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Determination of the temperature operation mode of wells equipped with
ESPs and assessment of the probability of complications when the pump
unit leaves the optimal temperature zone
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Abstract: This article describes the methodology that allows to calculate the temperature at
the pump intake depending on the technological mode of producing wells and demonstrates
its application by the example of the stock of producing wells of Samaraneftegaz AO. The
temperature increase is calculated taking into account the presence of free gas in the pumping
equipment chamber. Such increase negatively affects the operation of the unit as a whole,
since there are risks of overheating the cable line in the lower sections of the pump and scale
formation in the pump itself.
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1 Introduction

Operation of electric submersible units
is associated with complications leading
to failures. The most common cause of
failure is overheating and deposition of
inorganic salts, which occur as a result of
intensive heat release, the amount of which
exceeds the heat dissipation by the well
products [1-7]. When operating ESPs at
high temperatures, the MTBF (mean time
between failures) decreases dramatically,
and the probability of the inorganic
salt depositing on the moving parts of
the ESPs increases [8-12], resulting in
failure of the pump unit [13, 14]. In some
cases, the elevated temperatures can lead
to melting of the cable lines insulation
[15]. Abnormal temperature conditions
are most pronounced in wells with high
gas-oil ratio and low flow rate, as well
as in wells with bottomhole pressure
significantly below the bubble-point
(saturation) pressure [1, 14, 16]. Such
operating conditions are characteristic
of many wells in the fields of the
Samaraneftegaz AO.

In Samaraneftegaz AO, the main
share of production wells equipped with
artificial lift systems at the beginning of
2021 is operated by electric submersible
pump units (ESPs) (Fig. 1).

Knowledge of the temperature
operating mode as a function of many
variables would allow preventive
measures to optimize the operation of such
wells, increase the average time between
failures, and improve the technical and
economic performance of wells, reducing
operating and maintenance costs.
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2 Calculation methodology

To estimate the thermal state of the
fluid flow, it is necessary to calculate
the temperature in the pump, taking
into account the free gas content in the
flow. The temperature in the pump was
calculated by the formula [17]:

Tw =Tf +ATw :Tf +Psai;_ﬂ, (1)
—_C
C, !

where T, — pump casing temperature,
K; T, — temperature of the gas-liquid
mixture at the pump intake, K; AT, —
temperature increase between the point
of the pump intake and the point of the
complete gas dissolution inside the pump,
K; P, — bubble-point (saturation)
pressure, atm; C; — coefficient accounting
for the change in saturation pressure from
temperature, atm/K; 6 — geothermal
gradient in the well, K/m; Ax — distance
from the upper perforation holes to the
pump, m; C, — a constant value added to
simplify calculations, atm/K.

In this study, the geothermal gradient
6 was taken as 0.0357 K/m, T, was taken
on average 10°K above the reservoir
temperature, since the fluid flow is heated
by the submersible motor by about
5-15°K.

C, is calculated by the following
formula:

1
701,8 )
G:(y, -0,8y,)

C, =
9,157 +
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Fig. 1. Distribution of the Samaraneftegaz AO production well stock by methods of operation method

as of the beginning of 2021

where Gy is the gas-oil ratio, m3t; y,,
y, — content of methane and nitrogen
in the gas fraction, respectively, C, is
calculated as follows:

— ¢ qOR2‘Pint l-}—% (3)
* 1-¢20-BMhGP,, |a L, |’

where @ — free gas content in the mixture,
fraction; g, — heat source power density,
W/m3; R, — radius of the cylindrical
pump casing, m; P;, — pump intake
pressure, atm; 6, — size of gas bubbles
at the pump intake, m (taken equal 0.001
m); A, — thermal conductivity of gas
layer on the surface of the casing (we take
it as 5), W/(m-K); B — water content in
the well production, fraction; A — pump
head, m; G — formation gas-oil ratio, m3/
m3; P, — atmospheric pressure, atm;
o — convective heat transfer coefficient
(we take it as 3800), W/(m?2-K).

The actual free gas content in the
mixture @ is determined by the expression:
1 Bra o @

+Bsat C

where .., — gas content in the pump,
fraction; C, — gas bubble rise velocity,
depending on water content in the well

o=

production, m/s (at B < 0.5 C_,, = 0.02
m/s, at B 2 0.5 C,, = 0.16 m/s); C —
effective gas speed in the casing section
at the pump intake, m/s.

To determine the gas content of the
pump, the gas content at the pump intake
and the gas separation factor must be
determined. The gas content at the pump
intake is calculated according to the

following expression:

Gint
1+P )B +1’ (5)

int

Bint =

where G,,, — free gas volume at the pump
intake, m3/t; P,,, — pressure at the pump
intake, Pa; B* — oil formation volume
factor at pressure at the pump intake.

Free gas volume at the pump intake

G, is calculated by the expression (6):
B,
Gint = Gf |:1 _Eaz:|, (6)

where G; — gas-oil ratio, m%t; P,,, and
P, are pressure at the pump intake
and pressure bubble-point (saturation),
respectively, Pa.

The oil formation volume factor B™ at
pump intake pressure is calculated by the

expression:
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B =B+(1-B)

‘F)int
1+(0-1) fm}, 7)

where b is the oil formation volume factor
at the pressure of saturation.

