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Abstract

Industrial operations in high H2S gas wells can cause serious environmental, financial & health consequences. Risk management is
important, especially when the world is at war with the SARS-COV-2 pandemic; we should have stronger boundaries to protect lives.
One of the common methods is the hierarchy method. In this study, by combining this method and designing a new correlation to
calculate static bottom hole pressure at gas wells, we tried to have strong risk management with the final goal of replacing the industrial
operation. In the past, time-consuming and imprecise trial and error methods& expensive operations were used to calculate static
bottom-hole pressure for gas wells. So, a general equation was modified based on field observations to obtain more accurate static
bottom-hole pressure predictions. For this purpose, a unique adjustable parameter, based on the history matching of wells, has been
proposed for each reservoir. The accuracy of this equation was investigated in three Iranian gas reservoir information. Good agreement
was obtained between the field observations and this proposed equation. The precision of this method depends on field data, and with
increasing numbers of field tests, the model becomes more accurate.
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1. Introduction

Periodic measurement of static bottom-hole pressure
(SBHP) of wells is essential to monitor the reservoir
depletion and gather information, and also, accurate
SBHP values are essential for gas reservoir engineering
calculations. The gas reservoir pressure has been
calculated from wellhead pressure for many years [1].
The success of pressure transient analysis often depends
on accurately measuring or estimating the bottom-hole
pressure [2]. Pressure measurement is an appropriate
method, but it is time-consuming and costly, especially
with deep wells, high-temperature reservoirs, and the
presence of highly corrosive gases. Therefore, the
estimation of static pressure via an accurate method is
necessary. The equations, based on the average properties
of the gas, can be developed to determine SBHPin gas
wells. The methods discussed in the literature for
calculating gas gradient pressure in tubing and reservoirs
are based on the properties of the fluid column in the well
with some simple assumptions.

In 1945, Rzasa and Katz developed three methods to
calculate the static pressure gradient in gas wells using
the trial-and-error method. They developed charts from
which pressure gradients may be read when the wellhead
pressure, the well fluid gravity, depth, and the average
well temperature should be given [1]. Messer et al.
considered the z-factor a linear function of reduced
pressure, Pr, between 10 - 30 for reduced temperatures,
and Tr, between 1.1 — 3. They used a numerical
integration method to solve their suggested equation [3].
Economides presented two correlations for calculating
static bottom-hole gas pressure in saturated or slightly
superheated vapor. Also, he suggested that the vapor
density is a linear function of pressure [2]. Bender and
Holden used different temperature distribution functions
to determine the average temperature in the good column
for average z-factor calculation [4]. Moreover, other
researchers developed some methods to calculate static
bottom-hole pressure for gas wells using simplifying
assumptions [5]. In this paper, a new equation has been
suggested and used for comparison with field
observations.
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2. Theory

2.1 Derivation of Formula

The basis of the SBHP calculation technique is energy
balance in the wellbore. The general differential form of
the energy balance equation describing steady-state flow
in pipes [6]:
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Where:

p is the fluid density, p is pressure, gis local
acceleration, gis dimensional constant, v is flow velocity,
F is energy loss resulting from friction, and ws is the total
shaft work done by the system.

In a static gas column, the kinetic energy, shaft work,
and friction effects are zero and can be eliminated from
Eq. (2).

144 B 4L =
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In American Engineering Unit g=gc, therefore, Eq.
(2) is rearranged as below:

dp = ——dL ®3)

Using the real gas equation of state (E0S), the gas
density can be intended as a function of pressure:

o = PM _ 28.97y,p
g ZRT zZRT

(4)

Where M is the molecular weight of gas (iﬁm&), z
mole
is the gas compressibility factor, R is the universal gas
i £e3
constant, 10.732 (%), 74 IS gas specific gravity, and
mole-

Tis absolute temperature (°R).
Substitution of Eq. (4) in Eq. (3) yields:
_ 001875y,p

Figure 1 illustrates the schematic of a vertical well
geometry. Gas density and compressibility factors are
functions of pressure and temperature. In addition,
temperature and pressure change with depth. Therefore,
solving the differential equation (Eg. (5) is complicated.
To simplify the solution, the z-factor and temperature
were assumed to be constant and can be represented by
average values. Typically, these average values are
determined in an arithmetic average of the surface and
bottom-hole temperature and pressure [6].

