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Unconventional Oil and Gas Resources
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Figure 1. Map of basins with assessed shale oil and shale gas formations, as of May 2013
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CASE STUDY 1: HOW MUCH IS THE SELF SCALING TENDENCY?

QUITE HIGH.

* Saturation index was calculated for different combinations of pressure and temperature based on formation
'water composition (using SCALECHEM Software)

* Areas in the graph with saturation index of more than 1 are considered at risk of scaling

* Itisimportant to ook at scaling mass.

in paraliel to scaling index. Scaling -

would only be significant if the scaling = =

mass s high =
+ Bottomhole flowing conditions seem

0 be deep in the scaling zone with 3

reiatively high scaling mass
« Scaling at the perforations and near

wellbore area can impai the flow of

both gas and water
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Table 1. Tuned coefficients used in Equation 16

Coefficients 0.01<F,<3.0 3.0<Py<15
Ay 0.007698 0.015642
A 0.003839 0.000701
A3 —0.467212 2.341511
Ay 1.018801 —0.657903
As 3.805723 8.902112
A —0.087361 —1.136000
A7 7.138305 3.543614
Ag 0.083440 0.134041

oad 03,51 TADIE2 Jgu jo (olsm plw g oog Vo F b« WA o S 9 ¥+ B VY o (655 slo bgla JsSg0 )59

Table 2. Properties of different natural gas used in this study

Composition (mol%) Minimum Maximum Average
Methane 30.64 100 88.29
Carbon dioxide 0 50 3.4970
Ethane 0 64.56 2.2368
Propane 0 21 0.8194
i-butane 0 0.755 0.0236
n-butane 0 0.755 0.0221
i-pentane 0 0.299 0.0092
n-pentane 0 0.304 0.0067
Hexane 0 0.058 0.0003
Heptane plus 0 0.043 0.0004
Nitrogen 0 50 4.1563
Hydrogen 0 33.75 0.9382
Pressure (bar) 0.1 973 173.51
Temperature (K) 240 598 372.73
Z-factor 0.5221 1.431 0.9439
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Table 3. Average absolute relative deviation of this study compared with other empirical models and EOSs

Methane Other Data P range T range PR- SAFT- This

(mol%) components points (MPa) (K) D Lo el EOS EOS study Ref
0.5-0.9 CO; 277 0.01-80 307-673 2.8762 5.1101 1.3853 2.7114 0.9405  1.4399 [9,18,27]
0.5-0.9 N, 455 0.6—80 240-673 1.6106 2.3193 2.3344 2.1464 0.7913  0.6804  [9,18,24,31]
0.6-0.8 COz-N; 56 20-80 373-573 1.5438 1.4754 4.3232 4.0402 0.6472  1.2978 [19]
0.54-0.94 H>O 70 7.5-18.8  430-698  4.3349 5.377 2.4659 0.3891 03565  2.2396 [20]
0.35-0.85 C2 558 0.1-24.1 294-394 1.9081 5.0589  2.1445 2.2584 0.9406 09107 [10,23]
0.79-0.93 Cs 56 0.9-10 278-313 0.6971 3.9476  0.9912 2311 0.8687  1.4817 [21]
0.91-0.94 C3-Cq 30 0.8-10.1 293-313 0.5511 5.5574 1.0182 2.558 0.1939  0.7617 [22
0.3-0.34 C,-CO, 60 0.7-7.5 283-333 3.0628 2.9833 0.8676 2.4633 14118 09113 [25]
0.35-0.53 Cy 71 8.8-48.1 316-479 1.5802 3.9886 3.5132 1.487 0.6939  0.8601 [26]
0.55-0.81 H> 109 0.4-51 273348 1.4738 3.3327 2485 1.8357505  0.6931  0.7994 [11,15]
1 - 3336 0.1-100 250-573 2.1609 2.5584 2.2452 1.6887 05913 0.4841 [9-17]
0.8484 N.G.1 40 0.24-14 241-455 0.8099 113732 3.4509 0.9832 0.1301  0.2029 [32]
0.9016 N.G.2 45 4.46-25.1  263-303 4.0135 11.6532  1.3212 1.1834 08112 0.5242 [33]
0.8001 N.G.3 34 13.3-253  262-304  13.2343  17.8473  1.1322 4.4563 16011 2.0733 [33]
0.922 N.G4 45 4.9-252 262-304  4.0129 7.0848 4.7866 3.0021 0.7353  0.6965 [33]
0.8957 N.G.5 224 0.1-20.1 260-320  3.5317 8.2178 2.87 3.6513 0.9919  0.6289 [16]
0.8433 N.G.6 224 0.1-20.2 269-320 2.6531 8.7632 2.6523 1.9734 1.1032  0.3569 [16]
0.9835 N.G.7 28 1.0-15 253-323 0.9843 1.8322 0.8546 0.8812 04512 03212 [28]
0.9036 N.GS8 28 1.0-15 253-323 0.7916 2.0003 1.6598 0.8113 0.5087  0.4457 [28]
0.9244 N.G.9 28 1.0-15 253-323 1.1569 3.1456 1.1232 1.7632 04257  0.8322 28]
0.9099 N.G.10 70 2.2-345 263-350  3.4362 3.8321 3.0013 23421 0.9588  0.7144 [30.31]
Average 5844 2.2684 3.7086  2.4063 1.9566 0.7097  0.6535
Table 4. Compositions of 10 different natural gas mixtures mentioned in Table 3
N.G.1 N.G.2 N.G.3 N.G.4 N.G.5 N.G.6 N.G.7 N.G.8 N.G.9 N.G.10
Methane 84.84 90.16 80.0079 92.2045 89.57 8433 98.352 90.362 92.436 90.991
Ethane 8.4 6.3077 9.3063 4.3373 6.1464 3.4085 0.511 5.708 1.285 2.949
Propane 0.5 0.801 4.963 0.5396 1.2532 0.6023 0.153 1.124 0.348 1.513
n-Butane - 0.0643 1.2791 0.0771 0.1924 0.1282 0.031 0.169 0.046 0.755
i-Butane - 0.0446 0.7188 0.2562 0.2857 0.1033 0.021 0.301 0.041 0.755
n-Pentane - 0.0044 0.2499 0.0198 0.0324 0.035 0.011 0.029 0.014 0.304
i-Pentane - 0.0054 0.2556 0.0468 0.0565 0.0375 0.008 0.059 0.015 0.299
Hexane - 0.0014 0.1793 0.0606 0.0572 0.0388 0.005 0.058 0.012 -
Heptane - 0.0005 0.101 0.0364 0.034 0.0174 0.001 0.035 - -
Heptane™® - 0.0001 0.0621 0.0091 0.0095 0.0072 0.0003 0.008 - -
Hydrogen - - 0.001 0.0005 0.0007 0.0005 - - - -
Helium - 0.0068 0.0084 0.0168 0.0137 0.052 - 0.015 - -
Water 0.0006 - - - - - - - -
Argon - 0.0514 - - 0.0419 0.01 - 0.011 - -
Nitrogen 5.6 0.7587 0.6601 1.3916 1.5324 9.752 0.841 1.474 5.751 2.031
Carbon dioxide 0.66 1.7947 2.1902 1.003 0.774 1.4523 0.066 0.647 0.052 0.403
Benzene - 0.0002 0.0173 0.0007 - 0.025 - - - -
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Figure 2. AARD% of various methods in calculating natural gas Z-factor as

