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Chapter 5 

   DEMINERALIZATION PLANT 

 
5.1. Introduction to Demineralization Plant (RO-2 plant). 

De-mineralized water production plant mainlyconsistsof domestic water RO system 

which is commonly named as RO-2 and ion exchange process. Conductivity of water 

produced from desalination plant should be less than 2,000 µS cm-1 to be treated in 

this RO-2 plant[1]. RO-2 system will reduce the conductivity of water below 50 µS 

cm-1. It isfurther reduced to 0.2 µS cm-1after passing through the ion exchange 

columns. Treated water from Ro-2 system is used to fulfill the potable water 

requirement of the plant as well. 

Treated water from RO-1 unit is pumped through RO membranes using high pressure 

pumps. Then the water is stored in an intermediate storage tank called RO-2 water 

tank. Part of this water is sent through limestone filters to make potable water. Rest of 

the water is sent through a cat-ion bed, de-gassifier, An-ion bed and a mix bed 

connected in cascade. The final product is collected in a storage tank as Demineralized 

water which suitable to be fed into the boiler. 

 

Figure 5.1: Flow diagram of Demineralization system. 
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The system operating data was collected to identify the causes and durations of 

failures to identify and explore the areas which need modifications or improvements. 

The collected data issummarized below. 

Table 5.1System outage data in demineralization unit. 

Time of 
startTime of 
Failure 
(mm/dd/yyhh:mm) 

Time of 
Restoration 
(mm/dd/yyhh:mm) 

Incident Outage 
(h) 

11/16/11 9:38 11/16/11 16:11 Ro-2 System (HP pump #1) 6.55 

10/19/11 9:20 10/19/11 17:40 Ro-2 System (HP pump #2) 8.33 

9/30/11 9:35 10/1/11 18:10 Degasified blower 32.58 

9/30/11 10:45 10/1/11 18:20 Anion Bed #1 31.58 

12/8/11 8:35 1/5/12 9:33 Broken pipe line which connect 
with portable water tank 

672.97 

5/21/12 8:13 5/22/12 8:45 Anion Bed #2 24.53 

4/19/12 15:05 4/21/12 17:05 Degasified blower 50.00 

4/19/12 3:18 4/21/12 5:10 Anion Bed #1 49.87 

Total Outage 876.42 

 

The longest outage during this evaluation period was caused by a failure of pipe line 

which is not directly related to the demineralization process. However,  the second 

longest outage was due to the failure of blower attached to the de-gasifier unit.  There 

is only a single blower installed according to the design and no redundancy is 

available in case of a failure of the blower. Further, a failure of degasifier blower will 

cause an overload on the anion bed located next causing it to cease the iron exchange 

operationsand shut its inlet and outlet valves. 

Using the above data equipment wise reliability indices can be calculated to facilitate 

making recommendations to improve availability. 
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Table 5.2: Equipment wise reliability factors. 

Equipment Running 
(h) 

Outage 
(h) 

No of 
running 

times 

No of 
Outag

es 
m (h) r  (h) 

  
Availabilit

y  
f λ/h μ/h 

Ro-2 System 
(HP pump #1) 10,845 6.55 3 2 3,615.00 3.275 0.999 0.000276 0.000277 0.305 
Ro-2 System 

(HP pump #2) 10,845 8.33 2 1 5,422.50 8.333 0.998 0.000184 0.000184 0.120 
Degasified 

blower 10,845 82.58 4 3 2,711.25 27.527 0.990 0.000365 0.000369 0.036 

Anion Bed #1 10,845 31.58 5 4 2,169.00 7.896 0.996 0.000459 0.000461 0.127 

Pipe Line 10,845 672.97 5 4 2,169.00 168.242 0.928 0.000428 0.000461 0.006 

Anion Bed #2 10,845 24.53 2 1 5,422.50 24.533 0.995 0.000184 0.000184 0.041 

Anion Bed #1 10,845 49.87 3 2 3,615.00 24.933 0.993 0.000275 0.000277 0.040 

  
876.42 

  
417.12 45.21 

 

0.902214 0.002356 0.002397 0.751 

 

Therefore, demineralization plant has an availability of 0.902214 and a failure rate of 

0.002397/h.

