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Barracuda Applications in Oil and Gas Industry

From fracking to biomass conversions, many 

processes possess similar traits and objectives
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CAUTIONARY NOTE

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate legal entities. In this presentation “Shell”, “Shell group” and “Royal Dutch Shell” are sometimes 

used for convenience where references are made to Royal Dutch Shell plc and its subsidiaries in general. Likewise, the words “we”, “us” and “our” are also used to refer to Royal Dutch Shell plc 

and subsidiaries in general or to those who work for them. These terms are also used where no useful purpose is served by identifying the particular entity or entities. ‘‘Subsidiaries’’, “Shell 

subsidiaries” and “Shell companies” as used in this presentation refer to entities over which Royal Dutch Shell plc either directly or indirectly has control. Entities and unincorporated arrangements 

over which Shell has joint control are generally referred to as “joint ventures” and “joint operations”, respectively. Entities over which Shell has significant influence but neither control nor joint 

control are referred to as “associates”. The term “Shell interest” is used for convenience to indicate the direct and/or indirect ownership interest held by Shell in an entity or unincorporated joint 

arrangement, after exclusion of all third-party interest. 

This presentation contains forward-looking statements (within the meaning of the U.S. Private Securities Litigation Reform Act of 1995) concerning the financial condition, results of operations and 

businesses of Royal Dutch Shell. All statements other than statements of historical fact are, or may be deemed to be, forward-looking statements. Forward-looking statements are statements of 

future expectations that are based on management’s current expectations and assumptions and involve known and unknown risks and uncertainties that could cause actual results, performance or 

events to differ materially from those expressed or implied in these statements. Forward-looking statements include, among other things, statements concerning the potential exposure of Royal 

Dutch Shell to market risks and statements expressing management’s expectations, beliefs, estimates, forecasts, projections and assumptions. These forward-looking statements are identified by 

their use of terms and phrases such as “aim”, “ambition’, ‘‘anticipate’’, ‘‘believe’’, ‘‘could’’, ‘‘estimate’’, ‘‘expect’’, ‘‘goals’’, ‘‘intend’’, ‘‘may’’, ‘‘objectives’’, ‘‘outlook’’, ‘‘plan’’, ‘‘probably’’, ‘‘project’’, 

‘‘risks’’, “schedule”, ‘‘seek’’, ‘‘should’’, ‘‘target’’, ‘‘will’’ and similar terms and phrases. There are a number of factors that could affect the future operations of Royal Dutch Shell and could cause 

those results to differ materially from those expressed in the forward-looking statements included in this [report], including (without limitation): (a) price fluctuations in crude oil and natural gas; (b) 

changes in demand for Shell’s products; (c) currency fluctuations; (d) drilling and production results; (e) reserves estimates; (f) loss of market share and industry competition; (g) environmental and 

physical risks; (h) risks associated with the identification of suitable potential acquisition properties and targets, and successful negotiation and completion of such transactions; (i) the risk of doing 

business in developing countries and countries subject to international sanctions; (j) legislative, fiscal and regulatory developments including regulatory measures addressing climate change; (k) 

economic and financial market conditions in various countries and regions; (l) political risks, including the risks of expropriation and renegotiation of the terms of contracts with governmental 

entities, delays or advancements in the approval of projects and delays in the reimbursement for shared costs; and (m) changes in trading conditions. No assurance is provided that future dividend 

payments will match or exceed previous dividend payments. All forward-looking statements contained in this [report] are expressly qualified in their entirety by the cautionary statements contained 

or referred to in this section. Readers should not place undue reliance on forward-looking statements. Additional risk factors that may affect future results are contained in Royal Dutch Shell’s 20-F 

for the year ended December 31, 2018 (available at www.shell.com/investor and www.sec.gov ). These risk factors also expressly qualify all forward looking statements contained in this 

presentation and should be considered by the reader. Each forward-looking statement speaks only as of the date of this presentation, May 30, 2019. Neither Royal Dutch Shell plc nor any of its 

subsidiaries undertake any obligation to publicly update or revise any forward-looking statement as a result of new information, future events or other information. In light of these risks, results 

could differ materially from those stated, implied or inferred from the forward-looking statements contained in this presentation.

