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A Saturated Steam Injection Meter 



Introduction 

￭ Steam Injection for EOR  
 

 

 

 



Introduction 
 
￭  The design of steam injection projects requires a knowledge of the quality and pressure 

of steam at the surface before it enters the formation. 
 

￭ Why is Quality Important? The great difference in density between steam and liquid during 
wet steam injection always results in steam override, that is, steam gathers on the top of the 
pay zone. 

 
￭  In order to make such predictions, the multiphase flow and mass & energy balance 

equations must be solved simultaneously-  this requires good measurement data of the 
homogenous mass/energy injection, Pressure/Temperature and steam quality. 
 

￭  Further more Poor Steam Quality can compound operational issues with higher 
erosional velocities and premature equipment failure… 

 

 

 

 

 



Phase Changes 



Latent / Sensible Heat  



Steam Primer : Steam Quality? 



Introduction to steam flow meter 

￭ There are many saturated (wet) steam flow applications 
throughout industry.  

￭ Most are metered with standard gas meters assuming single 
phase conditions. 

￭ All steam meters are adversely affected by liquids present within 
a steam flow. 

￭ This presentation discusses the saturated (wet) steam 
performance of a hybrid meter, aka ‘VorCone mass meter’ and/or 
“TekValsys FloMass”. 

 

 

 

 

 



Doubling Down on Single Phase Meter Principles  

Coriolis DP : Cone/Venturi/ 
Orifice/Wedge 

Multivariable 
Vortex  
 

Multipath Ultrasonic 



When any liquid, gas or vapor in motion hits a solid  body in its path, it flows around it 
shedding vortices  alternately on either side of the body. 

Vortex Shedding Principle 

The frequency of the vortices is directly  proportional to the velocity of the fluid. 

Flow 

 
 
 
  Vortex Meter:                    Qv = f (freq)  
        Qv = K(freq)    
       



Cone Mass Flow Meter Methodology: 
 

 
  Cone meter:                    Qv = f (ρ, ΔP)    
       



Measuring Steam Energy 

Velocity (ft/s)       OR      Diff Pressure (DP) 

Volumetric Flow Rate (ft3/m) 

Pipe Cross Area(ft2) 

Density (lb/ft3) 

Mass Flow Rate (lb/hr) 

Energy Rate (Btu/hr) 

Enthalpy (Btu/lb) 

Basic steps for the steam energy calculation 



∗ Steam is a compressible fluid 
∗ Density is a function of both temperature and pressure 
∗ Saturated steam :Process Heating  

• Temperature and pressure are dependent  variables .  
• Density can be calculated by measuring one variable P&T. 

∗ Superheated steam: Power- Motive Force 
• Temperature and pressure are  independent variables . 
• Need to measure both to calculate density 

∗ Wet Steam: Nuisance Value - Steam Quality !! VV Important 
 

 

Density 

Importance of 



Steam Table 



The Law of the Instrument 
A cognitive bias involving an over-reliance              

on a familiar tool.  
 

E.g.  trying to make a specific flow meter type 
fit all applications, even when it really doesn’t. 



Early Hybrid Meter Designs 

                                                   Boden (1956) / Lisi (1973):  
 

Density Insensitive Qv meter:     Qv = f (frequency)    
Density Sensitive Qv meter:       Qv = f (ρ, ΔP)    
Density:                                       ρ = f (Qv, ΔP) 
Mass:                                          Qm= ρQv 



Early Hybrid Meter Designs 

    Three Hybrid Meter Design Rules:  
 

1. Give each meter enough consideration to operate.  
 

2. Paired meters must operate over similar ranges. 
 

3. Paired meters must not interfere with each other.  



Vortex + Cone aka VorCone Hybrid Mass Flow Meter Methodology: 
 

   Vortex meter meter:        Qv = f (frequency) << density independent   
   Cone meter:                    Qv = f (ρ, ΔP) <<<<< density dependent  
   Density:                           ρ = f (Qv , ΔP)  << solve for density (1st unknown) 
   Mass:                              Qm= ρQv  << solve for mass  (2nd unknown) 
 
 

Modern Day Hybrid Meter Design: VorCone TM 



￭ Air calibrated at CEESI 
￭ Volume & mass flow 0.5%**  
￭ Density ± 0.2 kg/m3 

3”, 0.68β VorCone Meter 



A Somewhat Balkanized Flow Meter Community 

 