5.2. Suggestions to Improve System Reliability. 

The easiestpoint of improvement is thedegasifierby installing an additional blower 

(Figure 5.2) to operate on standby basis to avoid the tripping of entire plant. It can be 

demonstrated as follows in the graphic window which is in the control system. 

 

Figure 5.2: Proposed standby blower to degasifier. 
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In order to connect the additional blower to degasifier it is needed to modify the logic 

ladder diagram in PLC program as follows. 

Figure 5.3: Proposed logic modification in PLC ladder program. 

Legends of the gates are as follows. 

Inputs 

Manual mode selection I0.0 

Auto mode selection      I0.1 

P1 manual start               I0.2 

P1 manual stop                I0.3 

P2 manual start               I0.4 

 

 

 

 

P2 manual stop                I05 

Auto sequence start        I0.6 

Auto sequences stop       I0.7 

P1 thermal overload        I1.0 

P2 thermal overload        I1.1 

OUT PUTS 

P1 start   Q0.0 

P2 start  Q0.1 

Manual operation 

Auto operation 
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After doing this implementation,failures in thedegasifies and anionbed systems can be 

reduced. 

According to the new design, two identical degasifies are in parallel. Therefore, the 

availability of this particular section can be calculated as follows: 

Ap =  A1× A2 

=  (1-A1) × (1-A2) 

= A1=A2 

=  (1- 0.990) x (1-0.990) 

  = 0.01 x 0.01 

 = 0.0001 

Ap  = (1-Ap) 

=  0.9999 

Mean running value of parallel blowers are denoted by mp 

mp = (1+λ1r1+λ2r2)/((λ1λ2)(r1+r2)) 

Where,  

λ1=  Failure  rate  of blower 1 

λ2 = Failure  rate  of blower 2 

r1=  Mean repair time of  blower 1 

 r2=  Mean repair time of  blower 2 

Assuming the identical blowers having same failure rates,λ1=λ2 

Therefore, the mean value of above parallel system can be calculated as follows: 

=
1+0.000369  𝑥𝑥  27.527+0.000369𝑥𝑥  27.527
(0.000369  𝑥𝑥  0.000369 )(27.527+27.527)

 

= 13000 
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Failure rate  λp = 1/mp 

=  0.00000075/h 

Considering these values and other existing reliability factors, the expected factors can 

be obtained. 

Expected reliability factors are as follows: 

Table 5.3: Expected equipment wise reliability factors. 

Equipment Running 
(h) 

Outage 
(h) 

No of 
running 

times 

No of 
Outages m (h) r (h) 

  
Availabili

ty  
f λ/h μ/h 

HP pump #1 10845.00 6.55 3 2    3,615       
3.28  0.999      

0.000276    0.000277      
0.305  

HP pump #2 10845.00 8.33 2 1    5,422     
8.333  

          
0.998  

    
0.000184    0.000184      

0.120  

Pipe Line 10845.00 672.97 5 4    2,169   
168.24  

          
0.928  

    
0.000428    0.000461      

0.006  

Anion Bed  10845.00 49.87 3 2    3,615     
24.93  

          
0.993  

    
0.000275    0.000277      

0.040  
 Blower 
1&2          0.9999  0.00000075  

  737.72   834.23  73.12  
 

0.919413  0.001163  0.001199  0.471  

           Now availability is increased to 0.919413 and failure rate is reduced to 0.001199.This 

is a good achievement for boiler water production system. 

 

Figure 5.4:  Graphical representation of the improvement of reliability. 

We can clearly see that from the above graph (Figure 5.4), that failure rate will be 

reduced after the improvement. 
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