We may have used certain terms, such as resources, in this presentation that United States Securities and Exchange Commission (SEC) strictly prohibits us from including in our filings with the 

SEC. U.S. Investors are urged to consider closely the disclosure in our Form 20-F, File No 1-32575, available on the SEC website www.sec.gov.
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INTRODUCTIONS

 Energy industry is going through unforeseen challenges and needs 

infusion of new technologies that goes beyond conventional thinking 

and technologies.

 Particle-laden flows in energy industry can be large in scale and 

commercial-scale predictions are necessary for successful 

applications.

 Conventional CFD methods are proven difficult to achieve the goals.

 Two novel applications for Barracuda will be discussed:

 Oil sand transport and erosion – solid settling and re-entrainment in viscous 

liquid flows is a first for MP-PIC model

 Hydraulic fracturing in unconventional reservoirs – high concentration sand 

pumping into large reservoir fractures represents a challenge for other 

approaches
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Dense slurry transport has always been 

difficult to do with erosion effects. MP-PIC 

approach provides a unique capability not 

found in Eulerian-Granular models

Oil sand transport and erosion
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Introductions

Oil sand business were a big part of Shell’s oil production before 2016, 

but has been sold entirely and no longer in Shell’s portfolio.

High content of sand solids present a unique challenge for operations and 

modeling.

Erosion and sand entrainment are the main concerns.

No good models available for both erosion and high concentration slurry 

transport.

Eulerian Granular model lacks good erosion model and particle size 

distribution is difficult and expensive to have. 

DEM model can do the work but the cost is high and impractical.

Barracuda provides a unique combination of speed and capability 

unparalleled by other approaches.

Solid/liquid interactions need better interpretation.
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Model fit 

By tweaking the particle normal stress model, excellent data fit 

were found using Ps=40 and β=1 as shown.

However, with mixture velocity reduced by half to 0.83 m/s, no 

sand bed formation was found - in contradiction to SRC 

PipeFlow’s prediction of a critical deposition of 1.28 m/s

SA3 SA1

Steady-state sand concentration profiles Steady state sand concentration 

contours 
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SRC Pipeflow Engineering Model Validations

Pressure gradient variation obtained from 

SRC

Uc=1.42m/s

Fast flow 

regime

Slow flow 

regime

Phenomenon:

When U>Uc, dp/dx increases as 

pipeline velocity increases;

When U<Uc, dp/dx increases as 

pipeline velocity decreases; 
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Minimal Solid Entrainment Velocity – LES/DEM

Modeling of particle entrainment – LES/DEM

~20 MM cells + 20 MM particles + DNS drag laws…
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SAND CONCENTRATION PROFILE VALIDATION

 Pipe ID: 7.625”

 Experiment setup – loop

 Model setup – straight pipe 

Experimental setup

Simulation setup

PSD
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RESULTS – SOLID CONCENTRATION VS. EROSION 

RATE

 The effect of solid concentration on erosion is shown here.

 Solid volume concentration ranges from 10 to 40%

 A near linear trend is observed from 25% to 40%, and the overall trend is also close to linear in accordance with 

published work

 The calibration point is at 4.64 m/s, 30% solid concentration with 200 μm particles

 The figures on the top right shows the profiles of solid concentration, velocity and water velocity along the pipe vertical 

centerline
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CONCLUSIONS

 High concentration slurry flow requires combination of speed and 

accurate solid collision model to satisfy experimental data.

 Solid pressure terms need modification to predict solid concentration 

profiles in experiments.

 Scale-up results can be excellently matched.

 Erosion predictions are satisfactory as well in Barracuda v14.

 New version of Barracuda failed to get correct trend in high solid 

concentration and velocity.

 New model developed for Eulerian-Granular erosion rate implemented 

in Fluent to compensate the need based on Barracuda v14 

predictions.
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Unconventional reservoir requires new capabilities to predict 

well performance

HYDRAULIC FRACTURING
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CHALLENGES

 Unknown downhole pressure

 Lab results cannot repeat downhole conditions

 Difficult to replicate the high flow rates used in the field in the lab’

 Incorrect flow regime can result in different proppant distribution

 Field measurement only reflects total flow

 Long pipes between perforations – numerically unfeasible

 Long simulation time
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VALIDATION WITH LAB EXPERIMENT

 Equal liquid flow among three perforations

 Highly skewed sand flow reproduced by Barracuda at low flow rates

 Eulerian-Granular flow model predicted much more even sand flow distribution

 Sand profile and pressure drop are validated in earlier works.

