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Title
What is Dynamic Underbalance (DUB)?

• Dynamic Underbalance (DUB), a technique used in the completion of oil 
and gas wells, is driven by the differential pressures of natural occurring 
formation pressure against operator-controlled lower wellbore pressures. 

• Typically associated with Tubing Conveyed Perforating (TCP) due to its 
ability to create and clean long sections of perforating interval at one 
time, the technique employs vacuum chambers (0 psi) to create the 
wellbore pressure differential. 

• The perforating event, which uses explosive jet charges to create holes in 
the perforating gun body, holes in the wellbore casing, and perforation 
tunnels into the formation, allows higher pressure formation fluid to 
surge-clean the perforations into lower pressure evacuated guns (0 psi). 

• In most situations, some amount of DUB is created, which if not 
controlled can damage the formation due to excessive surging, 
potentially collapsing the perforation tunnel and thereby reducing 
hydrocarbon production. 

• For this reason, most DUB jobs are limited to high compressive strength 
formations which do not produce sand, and use Deep Penetrating (DP) 
type charges.

Ref: Fadzil et al, 2021

DUB is a timed event:
• First guns fire 

• Completed in µsec
• Next DUB occurs 

• Completed in msec through secs
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What is unique about this job?

In this case, client requested DUB in a low compressive strength formation with planned sand production.
• Compressive Strength (UCS) was not known, confirmed however known as “low”
• Expected sand production so Gravel Pack completion was to follow perforating
• First zone originally requested 500 psi DUB based on 19m perforation

• Final configuration was 300 psi DUB based on  7m perforations
• Three zones planned, commingled production, with gravel pack completion following.
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Modelling required

Once the Well Geometry and BHA are known, 
Torque & Drag Simulation is run to identify the forces at work.
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Modelling required

In this case, client requested DUB in a low compressive strength formation with planned sand production. As such, 

• Pre-job modelling using SPOT Analysis compared various gun systems based on API RP19B Section 1 performance test data 
against wellbore and formation parameters. 

• Based on results and client decision, 114mm (4.5”) OD gun using low-debris (zinc case) BH charges (22.7 gm RDX) in higher 
density gun design 39 spm (12 spf) was selected to perforate the well.

• Note: This was not the best performing based on SPOT modelling, but in the end was the client’s choice
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REF: API 19B Section 1 Test Data

• 114mm (4.5”) OD gun using low-debris (zinc case) BH charges (22.7 gm RDX) in higher density gun design 39 spm (12 spf).
• Test data presented here is analysed within SPOT against wellbore data to generate predicted inflow area.
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Modelling required

• Pre-job modelling using PulseFrac Analysis compared various Bottom Hole Assembly (BHA) configurations in order to estimate 
DUB effects after firing the perforating guns. 

• Various iterations were performed to properly configure the BHA to match requested DUB pressures.
• This determined the final gun configuration, spacing blanks above and below the loaded interval to create the necessary 0 psi

chambers.
• No special equipment was required: No surge chambers, etc. Simply loaded and blank guns as determined by PulseFrac model

Original design for 500 psi 
DUB:
• 5m blank gun above
• 19m loaded
• 5m blank gun below Final design for 300 psi DUB:

• 4.41m blank gun above
• 7m loaded
• 2m blank gun below
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Modelling Verification:

• Post-job  PulseFrac model compared actual event data from Fast Gages to determine how much DUB was actually created.
• Final Total Skin=1.0 (desired ≤ 1.0 to match undamaged formation)
• Actual DUB recorded was 796 psi- slightly higher than  planned but graphically still a close fit. 
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REF: Fast Gauge Data

Events (in minutes):
• Pressure up to shear pins to trigger Firing Head with 6-Minute 

Delay
• While Delay burns, bleed off pressure to establish proper 

Underbalance
• After UB established, wait a few minutes and then guns fire.
• Perforating event is recorded to be complete > 1 minute

Perforating/ DUB Event (in seconds)
• Total measured time: 15 sec 
• Pre-event: ~ 1 sec 
• Gun firing: < 1 sec
• DUB creation returning to zero: ~ 14 sec 

MENAPS-04-22 AUTHORS: Ahmed Abbas. Kerry Daly (Presenter)- EXPRO



TitleOffshore Malaysia Production Well Requires Unique Solution to Maximize Production using Minimal Dynamic Underbalance (DUB) for 
Clean-up in Low Compressive Strength Sand-Producing Formation via Shoot & Pull Tubing Conveyed Perforating (TCP). 

Analysis of Data

• Pre-job models were predicting a similar amount of DUB (500 – 1000psi). 
• 300 psi was recommended DUB, not maximum requirement.
• Note: DUB is a transient effect and formation collapse would be based on static 

(actual) underbalance.

