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Abstract— Sangasanga Field is one of 22 fields 

in PT. Pertamina EP with oil production target of 

5670 BOPD in 2019. The Field well work plan in 

2019 includes 32 wells workover and 77 Well 

Intervention which are expected to support the 

achievement of production targets in 2019. One of 

the Well Intervention jobs is fracturing which 

requires a tubing pressure test process. 

Sangasanga field plans fracturing on 6 wells from 

2019 to 2022, in the fracturing process there is a 

pre-fracturing process whose purpose is to 

determine the quality of the tubing, because of 

this, the importance of pressure testing. tubing in 

pre-fracturing work prompted Sangasanga Field to 

develop plug modifications to improve process 

efficiency. The modification involved Mandrel 

pump RW and cage top standing valve TH, 

supported by Jar and on-off to facilitate fishing 

process after pressure test. Sinker bars were also 

added for additional weight. The procedure starts 

with a surface pressure test using Mandrel and 

Cage top at 2000 psi, held for 30 minutes. Once 

successful, the tool is run with the tubing and 

placed in the tubing shoe. The pressure test is run 

at 6000 psi, held for 10 minutes with a maximum 

pressure drop of 3% every 20 tubing joints. After 

all tubing is tested, the modification plug is pulled 

out with a fishing tool involving an on-off, jar, and 

sinker bar. 

The plug was applied to 6 wells, NDR-1, NDR-2, 

NDR-3, NDR-4, NDR-5, and NDR-6. The results 

showed an average time reduction of 56% for pre-

fracturing: NDR-6 57% (18.95 hours), NDR-5 57% 

(19.55 hours), NDR-4 55% (10.85 hours), NDR-3 

56% (13.55 hours), NDR-2 58% (29 hours), and 

NDR-1 57% (18.8 hours). This success resulted in 

a cost reduction of approximately USD 70,476 & 

from 6 wells performing the tubing pressure test 

process. 

Keywords—Pre-fracturing, Modified Plug, 

Pressure test, Fishing, Rental Rig 

I. INTRODUCTION 

Sangasanga Field is one of 22 fields in PT. 

Pertamina EP which produces oil with a target of 5670 

BOPD in 2019. The Sangasanga field has 3 own rigs 

and 1 lease rig to support the achievement of oil 

production targets in 2019 with a target of 5670 BOPD. 

The Sangasanga Field Work Plan for 2019 includes 32 

Well Workovers, 77 Well Interventions and 120 Well 

Services. One of the jobs to support Well Intervention 

is tubing testing before cementing and fracturing. In 

the tubing test activity, there are activities that 

contribute a high loss time, namely circuit unplugging. 

This process is to unplug the circuit to open the plug. 

The tubing test aims. 

to determine which tubing to be used for cementing 

or fracturing. Whether it is in good condition or not and 

will not leak when high pressure is applied. The end of 

the tubing is plugged manually, then inserted into the 

well and given a pressure test with a pressure 

according to the design of cementing and fracturing 

and for 10 minutes. If the pressure drops, it indicates 

the tubing is leaking and if after being held for 10 

minutes, then the tubing is in good condition. The 

problem occurs because the time is not optimal for the 

work to remove the manual plug at the end of the 

tubing. The tubing that has been tested must be pulled 

back to remove the manual plug, the average time it 

takes to remove the tubing series is 14 hours. 

II. METHODS 

First The idea of plug modification arose when due 

to the problem of using manual plugs requiring POOH 

and RIH time again after conducting a tubing pressure 

test, PT Pertamina EP Sangasanga field found a 

solution, namely by modifying the plug consisting of: 
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1. Plug modification core equipment according 

to API 11AX standard. 

a. Mandrel RW Pump 

 
Figure 1.1 Mandrel RW Pump 

b. Cage Top TH Pump 

 
Figure 1.2 Cage Top TH Pump 

2. Aditional Equipment (fishing tools) in 

accordance with API 11B 

a. On and Off 

 

Figure 1.3 On-Off Tools 

b. Spang Jar Type 

 

Figure 1.4 Jar Type spang 

c. Sinker Bar 

http://www.jmest.org/
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Figure 1.5 Sinker Bar 10 feet 

The working method of this plug modification is that 

the fabricated Mandrel RW pump and Cage top TH 

pump will be pressure tested on the surface with 2,000 

psi on a 30-minute hold. 

