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Synopsis: A very large integrated Paper Plant desired to improve productivity of paper 
production utilizing the existing equipment.  
The technical paper describes the reasons why the Paper Plant considered the 
replacement of a flow meter on the steam outlet of a Recovery Boiler.  In order to 
understand the decision this paper describes: elements of the Paper Process; the 
Recovery Boiler; and the factors resulting in a change of meter. 
It provides the financial justification and the technical reasons for the choice of a V-
Cone meter. 
The influence of head loss in the choice of Flow meters is developed. 

 
 
 

1. Introduction 
 

At Escanaba, in Michigan, there is a very large integrated Paper Mill belonging to 
MeadWestvaco.  This facility desired to improve productivity without significantly 
changing the existing equipment.  
This technical paper describes the Manufacturing Plant, the Paper Process and the 
influence of the Recovery Boiler on the Paper Production. From this understanding, the 
paper then describes why it was necessary to change the Nozzle flow meter being utilized 
to measure the steam flow from the Recovery Boiler and the resulting choice of a V-Cone 
Meter. 

 
 

2. Paper Manufacturing Plant at Escanaba 
 
The Plant is a very large fully integrated Paper Mill producing 2,000 tons/day of high 
quality paper on a site in Michigan.  The raw timber is harvested from a wide area 
including the company owned forests.  MeadWestvaco currently owns and manages more 
than 700,000 acres in Michigan. 
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2.1 Production Process 
 

2.1.1 From the incoming trees, 8-foot long logs are taken and debarked.  The bark 
goes to the Wood Waste Boiler 

2.1.2 The debarked 8-ft logs now go to a Chipper 
2.1.3 The chips from the Chipper are fed into a Digester along with “White Liquor” 

(see 2.1.5) and 175 psi steam at 400 0F 
2.1.4 The Pulp Output from the Digester goes to the Paper Making Machine and the 

byproduct is called “Black Liquor”, which is used as fuel in the Recovery 
Boiler 

2.1.5 The “Black Liquor” in the Recovery Boiler is fired and in the process 
produces “Green Liquor” which is taken from the boiler and has lime added to 
it and this forms “ White Liquor” which is part of the feed for the Pulping 
Process. 

 
From the above it is apparent that the process is highly integrated.  Because of the high 
degree of integration, it is necessary to maximize the conversion of black liquor into 
white liquor.  This is necessary to achieve the facility’s maximum production rate. 
 
In this operation, it can be seen that there is a requirement for Boilers to produce steam 
for the process and for the generators producing electrical power.  However, it is also 
clear that the “byproduct” from the Recovery Boiler is an essential feed stock for the 
Pulping Process. 
 
The Boilers will now be detailed to assist in the understanding of the plant operation 
 

2.2 Boilers  
 

2.2.1 A Multi-fuel Boiler produces 750 Klbs/hr at 1500 psi and 920 0F of 
superheated steam 

         The multi-fuel is wood/coal/natural gas. 
 

2.2.2 A Gas/Oil Fired Boiler produces 400 Klbs/hr at 1500psi and 920 0F of 
superheated steam.  

 
2.2.3 A Wood Waste/Gas Boiler produces 250 Klbs/hr at 1500psi and 920 0F of 

superheated steam 
 This boiler is normally fired with the bark residuals removed from the logs.  It 

is also fired with gas when an inadequate bark supply exists.  
2.2.4 A Recovery Boiler produces 550 Klbs/hr at 1500psi and 920 0F of superheated     

steam. 
 This boiler is fired with “Black Liquor” from the pulping process and the 

byproduct from the boiler is “Green Liquor”.  Green liquor is later converted 
to “White Liquor” which is required for the pulping process. 
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All the boilers produce the steam, which is fed into a common header, and then 
distributed around the plant to: 
Drive the Generators 
Feed the Process Plant 
Provide the General Utilities 
 

2.3 Generators 
 
Three turbine generators produce 105 MWatt electricity. 
The details are given in Fig 5. 
 
 
3. Plant Problem to increase Productivity  
 

3.1 The Recovery Boiler 
 
This boiler is a key element in the total integration of the process as this entails the 
utilization of “Black Liquor” which comes from the initial processing of the wood to 
produce the Wood Pulp (see 2.1.5) 
 

3.2 Specification and Operation of the Recovery Boiler 
 
The boiler was originally built in the 1970’s.  
 

3.2.1 The boiler is a Babcock and Wilson unit, originally built in the 1970’s.  It 
consists of: 
A firing chamber where the “Black Liquor” is burned with air.  Initially oil is 
used to commence the firing. 
A Large Drum containing the boiler tubes where the heat generated in the 
firing chamber heats the water to produce steam 
2 Super heaters, get the 1475 psi steam to 920 0F, which is required to remove 
any moisture from the steam.  The superheated steam is used in the turbine 
generators for producing electricity.  The steam rating is 550,000 lbs/hr. 

 
3.3 Problems with running at maximum rates within the Recovery Boiler 
 

3.3.1 The superheated steam from this boiler leaves through a non-return valve, a 
flow meter and an isolation valve to the generator.  The output from this pipe 
must be at 1475 psi and 920 0F.  If it is below that value there is a risk of 
liquid separation, which would destroy the Turbine due to the momentum of 
liquid particles.  
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3.3.2 At the boiler drum, there is a safety relief valve, which will activate if the 
pressure exceeds 1625 psi.  These restraints have serious implications on 
the pressure drop from the Recovery Boiler to the Turbine. 

3.3.3 The maximum pressure drop in this section of pipe should not exceed 100 psi.  
   
When the throughput of the Recovery Boiler reaches it’s steam rating it was 
apparent that there was danger of lifting the safety relief valve. 
 
