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Abstract
Unlike other artificial lift systems, Electric Submersible Pumps, (ESPs) are inflexible as a
specific pump has a unique restricted Recommended Operating Range, (ROR).

Most deviations from (ROR) is due to availability considerations and/or design inaccuracies.
When such situation is faced, there are three possible solutions (a): Pump redesign or (b):
Operating the unit at a different frequency using a Variable Speed Drive (VSD), however in
case of oversized pumps, using a well head choke is a simple common used solution on site.
The surface choke forces the unit to operate at its ROR by restricting the flow rate. However,
such solution causes high hydraulic loss across chokes leading to remarkable waste of energy
which inters affects the economy of the production system.

The paper manifests the influence of controlling the flow rate of an over sized pump (40 stages
extra) using surface choke on the power loss by calculating the excessive head generated the
pump which was 1159 ft and the consequent upstream pressure was 695 psi and the pressure
wasted across the choke was 445 psi to make the pump produce 2000 STB/d with a well head
pressure of 250 Psi. Furthermore, it introduces an alternative better solution lies in using VSD
and obtaining 42.38 Hz as the required frequency at which the pump should be operated to
meet the desired conditions (flow rate (q) & well head pressure Pwh).

Keywords: Wellhead choke, system analysis, efficiency, optimization, total dynamic head,
Variable Speed drive, nodal analysis and electrical submersible pumping.
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1. Introduction

Setting up a lift system with a fluid producing capacity matches the well productivity it is
installed in is the aim of any artificial lift design. It is crucial for a production design engineer
to know the probable liquid rate in order to implement the mechanical design of the lifting
equipment. In other words, the designer needs a precise estimate on the production rate
attainable from the given well to avoid design inaccuracies. A mismatch of the designed and
actually produced liquid volumes is a common result of improperly assumed well rates. [1]

Improper estimation of possible well rates leads to discrepancies between design and actual
well rates and assuming improper design procedures are resulted. The consequences of over -,
or under-sized artificial lift systems can lead to the following:

When over-sized, well productivity is over estimated, the operational efficiency of the unit
cannot reach the designed levels; mechanical damage may also occur due to down-thrust (for
floater impeller pump). [2]

However, In case it is under-rated, the well’s productivity is under estimated, production loss
is resulted and consequently less profit and mechanical damage may occur due to up-thrust.

In the industry, it is very often happens for artificial lift installations to be over-, and under-
designed, and professionals know how to deal with such situations. Unlike some lifting
methods such as gas lift or beam pumps where it is relatively easy to adjusted their lifting
capacity in quite broad ranges after installation, ESP installations, do not tolerate design
inaccuracies due to the fact that any given ESP pump has its unique restricted Recommended
Operating Range, (ROR). If used outside its ROR, the hydraulic efficiency of the pump rapidly
deteriorates; efficiencies can go down to almost zero. [1]

Operating ESPs under such conditions not only leads to loss of energy and the consequent
decrease in profitability but also they soon develop mechanical problems that can lead to a
complete system failure. Off down hole situations is the usual outcome and a workover job is
required to run a newly designed ESP system with the proper lifting capacity that matches the
design rate and well productivity. [3]
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The paper demonstrates the detrimental effects of surface chokes on the power efficiency of
ESP systems and introduces a better alternative solution lies in the application of VSD. The
analysis is provided for wells producing negligible amounts of free gas and is based on the
application of NODAL analysis principles to describe the operation of the ESP system. [4]

CASE STUDY:

Well (C-88-65) is an oil well in Sarir field operates with ESP. according to our design results
the required rate of (2000 STB/d) can be obtained using only 110 Stgs, However, the company
installed a pump with 150 Stgs, that is might be due to availability considerations.
Consequently, it is required to adjust the Choke in order to keep the production rate in the
expected work over results.
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Figure- 1: sarir Field Location map

2. Review Current system design

According to the company design results only 110 stages of SN-2600 pump are required to
produce the required rate of 2000 STB/d (3292 b/d). However, and due to availability
considerations, an oversized pump with 150 stages (88 + 62) housing of SN-2600 is installed
and a surface chock is used to control the pump rate at the workover result.