 

Figure 1.6 Pressure test modifikasi plug di surface 

After the results are no leakage and declared 

good, the plug modification is ready to run along with 

the tubing where the plug modification will be in the 

tubing and sit on the tubing shoe, then after the tubing 

is run, a pressure test of 6,000 psi per 20 joints will be 

carried out to the depth that has been 

determined.determined with a pressure drop tolerance 

not exceeding 3% of the injected pressure. After the 

pressure test is carried out and the results are good, 

the plug modification will be fished using additional 

tools (on-off, jar, sinker bar) connected to the 

sandline, the sandline will be run to the top of the plug 

where the jar and sinker bar will provide weight and 

impact to the on-off so that it can latch with the plug 

modification, after the on-off with the plug modification 

latches, the plug modification is ready to be pulled to 

the surface. 

 

Figure 1. 7 Flowchart 

III. CALCULATIONS AND DESIGN 

 Determine the thread strength of the mandrel and 

cage top standing valve Metric Size M 56. 

- Depth Thread (Le) 

 = 20 mm 

- Material strength of (𝑟) 

= 655 MPa (Alloy Steel) 

http://www.jmest.org/
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- Pitch diameter (d0) 

= 5.50 mm
2
 (from table 1. metric ISO 724 on 

attachment) 

- Tensile stress area (At) 

= 
π

4
× (dO2) 

= 
3.14

4
× (5.52) 

= 23.74 mm
2 

- Shear area (Ath) 

= 0.5 𝑥 𝜋 𝑥 𝑑0 𝑥 𝐿𝑒 

= 0.5 x 3.14 x 5.50 x 20 

= 172.7 mm
2 

- Shear strength (𝐹) 

= 𝑟 𝑥 𝐴𝑡ℎ 

= (655 x 172.7)/1000 

= 113.1185 kN 

- Tensile stress (𝜎) 

= 
F

At
 

= 
113.185

23.74
 

= 4.7636 kN/mm
2 

= 690,901.7 lbf/inch
2 
 

= 690,901.7 lbf/inch
2 
x 0.0368 inch

2 
(konversi 23.74 

mm
2 
to inch

2
) 

= 25,425.18 lbf 

 The steps in determining the design of supporting 

equipment for pulling out the plug modification are 

as follows: 

1. Weight given for on and off to latch for the 

weight required by on off type T-110HD with 

Alloy steel (4140) and size 2.15" then in order 

to latch it requires a load of 8480.3 lbs. (Don - 

Nun Catalogue) 

2. Determining the weight produced by the Fishing 

Jar 

3. The weight that can be produced from a spang 

type fishing jar with a diameter of 1.6" can 

provide a maximum of 9,000 lbs (Oil Services 

LTD). 

4. Determining the resulting weight of the Sinker 

Bar 

 

L =
Fext

Wrf
 

DESCRIPTION: 

L   = require sinker bar  section length, ft 

Fext  = External force of compressive, lb 

Wrf  = bouyant weight of the selected sinker bar, 

lb/ft  

 

Calculations: 

Wrf  = (40 x 2.2) / 10 

Wrf  = 8.8 x 0.8 

Wrf  = 7.04 

Fext  = L x Wr 

Fext  = 10 ft x 7.04 lbf/ft 

Fext  = 70.4 lb 

 

5. The total compressive strength of the fishing 

tool given to the on-off was: 

= Maximum compressive strength jar + Fext 

= 9,000 lbf + 70.4 lbf 

= 9,070.4 lbf 

Based on the fishing tools we use, namely the 

sinker bar and spang type jar, the sinker bar can 

provide a weight of 70.4 lbs during the plug 

modification removal process and the spang type jar is 

9,000 lbs, so the resulting weight is 9,070.4 lbs and 

from the on off tool used, it is known that the weight 

required for the on-off tool to latch with the plug 

modification requires weight, so the weight generated 

by the sinker bar and fishing jar is enough to make the 

on-off latch with the plug modification. From the above 

calculations, it can also be confirmed that the strength 

of the thread mandrel with cage top standing valve can 

withstand loads up to 25,425.18 lbf and this value is 

very sufficient to withstand the load of the fishing tool 

which is only 9,070.4 lbf. 