The gas content in the pump including
gas separation is determined by the
following expression:

Bpump = Bint(l_Ks)’ (8)

The separation coefficient is calculated
by the formula [1]:

Ks :Kns +K '(l_Kns)’ (9)

gsi

where K_; is the gas separation coefficient
with a gas separator coefficient (if the
separator is present in the assembly, it
is taken in calculations equal to 0.85, if
not — 0 [18]), fraction.

K,.the natural gas separation
coefficient at the intake of the submersible

pump, is calculated by the formula [19]:

1
Kns = ’ (10)
|, 6:02Q,,
fwellZ

where f,.;; is the area of the annulus
formed by the inner surface of the casing
and the pump housing, mZ2.

The effective gas velocity in the casing
cross-section at the pump intake C is
calculated as

Q..
C — g.int , (11)
fwell
where Q, ;,, is the volumetric gas flow rate

at the pump intake, m3fs; f,,., is the cross-
sectional area of the well at the pump
intake, m2.

The volumetric gas flow rate at the

pump intake Q_, is calculated as follows:
Qintﬁint
]‘ - Bint
where Q,,, is the volumetric fluid flow rate
at the pump intake, m3/s.

g.int

Qyin = (12)
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The volumetric fluid flow rate at the
pump intake is related to the oil formation
fluid factor at the pump intake pressure by
the following equation:

Qint :Q'B*y

where Q is the fluid flow rate, m3/s.
The heat source power density qg is
defined as

(13)

_4__9
Vv, R’
where g is the heat source power of one
ESP stage, W; V; is the volume of one
ESP stage, m3; R is the radius of the
cylindrical pump casing, m; [ is the pump
stage’s height, m.
The heat source power of one ESP
stage is defined by the following equation:
q= 9% ,
n

stages

9 (14)

(15)

where Q, is the power, consumed by the
pump to produce heat, W; n is the
number of stages in the pump.

The power, consumed by the pump
to produce heat is determined by the
following expression:

Qp = NSEM : 1’ISEM : (1 - T]pump )’ (16)

where Nggy is the power of the
submersible electric motor, W; nsgp, is the
submersible motor efficiency, fraction;
Nyump 1S the pump efficiency at current
capacity, fraction.

If a TMS (downhole telemetry system)
is installed on the pump unit, the pump
intake pressure value P, is taken from
the data provided by the sensor, otherwise
it is defined from the expression:

Pint = Pcasing + (Hpump _HDFL)EOg : 1075’ (17)

where P_;,, is the annular pressure, atm;
Po is the average oil density, kg/m3;
H pmp is the pump dgpth qf immersion, m;
Hpg, is the dynamic fluid level, m; g is

the acceleration of gravity, m/s2.

stages



Calculations of cable line temperatures
upstream of the pump were carried
out for the producing well stock of the
Samaraneftegaz AO. The calculations
involved 558 wells. Equipment data from
pump manufacturers were used in the
calculations [20-22].

The following restrictions were
imposed on the wells, for which the
calculations were carried out:

1. The well is operated by ESP;

2. The well is operated continuously;

3. The well is developing a single
reservoir;

4. Russian-made ESP is installed on
the well to determine pump characteristics

5. There is no packer in the well.

Five ranges were chosen for the
analysis. In the wells where the
temperature upstream of the pump does
not exceed 90°C, there is no intensive
salt deposition and there are no problems
with overheating and melting of the
cable line insulation upstream of the
pump. At temperatures above 90°C,
the solubility of inorganic salts such as
calcite, barite, anhydrite and gypsum
decreases and thus the well and the
pump show signs of scaling [10-12, 23].

At about 120°C, there will be signs of
overheating of the cable line (provided
that the cable extension has an operating
temperature limit of 120°C) [24, 25]. In
the temperature range from 120 to 160°C,
the well will also show signs of scaling,
and there is a possibility overheating the
cable line if the cable line extension has
an operating temperature limit of 160°C
[24, 25], or melting if the cable line
extension has an operating temperature
limit of 120°C. If the ESP operates above
160°C, the main problem will be melting
of the cable extension (drop in the cable
line insulation resistance to 0), unless
a temperature-resistant extension cord
designed to operate at temperatures up
to 230°C is used [24, 25]. The results of
calculating the temperature distribution of
the cable line upstream the pump for the
stock of production wells equipped with
ESPs (558 units) are shown in Fig. 2.

As shown in Fig. 2, most wells (397
units) operate in the optimal temperature
range with temperatures below 90°C.
Fifty-three wells are at risk of scaling. A
total of 108 wells are at risk of melting
the cable line upstream of the pump and
scaling.
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Fig. 2. Distribution of the well stock according to the calculated temperature of the cable line

upstream the pump
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Thus, 161 wells (29% of the stock
of production wells equipped with
ESPs) experience complications caused
by scaling or melting in the cable line
due to insufficient cooling of the ESP
motor and overheating. Early detection
of the wells working in a suboptimal
temperature mode will allow taking
preventive measures to prevent failures,
increase the MTBF, and improve
technical and economic performance

of the stock. The developed software,
working with the technological mode of
production wells of Samarneftegaz AO
and capable to be integrated into it, will
allow conducting tests to identify wells
operating in suboptimal temperature
mode.

It is also recommended to add to the
technological mode a column with the
cable temperature upstream the pump and
the gas content at the pump intake.
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