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Overview – NOV
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Blender Pump: Digital Twin 

Blender Truck

Fracking (Hydraulic Fracturing): injecting high-pressure fluid - solids 

into formations to create fractures to increase production➢ Hybrid Pump Degradation 

model

➢ Solid Concentration 

model 

Role of Simulation

➢ Adding physics

➢ Virtual sensors

➢ Online Insight

Limitations

➢ Simulations are not feasible 

for some of the complex 

process 

Challenges

➢ Integrating different systems

➢ Validation of the simulations
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Blender Truck

Simulation based Digital Twin : Blender Pump  
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Reduced Order Models 

(ROM)

Physics based 

simulations on cloud

Display

On Access NOV

Data Science Model 

with

physics based 

Simulations 

MAX Cloud

Digital 

Twin

Deployment 

package for 

Digital Twin

Simulation based Digital Twin : Blender Pump  

Simulation Data ScienceMAX

➢ Integrate with NOV MAX

➢ Virtual sensors

➢ Extension to different blenders

Discharge Pressure

Pump Degradation

Sand Concentration
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NOV Access Portal : Blender Pump 

Ansys ROM – Discharge Pressure

Sensor – Discharge Pressure

Time

Pump Discharge Pressure Data
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Pump Simulation Data 
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Blender Pump Digital Twin : Access NOV

Digital twin data as virtual sensor

Virtual sensor

Simulated_Blade_Pressure

Virtual sensor – Blade Pressure

Pressure distribution
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Blender Pump Digital Twin : Access NOV
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Sand Concentration Model

➢ Physics-based model is developed to replace the sand concentration sensor when tub 

level/suction rate is stable.

➢ A data-driven model model is developed to complement the Physics-based model when 

tub level/suction rate is not stable.

➢ Physics-based or data-driven model will be adaptively switched to predict the sand 

concentration based on the stability of suction rate and tub level.

➢ When suction/discharge rate are stable, the prediction error of the hybrid model is 

less than 10%.

➢ The SC calculation model is currently deployed in both AWS and Databricks, but it can 

also be deployed in a PLC.
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Assumptions on the Physics-based Sand Concentration Model

Frac Blender

Assumptions:

• The added chemicals are negligible compared to the amount of proppant.

• No loss of water and proppant in the tub (Tub level is relatively constant)

• The density is constant (at least for a short time window)

Simplified schematic

Pure 

water

Slurry

Suction rate Discharge rate

Proppant

Mixing Tub
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Hybrid Sand Concentration Prediction Model

Physics-based and Data-driven models will be adaptively switched based on the stabilities of suction rate/tub level.

Flow sensors OK         

            AND 

Suction rate stable?

No

Physics-based model

Data Driven model

Train the Data-driven 

model at different 

proppant density levels

Yes

Overall flowchart of the hybrid sand concentration model

Proppant density

SC 

calculation

Model 

selection
∆𝑄𝑟𝑒𝑙 <  10%
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Feb. 16th to Feb. 17th, 2023

Validation of Sand Concentration Model

Before

After

Before/After Smoothing on Cudd 7762A
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Optimization and Emission Reduction for Gensets
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➢ 3 to 4 Gensets per Rig. Each having 1000 -1500 KW 

➢ Fuel consumption is around 5000 to 7000 Gal/Day

➢ Fuel Cost per month is $ 0.5 million to $ 1 million  

CO2 emission per month

 1500 tons
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Optimization and Emission Reduction for Gensets
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CAT3512C Engine model 
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Optimization and Emission Reduction for Gensets

Transient model 2D CFD Simulations

Velocity CO2

Temperature
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Optimization and Emission Reduction for Gensets

Data Driven Model
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Disclaimer

This document contains proprietary and confidential information which belongs to National Oilwell Varco, L.P., its 

affiliates or subsidiaries (all collectively referred to hereinafter as “NOV”). This document is to be returned to NOV 

upon request and in any event upon completion of the use for which it was loaned. This document and the information 

contained and represented herein is the copyrighted property of NOV. Reproduction, in whole or in part, or use of this 

design or distribution of this information to external entities is not permitted © National Oilwell Varco. 

Limitation

The scope of this report is limited to the matters expressly covered. In preparing this report, Corporate Engineering 

Analysis (CEA) of National Oilwell Varco (NOV) has relied on information provided by the client. CEA has made no 

independent investigation as to the accuracy or completeness of such information and has assumed that such 

information was accurate and complete. Further, CEA is not able to direct or control the operation or maintenance of 

the client’s equipment or processes. All recommendations, findings and conclusions stated in this report are based on 

facts and circumstances as they existed at the time that this report was prepared. A change in any fact or 

circumstance on which this report is based may adversely affect the recommendations, findings, and conclusions 

expressed in this report. CEA is not responsible for the bugs in the commercial simulation software used.
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Architecture
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Azure Cognitive 
Search

SQL DB Search

Drill-bits
Search Bot

Semantic Keyword

Azure Open AI 
GPT model

engineered for search tools

Multi-tool Agent 
for complex search

Original Data

Azure SQL DB

Blob Storage

@cognitive search tool

@SQL search tool

User 
Interface

FastAPI,
Gradio streaming 

Chatbox

Cosmos DB for 
chat history
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