 Design 

The equipment for plug modification consists of : 

1. Plug equipment in accordance with API 11AX 

standard: 

 Mandrel RW pump and Cage top TH pump are 

the main components of the modified plug where 

this plug withstands pressure up to 6,000 psi 

from the experimental results that have been 

http://www.jmest.org/


Journal of Multidisciplinary Engineering Science and Technology (JMEST) 

ISSN: 2458-9403 

Vol. 10 Issue 11, November - 2023  

www.jmest.org 

JMESTN42354292 16464 

carried out. The following is a sketch (Figure 8) 

and 3D (Figure 9) of the Mandrel RW pump and 

Cage top TH pump. 

 

Figure 1. 8 Mandrel RW & Cage Top TH Sketch & 

3D 

2. Supporting equipment (fishing tools) according to 

API 11B and VT5 standards 

 On and off 

Is a supporting equipment that functions to 

unplug/release the plug modification from the 

well when the pressure test process has been 

completed. The following is a sketch and 3D 

of the On-off tool. 

 
Figure 1. 9 On-Off Tools Sketch & 3D 

 Fishing Jar 

it is a supporting tool for the plug 

removal/release process from the well which 

functions as a pounder so that the on and off 

can latch with the plug modification. The 

following is a sketch and 3D (Figure 10) of the 

Jar. 

 
Figure 1. 10 Jar Sketch & 3D 

 Sinker Bar 

Is the top circuit of the plug modification additional 

equipment which functions as a weight on the jar so 

that it can latch perfectly with the plug during the plug 

modification removal process. The following is a 

sketch and 3D (Figure 11) of the Sinker Bar. 

 
Figure 1. 11 Sinker Bar Sketch & 3D 

IV. APPLICATION AND EVALUATION 

Modified plugs have been implemented in several 
wells since 2019 to date. The following are some of the 

http://www.jmest.org/
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wells that have been installed with plug modifications 

carried out in the pre-fracturing work, namely: 

 

Table 2. Well Data Using Modified Plug 

KNOWN TO: 

Table 3. Field Data For Pre-Fracturing Tubing 

Test 

Data Value Unit 

Connection time / joint 4.5 Minutes 

fill up and pressure 30 Minutes 

Tubing 133 Joint 

Repetition fill up and 

Pressure test 

7 times 

Modified Plug fishing times 1 Hour 

Plug Conventional (NDR-6) 

1.TIME RIH 133 TBG + FILL UP AND PRESSURE TEST 

 

= (connection time per joint x number of 

joints) + (fill up and pressure test 20 tbg x 

Repetition of fill up and pressure test) 

= (4.5 x 133) + (30 x 7) 

= (598.5) + (210) 

= 808.5 minutes 

= 13.475 hours 

 

2.POOH 133 TBG 

= connection time per joint x number of joins 

= 4.5 x 133 

= 598.5 minutes 

= 9.975 hours 

 

3.RIH 133 TBG 

= connection time per joint x number of joins 

= 4.5 x 133 

= 598.5 minutes 

= 9.975 hours 

The time it takes for RIH to return when it has done 

a manual plug release is 9.975 hours. So, from the 

above calculations, it can be calculated that the length 

of time for a pressure test using a conventional plug is: 

= (Time RIH 133 tbg + Fill up and pressure test) + 

(POOH 133 tbg) + (RIH 133 tbg) 

= (13.375 hours) + (9.975 hours) + (9.975 hours) 

= 33.325 hours 

Total time needed to complete the pressure test 

using a conventional plug with 133 tubing, it takes 

33.325 hours. 