3. Methodology

The analysis requires reviewing the current system by implementing an ESP design to find out
how many stages are required to meet the design rate. Having done that, the excessive head
that the current unit generates can be obtained which in terns is used to fine the power wasted
across the choke. Once the excessive head is obtained the Affinity laws can be applied to obtain
the required frequency at which the pump with 150 stages should be operated to produce 2000
STB/d (3292 b/d) without using surface choke, and avoid the consequent power loss.
Methodology involves: 1) ESP design depending on the desired requirement, 2) Choke back
the current unit, and 3) Applying the Affinity laws to obtain the required frequency for the
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current pump to be operated at to produce the desired rate with no choking back. Finally, a
quick Look analysis on the pump performance at calculated frequency using Prosper Software
is implemented. Following are the used flow chart and data:

Pump Quick
Wellhead pressure Look
h
{pwh) —> Efficiency ~
v
Average Net o Jotal - P VSD Application
i Design bottom 5 — ynamic ump
fluid vertical > = > HP/st,
gradient ~ hole flowing 1 |ife (NVL) head selection g ~
(frg) pressure (pwfd) (TDH)

v

e Head/Stage > Nu::ge; pee N Ex:‘zsé‘ive
friction
Chock
adjustment
Figure- 2: Methodology flow chart
Table - 1: Well, reservoir, fluid and production data
Parameter value
Field Sarir
well C-88-65
Operating frequency, Hz 50
Well data
Datum, (ft) 8639
Casing (ID), in 6.366
Tubing (ID), in 2.992
Current Pump (ESP) SN-2600
Actual no. of stages 150 housing (88+62), (choked back)
Production and Reservoir data
Total desired fluid rate, STB/d 2000
Total fluid rate at Pump intak, b/d 2392
Well head pressure, psi 250
Oil formation volume factor, bbl/stb 1.3
Water formation volume factor, bbl/stb 1.04
Static reservoir pressure, (psi) 2700
Saturation pressure, (psi) 535
Pump sitting depth, ft 5000
Pl, (stb/d/psi) 6
Water cut, (%) 40
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Water specific gravity 1.1085
Oil APL (°) 60
Gas liquid ratio (R), cf/bbl 200
4. Results

a) ESP design:

Fluid gradient calculation (fgr)
fgr = ((wo + yw)+ (Oc * yo)) «0.433 = 0.8868 * 0.433 = 0.384 psi/ft
PWEF at design flow rate:

PWFd = Pr— % = 2700 — (@) = 2366.7 psi

Net vertical lift (NVL):

Pwfd 23
NVL = Datum - (—) = 8639 —( ) = 2475.7 Ft
Fgr

0.384
Calculation of total pressure drop due to friction (TApf):

Ap friction (chart)ft 18.48
TApf = 1000 (F0) xpsd (ft) = (W) * 5000 = 92.4 Ft

Friction Loss, Ft1000 Ft of Tubing

| e ~Aa Table 2C- Eriction Loss in AP L Tubulacs)

Figure- 3: Friction loss in the tubing chart. [4]

Well head pressure (pwh) (ft)

Pwh (ft) = (%) _ (%) — 651 ft

Total dynamic head (TDH):
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TDH = (NVL + Apf + Pwh) (ft)
= 2475.7 + 92.4 + 651
= 3219 ft
= Pump selection:

SN-2600 is selected as it would fit inside the casing and produce the required rate at (ROR).
Qo = Qt *x (1-wc) * Bo

= 2000 * (1- 0.4) * 1.300
= 1560 bbl/day
Qw = Qt *wc * Bw
= 2000 * 0.4 *1.040

— 832 bbl
- day

Qt = Qo + Qw
= 1560 + 832
Qt = 2392 bbl/day

= At Qtof (2392 b/d), (380 m3/d), and using Pump Performance curve PPC we obtain the