Compare to:
• Fast Gauge pressure of 796 psi not empirically derived but calculated in the final 

‘Post-job’ model.
• Actual data is collected from few feet to hundreds of feet away. In this case- 11m
• Several assumptions made to get a match between the collected real data and the 

fast gauge in the model.
• This produces a modeled average wellbore pressure across the perf interval that 

corresponds with the empirical fast gauge pressure. 

11m

Post-job evaluation of production data:

• Graphic plots were not available at time of writing however client confirmed that ~ 6 months after completion:
• Production objectives were satisfied
• Production values met their pre-job estimates.
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Technical Contributions:

• Use of low DUB in a low compressive strength sand-producing formation is not typical- unique and innovative
• Use of Zinc charges created some challenges that required consideration:

1. Working against the DUB design:
• Zinc is known to extend the pulse of the perforating event- both in increased time and pressure, which can affect the 

DUB effects. 
• As such, pre-job PulseFrac modelling was used to compensate for the conditions and properly design the BHA.

With Zinc, Pressure is increased With Zinc, Temperature is increased

REF: Han, et al, 2010
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Technical Contributions (continued):

2. Working against the DUB design:
• Zinc charges in overbalanced conditions are commonly used as a Fluid Loss Control agent, which can line the perforation 

and limit the flow through it. 
• In the case of secondary Frac Pack operations, where applied surface pressure will be used to increase the tunnel length, 

then this is an acceptable application. 
• However, if Frac Pack will not be used and instead only Gravel Pack, then if the formation is not properly surge cleaned 

using DUB technique, the formation damage may reduce hydrocarbon production. 
• It is a sensitive procedure that required proper pre-job modelling to define correct equipment and procedures.

REF: Zuklic et al, 2016
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Conclusion:

• Dynamic Underbalance (DUB) is a viable completion technique which utilizes the differential between higher formation pressures and 
lower wellbore pressures. 

• If not controlled, DUB can damage the formation from excessive surging, potentially collapsing perforations and thereby reducing
production. 

• For this reason, most DUB jobs are limited to high compressive strength formations which do not produce sand, and use deep 
penetrating charges. In our case however, the client requested DUB in a low compressive strength formation with planned sand 
production. 

• As a result, Expro performed several types of modelling and evaluations to confirm that the equipment and DUB was appropriate to 
deliver a successful job with long-term production:

• Pre-job Torque 7 Drag, evaluating Wellbore Geometry to ensure BHA was able to withstand forces it would encounter. 
• Pre-job SPOT model compared various gun systems. Based on results, 114mm (4.5”) OD gun using zinc BH charges (22.7 gm RDX) 

at 39 spm (12 spf) was selected to perforate the well. This was not the best option presented but was chosen by client.
• Pre-job PulseFrac model compared various configurations to estimate DUB after gun firing. Iterations were performed to properly 

configure BHA to fit client’s DUB pressures. The BHA had 4.41m of blank, 7m of loaded, and 2m blank to generate 0 psi chambers 
for DUB.

• Post-job PulseFrac model compared to actual Fast Gage data to determined fit/accuracy of the model. 
• While Fast Gauge DUB was slightly higher (796 psi vvs 300psi), it still created a good fit to PulseFrac model and generated 

Skin=1
• Post-job evaluation of production data ensured that objectives were satisfied against pre-job estimates.

Modelling is key to our all of our DUB jobs. In this case, it provided confidence ensuring we had the proper equipment and procedures in 
place to successfully complete this project. Based on that, we minimized DUB to surge-clean the perforation while not damaging the low 
USC formation to maximize production for our client.

MENAPS-04-22 AUTHORS: Ahmed Abbas. Kerry Daly (Presenter)- EXPRO



TitleOffshore Malaysia Production Well Requires Unique Solution to Maximize Production using Minimal Dynamic Underbalance (DUB) for 
Clean-up in Low Compressive Strength Sand-Producing Formation via Shoot & Pull Tubing Conveyed Perforating (TCP). 

Acknowledgements:

Thank you to all for attending, the MENAPS Committee for selecting us, and Expro management for the opportunity to present 
this subject today

References:

1. Nurul Fadzil et al, “Maximizing Injection Performance Through Fit-for-Purpose Dynamic Underbalance Perforation Using 
Unconventional Gun System in Offshore Well, Sarawak, Malaysia. ” Paper presented at the IADC/SPE Asia Pacific Drilling 
Conference and Exhibition, virtual, 8 June, 2021. DOI: 10.2118/201061-MS

2. Han, C.. , Du, Michael H., and Bob Ference. "Effect of Shaped Charge Case Materials on Perforating Guns." Paper presented at 
the International Oil and Gas Conference and Exhibition in China, Beijing, China, June 2010. doi: 10.2118/130477-MS

3. Zuklic, S., Myers, B., & Satti, R. (2016, February 24). Field Application Study of Zinc Based, Low Debris Perforating Charges. 
Society of Petroleum Engineers. doi:10.2118/178934-MS

Thank You!
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