function of cumulative frequency
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Figure 1. Accuracy of this study versus 5844 experimental data points

S ¥ oYL %AARD Ghyls 0ols DAY 5l ao,0 V.0 L ad)ls SO 5l S %AARD L ools SUTAY 00 jieS
Al o0 SOl STV 5 00 5l eS e (6,05 o3ll 1087 sl %AARD a5 ol SAFT woleo 535 g, Cyogo

DS eyl gy ple bawslies 1y 055 (65 o alal, ul e

‘S:nlf_.i..iuﬂ @l:;.st:ooob m}.L:éuGs.:.,Ja‘_gLa: 35 Gl o515 o d b jo Was alal) 6..\.0])[5 e)jTﬁ yekate 4
BN ES oli....g}/b G Salae slo iS5 (sl ol glod g adl rals alh jLid jo wal SO sl by, plu 5()] aJoles
Qo 53 ol 48 5515 4 dax o fygee )5, 3BT o 1y ol mSl o VL 43S Z sla sols 45 54 a5 anl 00,9] Cewas |

Cel 00d 03351 (05 U39z 5 53 1S 5 S 5 iz

<ol AARD%= . ¥YAQ bogo b g pdy @511.: COpS (g G ) M g, YL woﬁbﬁuw

Table 5. Composition of Khangiran Refinery natural gas

Components Composition (mol%)

Methane 98.64
Ethane 0.593
Propane 0.065
n-Butane 0.034
i-Butane 0.015
n-Pentane 0.019
i-Pentane 0.026
n-Hexane 0.125
Nitrogen 0.428
Carbon dioxide 0.055
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Figure 3. Calculated and measured Z-factor for Khangiran Refinery data
(T'=298 K)
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Introduction