Substituting an average temperature,T, and an
average z-factor,z, into Eq. (5), integration from bottom
to top of the wellbore, SBHPcan be derived as follows

[6]:

fPWhSd_p _ 0.01875}'g (6)
ps p ZT

0.01875y,4H,
Pys = Pyns X exp (Tgt) U]

Where H; is the total depth of the well (ft), Pws and
Puns are static bottom-hole and static wellhead pressures
(psi), respectively.
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Eqg. (7) is a general form for calculating the SBHP
using surface field data. Because z depends on Pys, the
solution to Eq. (7) involves a time-consuming iterative
process.

In this study, a new method has been proposed to
solve Eqg. (7) for reducing time and improving the
accuracy of results.

3. Proposed Equation and Method

To improve the correlation results, a positive adjustable
and dimensionless parameter,a, which is unique for each
reservoir, was considered in Eq. (7). In fact, this
parameter is adjusted to eliminate the trial-and-error
calculations and can be obtained by matching the
measured pressure of the reservoir. Thus, the proposed
equation is:

0.01875y4H¢
Fus = Pwps X exp (O.’ X ?) (8)

To solve this equation, some steps must be done as

follows:

I- Give the basic information about the reservoir,
such as initial reservoir pressure, Pj, initial
reservoir temperature, T;, and mole fraction of
components representing the reservoir fluid
sample.

II- Use the available information of wells in the
reservoir such as static wellhead pressure, Pupns,
measured Static bottom-hole pressure, Pus-gauge,
static wellhead temperature, Tuwns, and well
depth, Hy, which was measured previously.

I11- Calculate the average pressure and temperature

for each well as follows:
ﬁ _ l:)i + Pwhs

2
T — Ti + Twhs

IV- Calculate the z-factor of each well. In this work,
Wichert and Aziz's correlation accounted for
inaccuracies in the Standing and Katz chart
when the gas contains significant fractions of
CO; and HS [7]. Also, for the effect of high
molecular weight gas correction, Sutton’s
correlation has been used [8].

V- A range for a from 0 was considered.

VI- For the first value of a, static bottom-hole
Pressure, Pus_caic, Was calculated for each well
by available data of reservoir (T;, Piand y4) and
wells (Pws_gauge, Pwhs, and Ht) with Eq. (8).

VII- Calculate the Root Mean Square Deviation,
RMSD, of the reservoir for consideration as
follows:

2
RMSD — \/Zn(Pwscalc_Pwsgauge) (9)

n

Where n is the number of wells in the reservoir that
has been reported Pus_gauge fOr each of them.
VIII- In this step, by the new value of « (previous
a+e¢), steps VI and VII would be repeated until
a reaches the maximum value in the range.
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IX- RMSD vs. a is plotted. The optimum value of «
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Table 4. Measured information of wells in reservoir 2.

of the reservoir causes to have minimum RMSD.
Using optimum e, the static bottom-hole pressure of Parameter Welll | Well2 | Well3 | Well4
any wells in the reservoir has been computed by Eqg. (8) _
without the necessity to use the pressure gauges anymore. Pws gauge (psia) | 2404 2529 2544 2572
Puns (psia) 1495 1664 1609 1630
Table 1. Mole fraction of components for three reservoirs. He (f0) 13650 13284 13690 13505
Tuwns(°F) 70 68 75 73
component Mole fraction
Reservoir | Reservoir | Reservoir Table 5. Measured information of wells in reservoir 3.
1 2 3
N2 0.06 0 0.2 Well 3
Well Well Well
Co; 2.35 10.77 2.42 Parameter 1 2 4
H,S 0 24.46 0.07 Test1 | Test2
C1 85.65 63.07 86.85 Por come
C2 6.35 0.79 581 (pggia)g 2961 | 3024 | 3026 | 3017 | 3011
Puns (psia) 2350 | 2310 | 2325 | 2330 | 2360
_C3 252 25 — Ht (ft) 8010 8772 8482 8482 7868
I-C4 0.56 0.07 0.42 Tuns(°F) 130 | 131 | 121 | 121 | 118
r_]-C4 1 0.11 0.86 Table 6. Calculated values of a for each reservoir.
i-C5 0.43 0.07 0.25 _
n-C5 0.39 0.08 0.25 reservoir Average Pys a
C6 0.41 0.08 0.15 1 11985 1.580
Cr+ 0.38 0.22 0.15 2 2509 1.089
3 3008 1.267