3.4 Research to determine the Critical Parts in the Process  
 
It was decided to install 7 Pressure transmitters in the process to determine where the 
major head losses occurred. 
There is a 12 psi drop through the Non-Return-Valve (NRV), and the existing Nozzle 
Flow Meter had a pressure drop of 15 psi.  Along with the other valve and the pipework 
the process operated at very close to the 100 psi and there were times when the safety 
relief valve would be activated.  I.e. the 1475psi to 1625psi with a safety margin. 
 
3.5 Solution and implications when solving the Pressure Loss Problem 
 
 
Note: All the piping within the Boiler House must meet the ASME P Stamp Power 
Piping Standards.  These are extremely stringent, and have purchasing, manufacturing 
and inspection implications for the manufacturing supplier.  This results in very careful 
consideration when piping components have to be changed. 
 

3.5.1The Company examined the possibility of replacing the 2 Super Heaters to 
reduce the pressure drop.  The cost associated with replacing the super heaters 
is between $0.5 M and $0.75 M.  The labor cost to remove of the existing 
units and the install the new units would have also been very high. 

 
3.5.2 It became clear that the 15psi drop through the Nozzle Flow meter was a key 

element in the decision-making process.  If this could be reduced 
dramatically, it would not be necessary to buy new Super heaters. 

 
3.6 Choice of the V-Cone Meter 
 
Different types of Flow meters were considered, including, ultrasonic meters, averaging 
Pitot tubes, orifice, Venturi but they were all dismissed on the basis of head loss, 
accuracy, reliability or installation possibilities. The only meter, which met all the 
requirements, was a V-Cone meter. 
The V-Cone had the attraction of reducing the head loss to 5 psi. (See Fig 9) It was 
accurate and reliable and could be fitted into the existing space occupied by the Nozzle. 
A 12” Schedule 150 V-Cone in P 22 CrMoly material was purchased. (See Fig 6) 
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3.6.1 Details of the V-Cone Meter 
 

3.6.1.1 The V-Cone meter is a differential pressure meter, which has the 
significant technical advantage of working on the fluid in the 
center of the pipe by supporting a cone in that position. The 
additional benefit of the V-Cone technology is that the downstream 
pressure tap is taken from the center of the fluid in the downstream 
side of the cone.  These 2 technical developments give the V-Cone 
a very significant advantage over any other differential pressure 
meter.  These points are illustrated in Fig. 6, which is a drawing of 
the meter provided for this project. 

3.6.1.2 This figure also illustrates why the pressure drop is reduced with 
this device.  It can be seen that the fluid flow does not meet a bluff 
body but a carefully selected body shape, which directs the fluid 
around it and reduces the loss when vortices are shed. 

3.6.1.3 In steam applications or wet gas instances, the V-Cone allows the 
liquid to flow along the pipe wall, thus bypass the differential 
producer, and consequently reduce erratic effects. 

3.6.1.4 Fig 7 gives the sizing calculations for this particular meter and it 
can be seen that it was a 12” sch. 120 meter with a 0.85 Area Ratio 

3.6.1.5 The V-cone meter requires to be calibrated and Fig. 8 gives the 
results of the calibration from the McCrometer Water Laboratory. 
The Average Cd value produced was 0.7566 and this figure was 
used for the calculation algorithms in the MeadWestvaco facility 

 
3.7 Effect of Changing to the V-Cone 
 
The replacement of the Nozzle flow meter with the V-Cone has resulted in a 10% drop in 
pressure drop and since it has been installed it has performed as specified and there was 
not been any danger of lifting the safety relief valve.  This has allowed the plant to run at 
maximum loads more often. 
The performance of the V-Cone has had the additional implication that there is a 
reduction in the energy required to drive the steam to the Turbine and an increased 
efficiency in the Generator since the steam is supplied in the most efficient form. 
The plant engineers have carried out mathematical Case studies on the effect of 
increasing the pressure by 10psi through their boilers (or any mechanical device, which 
has a pressure drop) and Fig 10 shows the results of these studies. In Case #1 where there 
is a high pressure the savings are $2,652/year; in Case #2 where there is an intermediate 
pressure the savings are $10,412/year and in Case #3 at low pressure there is a saving of 
$32,900/year. 
 
This makes it very clear that a Flow Meter with a low-pressure drop results in an ongoing 
cost saving as well as a capital cost saving. 
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4. Conclusions 
 

4.1 The MeadWestvaco plant was able to run at maximum loads without a major 
capital investment in plant. 

4.2 This was achieved by a careful study of the key parameters affecting throughput. 
4.3 A detailed pressure drop study in the area of the Recovery Boiler highlighted the 

Nozzle flow meter as the limiting element. 
4.4 Replacement of the existing flow meter with a V-Cone solved the problem. 
4.5 The paper highlights the cost savings, which can be achieved when there is a 

reduction in the pressure loss through such a plant. 
 
 
 

 
 

 
 
 
Fig.1 Photograph of the Escanaba Mill in Michigan 
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Fig 2 Process Flow – Mill Overview 
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Fig 3 Recovery Boiler 
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Fig 4 Schematic of the Recovery Boiler 
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Fig 5 Turbine Meter Room 
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Fig 6 Drawing of the 12” V-Cone Meter 
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Fig 7 Final –Cone Sizing Calculation
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Fig 8 Water Calibration Certificate in the McCrometer Water Lab.
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Fig 9 Graph of Pressure Drop in Steam for Orifice Plates and V-Cones 



 - 15 - 

 
 
 

 
 
Fig 10 Cost Savings with 10 psi rise in Pressure. 
 
 