 

￭ This doesn’t facilitate the R&D of newer technologies/ Hybrid meters! 
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￭ For known densities, wet gas flow metering has two unknowns: 
 mg & ml, 

     i.e.:  ML & the quality ‘x’ 
 
 
 
 
 
 

￭ Known: MH = Mgas + M liquid= Mass Vapor (wet/sat. steam), 
 

VorCone Meter and Saturated (Wet) Steam 



Corporate Office: 796 Tek Drive, Crystal Lake, IL 60014 USA  
Tel.: +1 847 857 6076 | Fax: +1 847 655 6147 

Standard Practice / Standard Problem- Wet Steam 

 Find the steam flow for a known x, using some correction factor ‘f’: 
 
 
 
 

 ISO gives a cone meter wet gas correction ( f ). 
 

 Problem for Standard Vortex meters : if x not known, two unknowns and one equation. Can’t be solved! 
 

 You need two equations to solve for two unknowns dynamically ! 
 

 Hence fall back to the conventional  P&T compensation and Saturated Steam Tables 
 

 Steam tables give steam and water densities for known P & / or T conditions ( Saturated 
conditions).  
 
 
 



VorCone Meter with Saturated Steam 

￭ Steam injection flows are relatively high pressure velocity flows, i.e. 
mist / homogenous mix flows.  

￭ Vortex meter predicts homogenous mixture volume. 
￭ VorCone meter then predicts homogenous density.  
￭ Phase densities known from steam tables… 

 

Flow 





Portable truck compact 
separator with Coriolis gas and 
liquid reference system: 5% 
reference system uncertainty!  

2” VorCone Meter installed at 
saturated steam oil well 
injection point. 
 

Field Testing: Oil Truck Unloading            Field Testing: SteamQ* 



Applying ISO TR 12748 Cone Meter Wet Gas Correction 
with VorCone Meter Predicted x 



Field Testing: SteamQ* 



3” VorCone Meter Boiler Outlet Location 



Added Cone DP Meter Verification System 



Normalized Diagnostic Display- Built in Validation 



X= liquid loading/steam Quality 

Field Test Varying Steam Quality Validation 



Conclusions 

￭ For an unknown gas density the VorCone meter predicts dry gas 
mass flow to < 1% uncertainty (95% confidence!). 

￭ Saturated steam flows are usually metered by gas meters, with liquid 
induced gas prediction biases.  

￭ Correction factors (if they exist for a given meter) require an 
externally supplied liquid loading – which is usually not known.  

￭ The VorCone meter can internally predict x (down to 40%), and apply 
a 2-phase flow correction factor, thereby also predicting a more 
accurate Wet steam flow along with Steam Quality.  

 

 

Continue… 



Questions 

Conclusions 

￭ The cone meter diagnostic system                    offers  
• Two additional DP check meters 
•  An built in Expanded Hybrid Check meter with a 2nd 

independent liquid loading validation system. 
￭ Next Project : Wet Gas ( Lab Testing on Wet Gas – 

completed early 2019, awaiting results from Field Trails !!) 
￭    Questions  

 
 
 



THANK YOU 



What I’m Going to Talk About Next 

Uncertainty 
Certainty 

Two meters 
combined Reducing 
uncertainty Maximum Likelihood 

Uncertainty (MLU) 
Independent & 
Hybrid Meters 



Vortex and Cone Meters in Series 

6” 
Sch 80 

Steam 
3 to 20 kg/s 

15 and 60 
barg 

±0.6% ±0.47% ±0.75% 

Cone Vortex MLU 



Vortex and Cone Meters in Series 



Annual Revenue and Uncertainty Exposure 

$76.18 
million 

$76.30 
million +$127K 

Cone 
20.142 kg/s ± 0.6% 
 
$5.5 / tonne 
 

Difference 
↓± 0.13% 
 
 

MLU 
20.175 kg/s ± 0.47% 
 
$5.5 / tonne 
 



Annual Revenue and Uncertainty Exposure 

±0.457 
million 

±0.359 
million 

↓ ± 
$98K  

Cone 
20.142 kg/s ± 0.6% 
$5.5 / Tonne 
 

Difference 
↓± 0.13% 
 
 

MLU 
20.175 kg/s ± 0.47% 
$5.5 / Tonne 
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