A key component of the reservoir management is to take decisions about the life-cycle
development or re-development activities in the oil and gas reservoirs (Jansen et al., 2008, 2009;
Shirangi and Durlofsky, 2015; Wang et al., 2007). Decision making generally entails optimization
of development scenarios based on the reservoir model whose performance in the prediction of
future is reliable. In the literature, many researches have been addressed to cover some aspect of
the general reservoir development optimization. Cumulative oil production (COP), net present
value (NPV), production plateau time (PT), and voidage replacement ratio (VRR) are among the
most-used criteria in the production optimization (Almeida et al., 2007; Awotunde and Sibaweihi,
2014; Bellout et al., 2011; Doublet et al., 2009; Echeverria Ciaurri et al., 2011; Gross, 2012;
Humphries et al., 2014; Isebor et al., 2014; Lorentzen et al., 2006; Onwunalu and Durlofsky, 2010;
Van Essen et al., 2011; Zandvliet et al., 2008). Almost, a single optimization approach has been
implemented in all the mentioned works. In the real practice, the aim is to find an optimum design
to satisfy multiple objectives, which may be possibly conflicting (Bagherinezhad et al., 2017).
Another issue that increases the complexity of optimization in the giant fields is the high number
of variables. Reservoir development optimization may require to determine the well/jacket
location, injection/production patterns, and also time-varying controls. In giant fields, optimizing
all these parameters may be impossible regarding run-time cost. This motivates us to develop a
multi-level decision making workflow which can be used in real field optimization to achieve near-
optimal plan. In this methodology, both reservoir and economical objective functions are
considered. In the next section, a brief description of proposed workflow has been presented. Then,
results of implementation in a giant offshore field has been depicted briefly.

Optimization Workflow In real field development optimization, different aspects of decision
taking should be considered. This may be reservoir-side objective functions as well commercial or

L
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contractual targets. In this regards, we develop an integrated workflow to optimize the
development concept in real field. This workflow can be easily customized for any green or brown
field. This is based on the rule that any design variable (field rate, well numbers, jackets...) is
decided by a specific level in reservoir management structure. For example, field rate or number
of drilling for green field are the most important parameters that affect the cost of project. In this
regards, they have the higher priority and should be optimized at the first stage. At the end of this
stage, a decision should be taken. So we will have different levels of optimizations aligned with
different level of decision taking; between each two level a decision gate should be considered. It
should be noted that different levels have been optimized in decoupled manner. In each level, the
optimization parameters of lower level have been set by practical and engineering tools. Figure 1
presents the proposed workflow for green field development optimization. It consists of the
following steps for a giant field:

[\IField Level Optimization: the first level includes determination of parameters which have

major effects on the capital cost of project. For example, the field rate may be optimized in this
level. For giant field, the best practice is phase development. Phasing of field, assigning priority
to each phases and etc. can be optimized in this step. In this step, parameter that will be optimized
in next steps (e.g. well locations) can be set by simple engineering tools. For example, concept of
Simulation Opportunity Index (Abd Karim and Abd Raub, 2011) in green field or Dynamic
Measure (Taware et al., 2012) for brown field can be used for well placement (Figure 2).

[2] Field Level Decision Gate: in this gate, one of scenarios which are planned in step 1 should
be selected. The selection process can be multi-objective based on technical/economical
objectives.

[3] Phase Level Optimization: in each phase, number of jackets (offshore) or clusters (onshore) ,
number of wells, well rates and etc. should be optimized. Although the decision taken in the step
2 will be optimized more in this step, it don’t change the high level objective drastically.

[4] Phase Level Decision Gate: similar to step2, scenario designed in step 3 are evaluated in this
gate. Optimum scenario based on the project objectives will be selected and confirmed.

[5] Next Levels: this multi-level optimization can be continued or customized for next levels. For
example, in well level, it may be optimized the condition of well, lifting strategy, work-over plan,
and etc.

The workflow has been implement in a giant offshore field in Iran. The results are presented in the
next section.
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Figure 2 procedure of calculation of Dyvnamic Measure (Taware et al., 2012).

Case Study

The proposed workflow has been implemented in a giant offshore field in south of Iran. Field has
been produced for several years and now for production sustainability, some IOR/EOR activates
are planned. We implement two parallel approaches for two purposes:

[1] Green field level optimization: we performed this to find the optimal scenarios for field
development. This produces some optimal guideline to judge about the current situation of field
and also finding the best solution to improve the performance of field by some IOR/EOR activities.

[2] Brown field optimization: this workflow is customized for current condition of field to reach
sustainable production. Figure 3 shows the procedure designed for IOR/EOR activity optimization
to find the best solution. Logic of this procedure is the same as described in previous section; only

some modification has been applied.
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After implementing the multi-level decision making in the field, the optimum scenario of
IOR/EOR which includes drilling new infill wells, and also implementing lifting in the wells have
been selected.

In Figure 4, results of two mentioned approaches have been presented. Lines show the optimal
guidelines which can be used for decision making considering the constraints and also objectives.
This lines are used for evaluation of current condition of field (red triangle). Selected scenario in
brown field optimization has been shown by yellow circle; the results shows reaching the optimal
from current condition need some extra capital cost. Blue dot shows the high-cost scenario which
can be considered as maximum possible limit for improvement.
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Figure 4 Results qf development optimization.
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Conclusion

Implementing optimization procedure in real fields usually has encountered with operational
challenges. These are the multi-objective conflicts, high number of parameter to be optimized,
high computational cost, and different decision maker levels. This motivates us to design an
integrated workflow for development optimization met the mentioned concern. Proposed
workflow has been implemented in a giant offshore field; optimum scenario for IOR/EOR
activates to sustain the production has been planned. Flexibility in multi-level optimization
workflow causes that it can be customized for any type field regarding its condition.
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