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1 in 300,000,000,000

The Challenge: how to 
take a 10L 

representative sample 
from a 1.9 million barrel 

VLCC? 
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Stream Conditioning 

In order to achieve a representative 
sample, mixing of the crude and 

water is required! 

Automatic Sampling for Custody Transfer 



TOO HIGH OR TOO LOW 

PARTIALLY TOO HIGH OR TOO LOW 

PARTIALLY TOO HIGH OR TOO LOW 

PARTIALLY TOO HIGH OR TOO LOW 

TOO HIGH OR TOO LOW 

SOMETIMES TOO HIGH OR TOO LOW 

PERFECT MEASUREMENT! 

Stream Conditioning – Flow Types 
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Stream Conditioning – Mixing Technology 
In practice there are a two main alternatives: 
- Static mixing 
- Jet mixing 



Automatic Sampling for Custody Transfer 
Stream Conditioning – Mixing Technology 

• Turn down ratio       Limited (~1:5)      High 
• Pressure drop          Yes         No 
• Pipeline Pigging          No         Yes 

Static Mixer  Jet Mixing 

Challenges with Jet Mixing 
• Electric Power Requirement (pump and motor) 
• Large footprint 
• Potential deteriorating mixing performance 

Differences  
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Stream Conditioning – Challenges with Jet Mixing 
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Automatic Sampling for Custody Transfer 
Stream Conditioning – Addressing the Challenges of Jet Mixing 

• How do we reduce the electric power requirements? 

• How can we create a more compact design with smaller pump 
and pipe work? 

• How do we address the deteriorating performance due to  

• Sediments? 

• Wax forming? 

• Unwanted materials (e.g. sand, etc.)? 



Automatic Sampling for Custody Transfer 
 e-Jet Mixer – Addressing the Challenges of Jet Mixing 

Eductor Type Mixer  Initial results based on CFD modelling 



Mixing profile test conducted at the accredited TUV-NEL flow facility 
Purpose: evaluation of traditional Jetmix versus e-Jetmix (with eductor) 
• Horizontal and Vertical lines 
• Watercuts: 0.1% - 60% 
• Velocities of 0.1m/s - 1.0m/s 

e-Jet Mixer - Lab Test 
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          No mixer                            Insufficient mixing                             Sufficient mixing 

e-Jet Mixer – Lab Test 
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Energy (decrease applied to mixing 
system 

Automatic Sampling for Custody Transfer 
e-Jet Mixer – Lab results at low water cut (v < 0.2 m/s) 
   ISO 3171  

C1/C2 <0.9 
 
System ratings: 
• A: <5% 

• B: 5-10% 
• C: 10-15% 
• D: >15% 

Upper limit of measurements 

Lower limit of measurements 

Trend line 
E-Jet Mixer more accurate 
at lower energy levels 
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e-Jet Mixer – Lab results at high water cut 
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Energy decrease applied to mixing 
system 

Theoretical amount of 
energy applied to 
oil/water mixture to 
achieve a homogeneous 
mixture  

E-Jet Mixer more efficient at 
lower energy levels 

E-Jet Mixer more accurate at 
lower energy levels 



Energy decrease applied to mixing 
system 

Automatic Sampling for Custody Transfer 
e-Jet Mixer  - Lab results at low water cut (v = 0.1 – 1.0m/s) 
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e-Jet Mixer – Lab results at vertical flow 

P
er

fo
rm

an
c

e    
 R

at
in

g
 

Energy decrease applied to mixing 
system 

E-Jet Mixer more efficient 
at lower energy levels 
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ISO 3171 – Proving the sampling system 

Overall Validation & Certification  

System Rating 

Rating Accuracy 

A <5% 

B 5% – 10% 

C 10% - 15% 

D >15% 

PURGE PIPELINE 

BASELINE BEFORE 

WATER INJECTION 

WATER ARRIVES 

|--------SAMPLING PERIOD--------| 

BASELINE AFTER 

Water proofing Test Certification 

Three samples 
1. Baseline before 
2. Actual water injected sample 
3. Baseline after 

Automatic Sampling for Custody Transfer 



Automatic Sampling for Custody Transfer 

Volume of oil 
Volume of water 

Water in base line: 0,034% 

Water injected    : 1.569% 
Water measured: 1.620% 

Performance ratio: 0.01 
 (A-rating <0.05) 

Condensate with an  
API>50 



Application                 % Water Viscosity  Density  Accuracy  
       Injected  

30-inch crude oil pipeline      1,56%    1,3 cSt  770kg/m3 A-rating 

36-inch crude oil pipeline      1,46%    6,4 cSt  840kg/m3 A-rating 

40-inch crude oil pipeline      1,94%    1,4 cSt  780kg/m3 B-rating* 

e-Jetmixer - Field Results 
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Challenges: 
• Limited available footprint 
• Maturing fields (asphaltenes & sand)  
• Lower pipeline velocities (resulting in 

poor mixing) 
 

Platform: ULA (North Sea) 
Operator: AkerBP 

e-Jetmixer - Offshore Application 
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- Compact design 
- Suitable for maturing field conditions 

Automatic Sampling for Custody Transfer 
e-Jetmixer - Offshore Application 
   



- e-Jetmixer contains an eductor mixing nozzle which proves to be an very 
promising technology for pipeline sampling applications. 
 

- Requires in general less electrical power than traditional jet mixing 
technologies 
 

- Higher accuracy than traditional methods in cases where: 
- Less energy is applied than required 
- Low velocities in the main pipeline 

Automatic Sampling for Custody Transfer 
e-Jetmixer - Summary 
   



- Accurate performance for crude oils containing: 
- Sediments 
- Wax formation issues 
- Other unwanted materials 
 

- Less required footprint and power 

Automatic Sampling for Custody Transfer 
e-Jetmixer – Customer Benefits 
   



Kimman Process Solutions B.V. 
Dienstenstraat 25 
3161 GN RHOON 
The Netherlands 

 
Florijnstraat 95 
2988 CL RIDDERKERK 
The Netherlands 
Tel. +31 (0)180 – 225 000 
Email info@kpsnl.com 

Automatic Sampling for Custody Transfer 
More Information 
   



THANK YOU 
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