Table 2. Initial pressure and temperature of reservoirs.

Table 7. Comparison between Pws-gauge and calculated Pws

Reservoir Pi(psia) Ti (°F) of each well in reservoir 1 by a=1.580.
1 12750 285 = Calculated | RAE | Calculated | RAE
well wegaee | Pus (psi) b % Pus (psi) b %
2 7531 220 (psi) ooy | o | ey B9
. Well
Table 3. Initial pressure and temperature of reservoirs. 1 2404 2362 1.736 2172 9.649
er" 2529 2501 2.454 2412 4.629
Well 1 Well 2 Well 3
é Well | 2544 2532 0.461 2343 7.882
S 2 1% |2 |2 |5 |2 |8 |5 f 2572 2559 0.502 2372 7.745
F - ||k |F |+ |F|F
Table 8. Comparison between Pws-gauge and calculated Pws
of each well in reservoir 2 by a=1.089.
Pusg | 127 | 127 | 125 | 125 | 123 | 113 | 110 | 105 Calculate Calculate
age | 46 | 34 | 58 | 58 | 32 | 78 | 53 | 23 P d RAE d RAE
: well wsgauge . (%) . (%)
(psia (psi) Pus (psi) Eq. 8 Pus (psi) Eq. 7
) by Eg. 8 ) by Eq.7 )
T'“f't 12746 | 12809 | 0495 | 11509 | 9.703
Purs | 938 | 940 | 933 | 929 | 903 | 817 | 792 | 739 Well [ Test | 15200 | 10818 | 0666 | 11518 | 9547
(psia | 9 0 6 6 5 8 7 0 1 2
Tt | 12558 | 12677 | 0948 | 11451 | 8808
Well Tft 12332 | 12337 | 0044 | 11721 | 6.662
He | 159 | 159 | 159 | 159 | 159 | 159 | 159 | 159 26 —
(ft) | 58 | 58 | 58 | 25 | 25 | 17 | 17 | 17 gs 11378 | 11243 | 1.180 | 11108 | 9.918
TiSt 11053 10922 | 1186 | 10165 10%65
Twhs | 195 | 197 | 195 | 199 | 205 | 209 | 210 | 196
A | 5| 5| 5| 1 WAl Tt | 10523 | 10250 | 2506 | ossr | 1O
TSU| 1258 | 12743 | 1470 | ean0 | MhO?
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Table 9. Comparison between Pws-gauge and calculated Pws
of each well in reservoir 3 by 0=1.267

Calculated Calculated
ed | RAE €d | rRAE
well Pwsga_uge Pus (psi) (%) Puws (psi) (%)
(psi) by © | gk | B | ak
Eq.8 : Eq.7 :
Well 1 2961 2993 1.084 2873 2.960
Well 2 3024 3010 0.450 2878 4.820
Test | ap06 3013. 0.397 2885 4,661
Well | 1
3
T‘Z’St 3017 3020 | 0111 | 2801 | 4174
Well 4 3011 3004 0.207 2885 4.169

T.

N
e

v

Pws

Figure 1. Schematic of a vertical well geometry.
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Figure 2. RMSD vs. a for reservoir 1.
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Figure 3. RMSD vs. a for reservoir 2.
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Figure 4. RMSD vs. o for reservoir 3.