following:
REDA ESP systems
Pump Performance Curve SN2600 50 Hz, 2,917 rpm
Curve computed for one stage in fluid of 1.00 sg
Optimum operating range 212-424 m¥/d Shaft brake-power limit Standard 213hp
Nominal housing diameter 13.67 em High strength 342 hp
Shaft diameter2.22 cm Housing burst-pressure limit Standard Not applicable
Shaft cross-sectional area 3.88cm? Buttress 41,370 kPa Power  Efficiency
Min. casing size 17.78¢m Welded 41,370 kPa {hp) %)
1500 \ e —— Je0
1250 |1 = HH 250 - 50
10.00 =] - H 2.00 40
Head I
{m) £ 11 1
750 | TP A T 1.50 430
500 [ RN H e »
250 : \\\ H 0.50 10
oA R I 0 JEEASa=] ) I x 0 1o
0 50 100 150 200 250 300 350 400 450 500 550
Capacity, m¥/d
Figure- 4: Pump performance carve SN-2600 50HZ. [5]
Head m HP ..
= 8.899 = 0.79 hp Efficincy = 66%
Stage stage stage
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head
(ft) =8.899 = 3.28
stage
=29.19 ft
= Required No.of stages:
; | (TDH) | _ (3219) _ 110t
no.of stage = =\3919) = stage

( head )
stage
The required rate of 2392 bbl/d (380 m3/d) can be obtained using only 110 Stgs. However, to

produce the same rate using 150 stages, one of the following scenarios should be applied,;
surface choke or VSD.

b) Choke adjustment

According to the design results, to produce 2392 b/d (380 m3/d) at 50 Hz, 110 stages are
required but with 150 stage the rate would be 440 m3/d, which is out of the ROR. And to
make the pump produce at its ROR, we must adjust the chock following this procedure:

. 29.19
At 50 Hz, one stage of SN2600 would give 29.19 ft/stage = S5 8.899 m/stage to produce
380 m3/d.
REDA ESP systems
Pump Performance Curve SN2600 50 Hz, 2,917 rpm
Curve computed for one stage in fluid of 1.00 sg

Optimum operating range 212-424 m*Ad Shaft brake-power limit Standard 213hp

Nominal housing diameter 13.67 em High strength 342 hp

Shaft diamater2.22 cm Housing burst-pressure limit Standard Not applicable

Shaft eross-sec tionalares  3.88 cm? Buttress 41,370 kPa Power  Efficiency

Min. casing size 17.78cm Welded 41,370 kPa {hp) (%)

15.00 [ I 5 I B o Y S
1P e = 15—« N 250 {50

L[ J 5 - I A 5 5 5 O I =

17171 2.00 _{ 40
Head | |
m 8898 ¥ I I
" S 2 S ] 150 430
5.00 7 I Y O O 0 5 ) 5 5 o 5 [ 2 1.00 J20
250 - e T T T e e e e - [ 050 410
0 i i 0 Jo
0 50 100 150 200 250 300 550

Capacity, m¥/d

Figure - 5: Head corresponding 380 m3/d.
So, 150 stages would generate ahead of 150 * 8.899 = 1335 m
= 1335 % 3.28 = 4378 ft, head generated with 150 stage

The excessive head generated equals:
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4378 ft — 3219 ft = 1159 ft
1159 ft = 0.384 ft/psi = 445 psi

e This excessive head must be wasted at chock restriction.

e So the chock must be adjusted to maintain upstream pressure of 695 psi and
downstream (whp) of 250 psi.

Then according to Gilbert equation, choke size is:

0.546 0.546
Htp=435*q*R _)51_89=435*q*R

51.89 Htp

Where,

Htp = tubing head pressure, psi
R = Gas liquid ratio, M cf/bbl

Q = flow rate, bbl/d

S = choke size, in (part of 64). [6]

189 435 * 2392 * 0.20-546 G = 30" (30)
' = - = - | —
695 64

c) Application of VSD to control pump flow:

To obtain the frequency at which the motor should operate to produce 380 ft3/d using 150
stages, the following procedure is followed:

1) find excessive head, due to using 150 stgs, in (m):
excissive head = TDH with 150 stage — (Actual calculated TDH)
excissive head = 4378 — 3219 = 1159 ft

9

2) Find (head/stage) corresponding to the excessive head:

head excissive head 353.35
= = = 2.355m
stage no. stage 150

3) Find the (head/stg) that gives 380 m3/d using 150 stgs:
8.899 — 2.355 = 6.544 m

excissive head =

4) Using the Affinity laws, the frequency corresponding to (6.544 m) can be obtained as
follows: [7]
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head at (Hz) = head at (50) * (5—;) .