 Experimental data not normalized properly (sum<100%), simulation match should be even better if 

errors corrected

*SPE Paper #163852, Crespo et al., 2013 
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MODEL PARAMETERS

 Geometry

 Number of clusters and perforation hole # in each cluster

 Carrier fluid viscosity

 Outlet conditions due to fracture pressure – uneven flow distribution 

due to boundary conditions

12 perforation holes for each fracture

75’

Tube ID: 4”
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FLOW DISTRIBUTIONS VERSUS # OF FRACTURES/CLUSTERS – PERFORATION 

HOLES

With 3 clusters With 4 clusters

With 5 clusters With 6 clusters
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PROPPANT DISTRIBUTIONS VERSUS # OF FRACTURES/CLUSTERS –

PERFORATION HOLES
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SLICK WATER EFFECTS ON PROPPANT DISTRIBUTION IN THE CASE OF 

4 CLUSTERS

 Proppant distribution is not significantly affected by carrier fluid properties between 

water and slick water

 Slick water: 

 Viscosity = 2cp 

 dP reduced by a factor of 0.45 with 2.5 ppg proppants
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COMPARATIVE CASES STUDIED WITH 12 AND 6 PERFORATION HOLES WITH 

SLICK WATER AND dP CORRECTION

 Three cases compared:

Water with 12 perforation holes in each cluster

Slick water with 12 perforation holes in each cluster

Slick water with 6 perforation holes in each cluster

 Each case with 3, 4, 5 and 6 clusters compared

 Perforation hole ID: 3/8”

 For slick water with proppants the Dp was corrected with a factor of 

45% 

 Slick water viscosity 2 cp

 Proppant concentration 2.5 ppg

 Flow rate: 75 BPM
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PROPPANT DISTRIBUTIONS WITH 4 CLUSTERS

 Proppant distribution comparison for three cases

 Difference between water and slick water is insignificant

 With 6 instead of 12 perforation holes, the increased pressure greatly 

even out the proppant distribution
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PROPPANT DISTRIBUTIONS WITH 6 AND 12 

PERFORATION HOLES

 Proppant distribution comparison for three cases

 Difference between water and slick water is insignificant

 With 6 instead of 12 perforation holes, the increased pressure greatly 

even out the proppant distribution

6 holes 12 holes
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FLOW DISTRIBUTION DATA FROM THE FIELD USING 

DTS

 Data used to calibrate Barracuda flow 

simulation by adding pressure loss coefficient 

to mimic flow distribution.

 It can seen that once flow is calibrated, both 

total flow and proppant shows similar 

distributions regardless of SW or XL (gel) used 

as carrier fluid!

Field data using DTS/DAS

Simulation Results – Total Flow %

Simulation Results – Proppant Flow %



Copyright of Shell International E&P Inc.

PROPPANT DISTRIBUTION VS. FLOW RATES AND PROPPANT DENSITY -

EXAMPLE

 Varying pumping rate and 

density have significant 

impact on proppant 

distribution in the fracture

 Other factors are important 

as well:

 Fluid density and 

viscosity

 Proppant size, density 

and shape (drag)

 Proppant coating

18.75 bpm, Proppant SG=1.0, t = 3600s

18.75 bpm, Proppant SG=1.35, t = 3600s 

18.75 bpm, Proppant SG=2.65, t = 3600s 

75 bpm, Proppant SG=1.35, t = 900s 

75 bpm, Proppant SG=2.65, t = 920s 

75 bpm, Proppant SG=1.0, t = 900s 

Red color indicates packing limit

Grey color indicates liquid only

*SPE Paper #151607, Tsai et al. 2013

1200 ft
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CONCLUSIONS

 Complete liquid/particle fluidization model for slurry transport has 

been developed and applied to oil and gas operations.

 Model optimization through published data.

 Some phenomenon are proven difficult to model and better 

methods should be used.

 Large-scale fracking applications can be modeled effectively with 

Barracuda and results can be useful for decision making.

 GPU acceleration greatly enhanced the model speed (from 1-2 

weeks to 1-2 days) and allows realistic optimization for commercial 

operations




