-140.

Gibbs S. G. Predicting the behavior of sucker rod pumping systems. Journal of Petroleum Technology,
Vol. 15, Issue 7, 1963, p. 769-778.

Gibbs S. G., Neely A. B. Computer diagnosis of down-hole conditions in sucker rod pumping wells.
Journal of Petroleum Technology, Vol. 18, Issue 1, 1966, p. 91-98.

Juch A. H., Watson R. J. New concepts in sucker rod pump design. Journal of Petroleum Technology,
Vol. 21, Issue 3, 1969, p. 342-354.

Lu J. H. A New Method of Calculating Plunger Barrel Slippage. Society of Petroleum Engineers.
1989.

Lea J. F., Cox J. C., Nickens H. V., et al. Wave equation simulation of fluid pound and gas
interference. SPE Production Operations Symposium, Oklahoma City, Oklahoma, 2005.

Zhao H. J. A discussion of the friction between pump plunger and barrel. China Petroleum Machinery,
Vol. 21, Issue 2, 1993, p. 34-37.

Jeong Y. T., Shah S. N. Analysis of tool joint effects for accurate friction pressure loss calculations.
IADC/SPE Conference, Dallas, 2004.

Benavides Diaz L. C., Ortiz J. A., Gil A. The effect of temperature on the mechanical pump slippage
in heavy oil wells with steam injection. SPE Artificial Lift Conference — Americas, Cartagena,
Colombia, 2013.

Wang Z. B., Yingchuan L., et al. A simple numerical model for the prediction of multiphase mass
flow rate through chokes. Petroleum Science and Technology, Vol. 29, 2011, p. 2545-2553.

Enfis M. S., Ahmed R. M. The hydraulic effect of tool-joint on annular pressure loss. SPE Production
Operations Symposium, Oklahoma City, 2011.

Yang Y., Watson J., Dubljevic S. Modeling and dynamic analysis of the wave equation of sucker-rod
pumping system. SPE Annual Technical Conference and Exhibition. San Antonio Texas, 2012.

Luan G. H., He Sh L., Zhao H., et al. A prediction model for a new deep rod pumping system. Journal
of Petroleum Science and Engineering, Vol. 80, 2011, p. 75-80.

Pons V. Optimal stress calculations for sucker-rod pumping systems. SPE Artificial Lift Conference
and Exhibition-North America, Houston, USA, 2014.

Vogel J. V. Inflow performance relationships for solution-gas drive wells. Journal of Petroleum
Technology, Vol. 20, Issue 1, 1968, p. 83-92.

JOURNAL OF MEASUREMENTS IN ENGINEERING. MARCH 2016, VOLUME 4, ISSUE 1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