2

6.544 = 8.899 (HZ)
. = O. * | —
50

Hz = 42.87 hz
So, by adjusting motor frequency at 42.87 Hz, 150 stages would produce 380 m3/d.

REDA ESP systems
Pump Performance Curve SN2600 50 Hz, 2,917 rpm
Curve computed for one stage in fluid of 1.00 sg

Optimum operating range 212-424 m*Ad Shaft brake-power limit Standard 213hp
Nominal housing diameter 13.67 em High strength 342 hp
Shaft diameter2.22 cm Housing burst-pressure limit Standard Not applicable
Shaft cross-sectional area 388cm? Buttress 41,370 kPa Power  Efficiency
Min. casing size 17.78¢em Welded 41,370 kPa {hp) %)
R NN e -
[ 1 B e 0 1 B P CEEEEEEREE
15.00 I o ! ; I 3.00 860
- Operating range ——|— TINCT T Y
1250 |7 i T 250 450
10.00::: ‘ ! i 2.00 440
Head 5 oo jemrms == SEE
T R 1.50 430
6.544 |ttt = N
5.00 |11 ‘7‘, [ 1 {100 J20
I O a \ =
/ Power [
250 [ 17 ‘ — I N[ 050 410
o 1 B i ‘:;k:':
o1 I N 1 1 TNl 0 Jdo
0 50 100 150 200 250 300 350 380 400 450 500 550
Capacity, m¥/d
Figure- 6: fequency reduction procedure
=  Pump performance and quick look analysis using prosper software
| REDA - SN2600 - 150 STAGE(S) (C-88-65 22/03/2021 - 23:33:13) |
12780.1) sraling range
st E:Iicienw Line (67.8821)
B4761) . :
Max. operating fange

6365.07,

q (feet

3182.54|

0]

0 1186.94 227388 341082 454775

| Operaling rate (RB/day) |

Figure- 7:Pump performances curve showing operating point at 42.15HZ.
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[ Temperature (deg F) (C-88-65 22/03/2021 - 23:35:04) |

155,801 1731 190.4 2077 225
e i 3 ESP QuickLook Input Data
WellHead Pressure 250.00 (psig)
Liquid Rate 2000.0 (STB/day)
Water Cut 40.000 (percent 1)
Frequency 4215 (Hertz)
Gas Separator Efficiency 0 (percent)
atio 0 (scSTB)
sure 2700.00 (psig)
Pump Depth (Measured) 5000.0 (feet)
Nusbes Of 150

59. 75

ESP QuickLook Pump Results

Pump Power Required 58.18 (hp)
Motor Power Required 68.63 (hp)
0.84767 (fraction)
1002.02 (Volts)
1051.70 (psig)
2083.79 (psig)

319.5
A Depth (fefet)

Pump Discharg

ESP QuicklLook Surface Data

Current (amps)
Surface Voltage (Volts)
Power (hp)

. ¢ From Static BHP
250.026 779.1886 1308.35 1837.51 2366.67 | 4

[ Pressure (psig) 1| + Temperature

Figure- 8:Pump quick look analysis applying VSD

5. Conclusion

To produce the required rate of 380 m3/d using SN-2600 only 110 Stgs are required.
However, the company installed SN-2600 with 150 Stgs which would be producing out of the
(ROR); 430 m3/d. To control well flow at the required rate, and according to the company
design sheet, the chock needs to be adjusted at (30/64) to main tain an upstream pressure of
695 psi which interns maintain a downstream pressure (Pwh) of 250 psi.

According to Prosper software results operating the pump at (42.15) Hz, (which is very close
to 42.87 obtained from hand calculations), by applying VSD would make the pump produce
at the required conditions with out choking back the pump which is considered a better
solution in terms of power saving, protect well flow equipment from being subjected to high
pressure and longer pump run life.
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