- MODIFIED PLUG (NDR-6) 

1. Time RIH 133 tbg + Fill up and pressure test 

= (connection time per joint x number of joints) 

+ (fill up and pressure test 20 tbg x 

Repetition of fill up and pressure test) 

= (4.5 x 133) + (30 x 7) 

= (598.5) + (210) 

= 808.5 minutes 

= 13.475 hours 

2. (TOTAL TIME RIH 133 TBG + FILL UP AND 

PRESSURE TEST) + FISHING 

= 13.475 + 1 

= 14.475 Hours 

The RIH time of 133 tbg with fill up and pressure 

test is 13.475 hours plus the fishing time of plug 

modification which is 1 hour. So for pressure test 133 

tubing with a modified plug is 14.475 hours, there is 

no POOH and RIH time again because the tubing and 

plug are not in one series. 

The time required between conventional plug and 

modified plug can be seen in table 3 and also figure 

1.12 on attachment. 

In activities that test tubing pressure conventioanal 

this process is less than optimal because it spends a 

lot of time when pulling out and entering the tubing 

circuit. The problem when using this conventioan plug 

can be overcome by modifying the plug with a Mandrel 

and Cage Close which functions as a plug where this 

Date RIG Well 

13-Aug-19 RIG KR250-2 NDR-1 

13-Aug-19 RIG KR250-2 NDR-2 

16-Dec-20 RIG SS-02 NDR-3 

20-Feb-21 RIG SS-01 NDR-4 

21-May-21 RIG SS-01 NDR-5 

28-Jun-22 RIG SS-02 NDR-6 

http://www.jmest.org/
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plug can be pulled out with the help of additional tools, 

namely on & off combined with a jar and also a singker 

bar. Proven from the experiments that have been 

carried out in 6 wells. In the NDR-6 pre-fracturing 

process, the time efficiency results were obtained for 

14,475 hours. So that rig rental costs can be reduced 

because the time required to unplug and enter the 

circuit which takes 18.95 hours (0.79 days) can be 

eliminated. 

The following is the calculation of the economics of 

well NDR-6: 

1. Rig rental price 

= Difference in conventional time x Rig rental price 

per day 

= 0.79 x $5,600 

= $4,424 

2. Cost of oil loss 

= Difference in conventional time x Production 

opportunity x oil price based on ICP 

= 0.79 x 64 x 86.07 

= $4,352 

3. Solar Cost 

= Difference in conventional time x Amount of 

diesel per day x diesel price (IDR) x convert currency 

(USD/IDR). 

= 0.79 x 240 x 11,500 x 15,000 

= $145 

4. Total saving cost 

= Rig rental cost + Oil loss cost + Solar cost 

= $4,424 + $4,352 + $145 

= $8,921 

By saving rig rental costs of $4,424 so that the time 

for the well to produce can be faster so that it can 

reduce oil loss $4,352 and also reduce the use of 

diesel fuel by $145 so that the total that can be saved 

is $8,921 and the quality of the tubing connection will 

be the same as the quality of the tubing connection 

both before and after the tubing pressure test because 

there is no work to pull out and enter the tubing circuit 

and can reduce the potential for accidents such as 

pinching and so on during the activities of pulling out 

and entering the tubing circuit. The following table 

shows the economics in Table 4 and Figure 1.13 on 

attachment of the six wells where the plug modification 

was installed. 

V. CONCLUSION 

 The Pressure test tubing process is important to 

determine the quality of the tubing. 

 The components of the plug modification are the 

Mandrel RW Pump and Cage Top TH Pump. 

 Supporting components are on-off, jar and sinker 

bar. 

 The force required to remove the modification is 

8,480.2 lbf, based on the calculation of the thread 

strength of the mandrel & cage top pump which is 

25,425.18 lbf, and the calculation of the total 

compressive strength of the fishing tool for on-off is 

9,070.4 lbf so that the on-off tool can be released 

due to the weight of the fishing tools meet and 

fishing tools will not fail because the thread 

strength meets the total load requirements. 

 From the experimental results, the percentage of 

pressure test time reduction is 56% on average. 

 

 Of the 6 wells that have used plug modifications, 

the total cost that can be saved is USD 70,476 
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Attachment 

 

Table 1 Basic Dimension ISO 724 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4 Time Reduction for Two Plug Methods 
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Figure 1.12 Time Comparision Between Plug 
Methods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Economics Evaluation Of Modified Plug 
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Figure 1.13 Saving Cost With Modified Plug 
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