4. Results and Discussion

Table I shows the component's mole fraction, and Table
Il presents the initial pressure and temperature of three
Iranian gas reservoirs information. Measured Pwhs, Pws-
gauge, Twhs, and Htof wells in each reservoir are listed
in Tables IlltoV. In Figures 2 to 4, RMSD vs. a was
plotted for each reservoir, and the optimum values were
selected and listed in Table VI. Using the obtaineda of
each reservoir, Pws_calcof wells have been calculated by
Eqg. (8) and also by Eq. (7) (Using trial and error method).
The results are shown in Tables VII to IX. Also, the
Relative Accuracy Error (RAE) of each calculated SBHP
is listed in Tables VII to IX. According to tables VII to
IX, the new model (Eq. (7)) has less RAE than the base
model (Eqg. (7)). It is important to be noted that, the
accuracy of this method depends on field data and
increasing numbers of field tests, the results of this model
become more reliable.

5. Conclusions

This work applies a modified equation to forecast the
SBHP of gas wells in different reservoirs without using
the time-consuming trial and error methods by
introducing an adjustable parameter, a. This parameter
would be obtained by history matching and used in the
proposed equation to predict SBHP in other wells or at
other times. The model correlates the observed data with
good accuracy and can be a good way to eliminate
operational risk.

Overall, the literature on introducing a risk
management method based on hierarchy risk
management and surface data to eliminate operational
risk offers significant value to society. Operational risks
are inherent in various industries, and effective risk
management strategies are essential for mitigating these
risks and ensuring the smooth functioning of
organizations. Through the synthesis of existing research,
it becomes evident that implementing a risk management
method based on hierarchy risk management and surface
data can contribute to reducing operational risk and
improving overall organizational performance.
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Studies have highlighted that the introduced risk
management method enhances the identification and
assessment of potential risks systematically and
structured. This enables organizations to proactively
identify and prioritize risks, leading to more effective risk
mitigation strategies. Using a hierarchical framework,
risks can be categorized based on severity and likelihood,
enabling organizations to allocate appropriate resources
and focus on high-risk areas. This holistic approach
provides a comprehensive understanding of operational
risks and aids in developing targeted risk management
strategies.

Furthermore, integrating surface data into the risk
management method offers valuable insights into
potential risks and their impact on operations. Surface
data includes information gathered from various sources,
such as incident reports, near-miss incidents, and
employee feedback. Incorporating this data into the risk
management process enables organizations to identify
patterns and trends, facilitating proactive risk prevention
efforts. By utilizing surface data, organizations can
develop a deeper understanding of the root causes of
operational risks, allowing them to implement effective
control measures and eliminate risks before they escalate
into major incidents.

The societal value of this research lies in its
contribution to the overall safety and stability of
organizations across various sectors. If not properly
managed, operational risks can lead to financial losses,
reputational damage, and, in extreme cases, even
fatalities. By implementing the introduced risk
management method, organizations can enhance their
ability to protect their employees, assets, and
stakeholders. Consequently, this contributes to the well-
being of society by promoting safer working
environments and minimizing the potential negative
impacts of operational risks.

While the existing literature on the subject provides
valuable insight, several areas of further research could
enhance the understanding and application of the
introduced risk management method. Firstly, empirical
studies can be conducted to assess the method's
effectiveness  across  different  industries  and
organizational contexts. This would allow for identifying
potential challenges and developing tailored strategies to
optimize its implementation.

Secondly, exploring the role of technology in
supporting the implementation and utilization of the risk
management method presents a promising avenue for
future research. Advances in data analytics, artificial
intelligence, and automation could potentially enhance
the identification, assessment, and monitoring of
operational risks. Investigating the integration of such
technologies within the introduced risk management
method could lead to more efficient and comprehensive
risk management practices.
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In conclusion, the literature review on introducing a
risk management method based on hierarchy risk
management and surface data to eliminate operational
risk highlights the significant societal value of this
research. By offering structured and comprehensive
approaches to identify, assess, and mitigate operational
risks, this method enhances organizations' overall safety
and stability. Further research in industry-specific
applications and technological integration would
contribute to improving and optimizing this risk
management method, ultimately benefiting society.
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